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Boinonnenvr  usmepenust uyucmozo 3xocucmemnozo obmena (NEE) ma mouwasicunnom yuacmke 2psioo6o-
MOUAIICUHHO20 KOMNILEKCA Oaucompo@nozo 6oroma «Myxpuno» ¢ pasoeiienuem Ha COCMABNAIOWUE KOMNOHEHMbL!
6anogyio nepsuunyio npooykyuio (GPP) u ovixanue sxocucmemvl (Re.,). H3mepenus nposoounucs 8 meuenue camozo
ménnozo (Uiob), NePexooH02o (CeHmsdpb) U camoeo X0A00H020 (OKMAOPb) Mecayes TemHe-0CeHHe20 Ce30HA MemoooM
ABMOMAMU3UPOBAHHBIX Kamep ¢ 30-MUuHymHbIM UHMepPBaIom. Dmo no360aUl0 NOAYYUMb NOOPOOHYIO UHGOPMAYUIO O
CYMOUYHOM X00e U Ce30HHOU OuHAMUKe nokazameaeu. /[ uccie0o8aHHbIX Mecsiyes o OMOeNIbHOCHU U NOAEBO20
Ce30Ha 8 YeNoM OCYWeCBIeH KOPPEISYUOHHBII AHATU3 CEA3U MENCOY 2UOPOMEMEOPONIOSULECKUMU NAPAMEMPAMYU U
senuyuHou nomokos. s ovixanus sxocucmemvl (R..,) Haubonee vicokuil yposenb KoOppesyuu 3a ce30H BblAGNEH C
memnepamypoil nousst (0.88), memnepamypou 6o30yxa (0.71) u yposnem b6onomuuix 600 (-0.73); 3a uronv naubonee
cunvbHas Koppensiyusi evisisiena ¢ memnepamypou 6o30yxa (0.70) u memnepamypoii nouswvl (0.68); 3a cenmsbpo - ¢
memnepamypoil nouswt (0.81) u ypoenem b6onomuwvix 600 (-0.78); 3a okmsabpv — ¢ homocunmemusecku aKmueHoU
paouayuei (-0.59). Banosas nepsuunas npooykyus (GPP) cunvhee ececo koppenupyem ¢ homocuHmemuiecku
axmusrou paduayueti (PAR) — 6 utone xoappuyuenm xoppensiyuu pasen -0.95, 6 cenmsope -0.86, 6 okmsiope -0.79, 6
yenom 3a noneeoil cezon —0.89. Yucmoiil sxocucmemnwiii oomen (PAR), ananoeuuno GPP, naubonee mecno cészan ¢
PAR. B uwone xoappuyuenm xoppensiyuu NEE u PAR cocmasnsiem -0.91, 6 cenmsbpe -0.74, 6 oxmsbpe -0.71, 3a seco
nonesoti ceson -0.73. Cmoum noouepkHymb, Ymo OISl KaAANCO020 PACCMAMPUBAEMO20 MeCAYd GIUAHUE BHEUHUX
Gaxmopos Ha NOMOKU YMEHbUIACCSL C MeYeHUeM 6peMeHU OMm WSl K OKMAOpI0, 00Cmu2ds MUHUMYMA KOppenayuu 6
CAMOM XON0OHOM Mecsiye.

Knrwouesvle cnosa: Jpixanne sxocucteMbl (R..,); BanoBas nepBuuHas npoaykuus (GPP); wucTeiii sxocucTeMHBIN
oomen (NEE); ¢orocunretnyeckn axtuBHas paguanus (PAR); LI-8100A; yposenp rpyHTOBBIX BOn (WTL);
aBTOMAaTHYECKUE KaMephl; MyXpHHO; 00J0THBIE 3KOCHCTEeMbI 3amnaaHoil CHOUpHU; KPYyrOBOPOT YIiIepoa.

Global climate change is one of the most important and promising phenomena to study in actual time. One of the
key causes of global climate change is increasing the greenhouse gas (GHG) concentrations in the atmosphere [IPCC,
2023]. The main greenhouse gases are methane, carbon dioxides and nitric oxide, which contribute to the greenhouse
effect and global warming [Lashof, Ahuja, 1990]. Carbon dioxide (CO,) is one of the most significant and widespread
gases involved in the planet's global carbon cycle [Lashof, Ahuja. 1990]. At the same time, living organisms play a key
role in creation of atmosphere composition. Autotrophic organisms use a carbon dioxide to build their body structures,
including complex organic compounds. During ecosystem functioning, the part of the carbon dioxide is released into
the atmosphere through organism respiration, while another part is released through the decomposition of dead
organic matter. Carbon dioxide may also be produced through natural and anthropogenic processes.

Peatland ecosystems play a significant role in the planet's carbon cycle, both locally and globally. Peatlands in
their natural undisturbed state are a significant long-term carbon sink'. However, the process of carbon deposition is
not constant — in different years, peatlands may serve either as carbon sink or source’. The main factor stimulating the
carbon sequestration by peatland ecosystems is climatic conditions [Harenda et al., 2018, Bond-Lamberty et al., 2018].
Peatlands are the second most significant carbon stock on Earth and the largest on land. Despite covering only 2.84%
of the Earth's land surface, the amount of soil organic carbon stored in them accounts for about one-third of all soil
organic carbon on Earth. Peatlands in the northern hemisphere play a particularly important role in carbon
sequestration, with an estimated accumulated carbon quantity of ~473—-621 Gt of carbon [Yu et al., 2010].

The largest area of peatlands in Russia is located in Western Siberia, estimated at ~42% of the total Russian
area [Vomperskiy et al., 1994; Sheng et al., 2004]. The territory of Western Siberia is featured to a high share of
peatlands in original undisturbed state, making them an ideal location to study the impact of global changes on
peatland biogeochemical functioning worldwide.

The carbon balance of peatlands is mainly determined by two processes: photosynthesis and respiration
[Harenda et al., 2018]. The main factors influencing the CO, flux from peatlands are photosynthetically active
radiation, atmospheric air temperature (T,,,), soil temperature (Ty,;), and water table level (WTL) [Miao et al., 2013;
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Juszczak et al., 2013; Dyukarev et al, 2019]. At the same time, the level of mutual influence and the degree of
determination have not yet been fully determined.

To study the carbon balance of terrestrial ecosystems, the chamber method [Davidson et al., 2002] is widely
used. The chamber method allows to estimate the CO; flux from the surface of the ecosystem. At the same time, the use
of the modern automatic system LI-COR LI-8100A4 (LI-COR, USA) provides high-frequency continuous data on carbon
dioxide fluxes over a long period of time, which makes it possible to assess the total accumulation of carbon and
significantly improve the reliability of the identified relationships with environmental factors [Zarov et al., 2022].

The purpose of this study was to assess carbon dioxide flluxes and discover the main hydrometeorological
parameters that influence the flow in the hollows of the Mukhrino raised bog.

MATERIALS AND METHODS

The research was carried out at the «Mukhrinoy field station [Dyukarev et al., 2021], located in the central part
of Western Siberia, 30 km southwest of the city of Khanty-Mansiysk. The climate is featured by high repeatability of
anticyclonic conditions, rapid changes in weather conditions, a humid, moderately warm summer, and a fairly harsh,
snowy winter. The chamber system was installed in a homogeneous area of the peatland, dominated by Sph. balticum,
C. limosa, and Scheuchzeria palustris, with the presence of E. vaginatum on the periphery. The plant composition
inside the chambers was not determined, but the most homogeneous and similar areas were selected for installation
(Figure 2).

Carbon dioxide flux measurements were carried out using the automated chamber method, using a portable soil
respiration analysis system LI-81004 (LI-COR, USA). The flues were measured by four automated chambers installed
in the raised bog area of Mukhrino (Figure 3). The first group of chambers — NEE (2 LI-COR 8100-104s chambers),
measured net ecosystem exchange (NEE), the second group — R, (2 LI-COR 8100-104 cameras), measured ecosystem
respiration (R..,). Measurements were taken for 2 minutes every 30 minutes for all cameras. Wooden walkways were
installed in the peatland area to minimize potential negative impacts on the study surface.

The fluxes were calculated using a linear model of specialized software LI-8100 File Viewer 3.0.0 (LI-COR). R
programming language packages dplyr [Wickham, 2016], ggplot2 [Wickham, 2016], lubridate [Grolemund, Wickham,
2011] were used for data processing and visualization. To analyze the dynamics of NEE and R,., fluxes, the obtained
values were averaged between LI-COR 8100-104s chambers (for NEE) and LI-COR 8100-104 chambers (for R..,).
Gross primary production (GPP) was calculated using the equation GPP=NEE-R,., [Connolly et al., 2009]. For
further analysis, measurements with a coefficient of determination (R°) of linear regression above 0.5 were selected to
minimize significant noise in the data. Spearman's rank correlation method was chosen to identify dependencies of flux
on hydrometeorological properties. The dependence was determined based on the data of the flux and
hydrometeorological properties averaged over 30 minutes.

RESULTS AND DISCUSSION

The average daily variation of CO; flows for July, September, October 2021 is shown in Fig. 5. The
simultaneous use of dark and light chambers allowed to assess the flows that are released in the ecosystem as a result
of the respiration of plants, animals and microorganisms (R..,), the intensity of CO, absorption in the process
photosynthesis (GPP), and net ecosystem exchange (NEE), which is the difference between the specific absorption rate
(GPP) of carbon dioxide excretion (R..,). The average daily variation of R.., (Fig. 5) in July was featured by the highest
values during daylight hours; the CO; flux reaches its maximum value at 11:00 (1.44 umol m™s™). For September and
October, the daily dynamics of R.., were weakly expressed. The highest CO, emissions were typical for evening and
night time. The maximum R, in the daily cycle was observed at 19:00 (0.47 umol m™s™) for September, and at 00:00
(0.17 umol m™s™) for October. The average daily cycle of GPP (Fig. 5) had a pronounced absorption maximum during
daylight hours with maximum radiation, for July — at 11:00 (-3.47 umol m™s™), for September — at 12:00 (-1.53 umol
m™s™), for October — at 11:00 (-0.45 umol m™s™). The absorption of carbon dioxide from the atmosphere (GPP) had
different daily durations depending on the month (Fig. 5), which is associated with a decrease in daylight hours by
autumn. In July, carbon dioxide absorption was observed from 4:00 to 20:00 (16 hours), in September — from 5:00 to
18:00 (13 hours), in October — from 7:00 to 17:00 (10 hours). For the diurnal cycle of NEE (Fig. 5), the CO,
absorption process (GPP>R,.,) predominated in the daytime, while the carbon dioxide emission process (GPP<R,.,)
dominated at night. The maximum NEE value in the daily cycle in July was estimated at 1.01 umol m™s™ at 22:00, in
September 0.49 umol m™s™ at 20:00, in October 0.17 umol m™s™ at 21:00. The minimum NEE value in July was -2.03
umol ms™ at 11:00, in September: -1.01 umol m™s™ at 12:00, in October 0.39 umol m™s™ at 11:00.

A total of 1711, 2625 and 1597 R.., measurements were taken in July, September and October, respectively. The
highest average daily rate of ecosystem respiration R.., occurred in the third ten days of July (July 19); by the last days
of October, ecosystem respiration reached its minimum in the annual course (Fig. 7). The average R, in July was
1.05+0.25 umol m™s™, and in October 0.13+0.01 umol m™s”. These estimates were obtained on a sufficient array of
data and therefore can be considered reliable. The peak intensity of photosynthesis was recorded on July 22, when
vegetation absorbed the largest amount of CO,. After July 22, there was a gradual decline in GPP; the rate of carbon
dioxide absorption in the last days of October decreased significantly, but did not drop to zero. The presence of
photosynthesis in the hollow of an oligotrophic bog even in late autumn and at low air temperatures is probably due to
the activity of sphagnum mosses. Net ecosystem exchange (Fig. 7) was negative every day in July, thereby the
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absorption of carbon dioxide from the atmosphere daily dominated its release. In September, ecosystem absorption of
carbon dioxide prevailed until September 10, after which both negative and positive NEE values were observed. During
this period, intense precipitation occurred, a decrease in air temperature and the amount of incoming radiation, which
led to the ecosystem switching from a sink to a temporary source of CO,. In October, the number of days on which the
ecosystem acted as a carbon sink decreased; on most days, carbon dioxide emissions predominated. According to
average monthly values, carbon dioxide absorption prevailed in July (-0.53£0.13 umol m™s") and September (-
0.11£0.18 umol m™s™), in October (0.02+0.04 umol m™s™) CO, evolution predominated. The number of measurements
according to NEE (Table 2) is greatest in September (2584) and least in July (1709).

Reco was most influenced in July (Table 3) by air and soil temperature; in September — soil temperature and
marsh water level. In October, when daily temperature variability decreased, the most significant factor for R.., was
PAR (-0.59). The degree of correlation of R.., with T,,, and Ty in July qualifies as high, these factors are directly
related to R.., — the higher the temperature, the greater the release of carbon dioxide into the atmosphere by the
ecosystem. This is caused by an increase in the activity of microorganisms under the influence of increased temperature
[Nikonova et al., 2019]. In September, the influence of Ty, (0.81) and water level (-0.78) increased, while the influence
of Tyvg (0.54) decreased. The degree of correlation of these parameters with R, in September was classified as high. It
is assumed that the strong influence of water level (-0.78) on the R.., flux in September may be associated with a sharp
rise in water level (Fig. 6F), which could lead to a disruption of the optimum life activity of microorganisms. Similar
flow behavior was found for North American peatlands [Miao et al., 2013]. In October, the greatest influence on R,.,
was exerted by PAR (-0.59), the degree of correlation is weak negative; At the same time, the correlation of the
indicator with PAR in July was weakly positive. The highest correlation for GPP (Table 3) was obtained with
photosynthetically active radiation for all months of the study. The PAR correlation level for all months was classified
as high. The inverse correlation is due to the fact that as PAR increases, CO, absorption increases (negative GPP flux).
PAR is a key factor influencing plant photosynthesis, which in turn affects their ability to assimilate CO, and produce
GPP. As PAR intensity increases, plants increase the rate of photosynthesis and absorb carbon dioxide from the
atmosphere faster, which increases GPP. The greatest influence on NEE was caused by PAR (Table 3) in July, in
September and October (-0.91, -0.74 and -0.71, respectively). The level of PAR correlation in July and September was
high, in October it was moderate. When PAR levels increase, plants use carbon dioxide more actively to produce
organic matter and increase the level of GPP in the ecosystem, which leads to an increase in NEE flux. On the other
hand, when PAR levels decrease, plants become less active in photosynthesis, which leads to the prevalence of R.., and
a decrease in NEE flux. Analysis of correlation coefficients calculated from data for the entire field season, the best
relationship for R.., was found with soil temperature (0.88), air temperature (0.71) and water level (-0.73). PAR has the
greatest influence on GPP (-0.89) and NEE (-0.73).

CONCLUSIONS

Automated high temporal resolution chamber measurements of carbon dioxide flux provided a data for
analyzing CO; fluxes in the peatland area. The results provided detailed information that was used to analyze the
impact of environmental hydrometeorological parameters on the flux. The highest ecosystem respiration (R,.,) value
during a 24-hour period was recorded in July at 11:00 (1.44 umol m™s™), in September at 19:00 (0.47 umol m™s™),
and in October at 00:00 (0.17 umol m™s™). The maximum gross primary production (GPP) for all months occurred
between 11-12 hours: in July at 11:00 (-3.47 umol m™s™), in September at 12:00 (-1.53 umol m™s™), and in October at
11:00 (-0.45 umol m™s™). By autumn, the duration of GPP throughout a day decreased, as well as the amplitude of
diurnal variation for all flux indicators. The highest average daily CO; flux for all indicators was recorded in July,
while the lowest was in October. In net ecosystem exchange (NEE), absorption predominated from July 14 to September
9, with days dominated by ecosystem respiration from September 10 onwards. The amplitude of the average daily flux
for all indicators decreased by October.

Based on the Spearman correlation data, the highest seasonal correlation for ecosystem respiration (R..,) was
with soil temperature (0.88), air temperature (0.71), and water level (-0.73). In July, the best correlation is with air
temperature (0.70) and soil temperature (0.68), in September with soil temperature (0.81) and water level (-0.78), and
in October with photosynthetically active radiation (PAR) (-0.59). Gross primary production (GPP) correlates best
with PAR. In July, the correlation coefficient is -0.95, in September -0.86, in October -0.79, and for the entire field
season -0.89. Net ecosystem exchange (NEE), similar to GPP, is most dependent on PAR. In July, the correlation
coefficient is -0.91, in September -0.74, in October -0.71, and for the entire field season -0.73.

In general, the article calculates carbon dioxide fluxes from the surface of a hollow in an oligotrophic peatland.
The seasonal and average daily dynamics of hydrometeorological properties are described, and their influence on CO,
flows is assessed. It is worth noting that throughout the entire growing season, the influence of external factors on
fluxes decreases, reaching a minimum mutual correlation in the coldest month (October).

Keywords: Ecosystem Respiration (R..,); Gross Primary Productivity (GPP); Net Ecosystem Exchange (NEE); LI-
8100A; Water Table Level (WTL); automatic chambers; Mukhrino; Western Siberian bog; carbon cycle.
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BBEJIEHHME

CoBpeMeHHBIE TI00aNbHBIC KITUMATHYSCKUE M3MCHEHHS SBISIOTCS OJHUM W3 Hambolee BaXKHBIX U
3HAYMMBIX SIBIICHMH Ha IUIAHETe, KOTOphle TPeOYIOT yriyOieHHOro u3ydeHuss W aHanmza. OnHOU U3
KITFOUEBBIX MPUYMH W3MECHEHUM KIIMMAaTa SIBJISICTCS yBEMWYEHHUE copep:kaHus nmapHukoBbiX razoB (GHG) B
atMocepe BcmeactBue antponorenHod aktuBHocTH [IPCC, 2023]. K OCHOBHBIM MapHHKOBBIM Tra3aM
OTHOCSATCS BOJSHOW Tap, METaH, YIJIGKHCIBIA ra3 W 3akuch aszora [Lashof, Ahuja, 1990; IPCC, 2023].
CocraB atMocdepsl B 3HAYUTEIBHOW CTENEHU ONPEAEISICTCS aKTUBHOCTHIO KHBBIX OpraHM3MOB. Tak,
aBTOTPO(MBI MCIONB3YIOT YIJIEKUCIBIA Ta3 aTMochephl Ui CHHTe3a cOOCTBEHHOM Omomacchl. B mporiecce
(YHKIIMOHUPOBAHUSI DKOCHCTEMBI YacTh YIJIEKHCIOrO ra3a BO3Bpamiaercss B aTMmocdepy B pe3ynbTaTe
JIBIXaHUSl OpPraHW3MOB, a 4YacTb — B MpOIECCE JbIXaHWs PEAYICHTOB, YYACTBYIOIIMX B Ppa3iIOKEHUH
orMmepieii opranuku. [Ipu atom CO, MOkeT 00pa30BHIBATHECS B PE3yJbTaTe MPUPOAHBIX H aHTPOIIOTEHHBIX
MPOIIECCOB.

CoBpeMeHHBIC aHTPONOTEHHBIE BBHIOPOCH YIJIEKUCIOTO Ta3a B OCHOBHOM SIBJISIFOTCSL MPOJYKTOM
CKUTaHUS Pa3IMYHbIX BHJIOB UCKOMAEMOTr0 TOIUIMBA, TAKUX KaK KaAMEHHBIH WM OypbIi yroib, MPUPOAHBINA
ra3 ¥ He)Th, a TaKXKE TBEPJBIX OTXOJOB, IPEBECHUHBI M JIPYTUX OMONIOrMYECKUX MarepuanoB. Kpome Toro,
CO, MOXeT BBIICNATHCA KaK MOOOYHBIM MPOIYKT psijia MPOU3BOJICTBEHHBIX IIPOIECCOB, HANPUMEp, MPH
IIPOU3BOJICTBE LIEMEHTA. XO35MCTBEHHAsl AKTUBHOCTh YEIOBEYECTBA BO3ACHCTBYET HA YIVIEPOIHBIM LUKIL,
YBEITUYNBasi IMUCCHIO TMOKCHJIA YTIIepoa B aTMocdepy Kak HanpsMYylo, Yepe3 yBeJIrnueHrEe BBIOPOCOB ATOTr0
MApHUKOBOTO Ta3a MPU TMPOMBIIUICHHOM TMPOU3BOJICTBE, TaK M OMOCPEJOBAHHO, BCIICICTBHE YBEITUUCHHUS
IUIOMAN  JACTPaJAUPOBAHHBIX OKOCHUCTeM. AJbTEepHATHBOW siBisercs cBs3piBanue CO, 3a  cuér
BOCCTAHOBJICHHUS M YBEIMUYCHUS ILJIOIIAIN dKocHcTeM-Tioriotutenei [Prentice et al., 2001; Yoro, Daramola,
2020]. Y na4HbIM IPUMEPOM BOCCTAHOBIICHHUS TAKMX IKOCHUCTEM SIBIISIFOTCS paOOTHI 110 PEKYIbTUBALIUK OOJIOT
Poccuu [Sirin et al., 2021], ['epmanuu [Zerbe et al., 2013] u BenukoOopuranuu [Moxey, Moran, 2014].

BonoTHble 3KOCHCTEMBI UTPAIOT 3HAYMMYIO pOib B KpyroBopore C Kak B PETHOHAIBLHOM, TaK U B
rmodansHOM Maciitabe [Zemtsov et al., 1998]. bomora B eCTECTBEHHOM HEHApyHIEHHOM COCTOSHUH
SABJIAIOTCS HU3KOIPOAYKTUBHBIM cToKoM yrinepoga (C) ¢ JUIHTEIbHBIM NEpHOIOM XpaHeHus'. IIpomecc
nernonnpoBanusi C HecTaOWIIEH: B pa3HbBIE TOJbI OMHH U T€ ke 00J10Ta MOTYT ObITh KaK HETTO-CTOKOM, TaK M
HETTO-UCTOYHUKOM YTIIEpOJIa.

BonorHbIe KOCHCTEMBI BBICTYIMAIOT BTOPBIME IO 3amacaM yriiepoja Ha 3emuie (Imocie OKeaHa) U
mepBBIMH Ha cymre’. Ilpu Mamoif mmomany, 3aHuMaeMoii Gomoramu (2.84% OT MIOMANHM MOBEPXHOCTH
CYIIN), KOJTMYECTBO TIOYBEHHOT'O OPraHUYECKOro Yriepoja, CBSI3aHHOTO B HHX, COCTaBlsieT ~1/3 or Bcero
MMOYBEHHOI'0 OpraHMYecKoro yrieponaa 3emu [Xu et al., 2018].

Oco0yl0 ponp B 3amacaHUM yrjepoja WrparT OopeanbHble O00J0Ta CEBEPHOrO MOYILIAPHUS:
HakorieHHoe KonndecTBo C B HUX onenuBaercs B 473 - 621 I't C [Yu et al., 2010]. bonoTHbIe KOMIUTEKCHI
3amagnoit Cubupu 3aHUMAIOT oneHouHo 42% ot obmielt miomaau 6omot Poccun [Vomperskiy et al., 1994;
Sheng et al., 2004]. IIpu sToM TeppuTopus 3ananHoii CHOMPH XapaKTEepU3yeTCs BHICOKOH J0el OO0JIOTHBIX
9KOCHUCTEM B HATHBHOM COCTOSIHHUHM, 4YTO JeNaer e HACIbHBIM OOBEKTOM ISl W3YUCHHS BIHSHUS
rIo0aNbHBIX W3MEHEHHH Ha OMOreOXMMHYECKHE IPOILecChl B OOJOTHBIX 3KOCHCTEMax BO BCEM MHpE
[Zemtsov et al., 1998].

VYrnepoanslii 6anaHc Ha3eMHBIX DKOCHCTEM, BKIIOYas 0OJIOTa, B OCHOBHOM OIPENENseTcs ABYMS
nporeccamu: (OTOCHMHTE30M U abixanueM [Bond-Lamberty et al., 2018; Harenda et al., 2018]. OcHOBHBIMHU
¢dakropamu, BiustomMMU Ha 1otokn CO, B OOJNOTHBIX JKOCHUCTEMAaX, SIBISIOTCS CONHEYHAs pajHaIius
(PAR), Temmepatypa aTMocgepHOro Bo3ayxa U Mo4Bbl, ypoBeHb OonmotHBIX Boa (WTL) [Miao et al., 2013;
Juszczak et al., 2013; Dyukarev et al., 2019; Makhnykina et al., 2021; Ilyasov et al., 2023]. [Ipu 3ToM
YPOBEHb BIMSIHUS THIPOMETCOPOJIOTHUECKIX XapaKTePHCTHK Ha MHTEHCHUBHOCTH YTJIIEPOIHOrO OOMEHa M
CTETEeHb JICTEPMUHAIINHI 3THX CBSI3el J0 CUX MOP HEAOCTATOYHO U3YUCHBI.

st wccenoBaHusl yriiepoqHoro OanxaHca HA3eMHBIX JKOCHCTEM NIMPOKO HCIONB3YeTcs KaMepHBIN
METOJI, MO3BOJAIONME oneHuBath MoTok CO, ¢ moBepxHOCTH 3KocucTembl [Davidson et al., 2002].
Kamepnpiit Meronm mo3Boiser omneHuBaTh MOTOK CO, ¢ TOBEpXHOCTH 3KocHCTeMHI. Ilpm 3TOM,
WCTIONIb30BaHMe CcoBpeMeHHO aBTomatndeckod cuctembl LI-8100A (LI-COR, CHIA) o6ecneunBaer
MOJTy4YEeHNE BHICOKOUYACTOTHBIX HETIPEPHIBHBIX JIAHHBIX O MOTOKAX YIIIEKHUCIIOro ra3a B TeUeHHE JITUTEIBHOTO

! Strack, M. (Ed.). (2008). Peatlands and climate change. IPS, International Peat Society. — Lut. o [Harenda et al., 2018]

2 Rydin H., Jeglum J. K., Bennett K. D. The biology of peatlands, 2e. — OUP Oxford, 2013. — Ilut. no [Harenda et al., 2018]
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BPEMEHH, YTO II03BOJIAET OLIEHUTh CyMMapHOE€ HAaKOIUIEHHE YIJIepoJa W CYHIECTBEHHO YIy4IIUTh
JIOCTOBEPHOCTh BBISIBJICHHBIX 3aBUCHMOCTeH Mexay mnotokamMu CO, u (akTopaMu OKpYKarolled cpeabl
[Zarov et al., 2022].

Lenpto nmaHHOrO WCClenoBaHMs sABiAeTcs oreHka norokoB CO, W BBISBIEHHE OCHOBHBIX
THIPOMETEOPOIOTHUECKUX MapaMeTpOB, OKa3bIBAIOIIMX BIMSIHHE Ha STH MOTOKM B MOYaKMHHOM y4YacTKe
BEpPXOBOIro 600Ta MyXpHHO.

MATEPHAJIBI U METObI

HccnenoBanns MpoBOAMIMCH HA MEKIYHApOIHOM IOJIEBOM cranuoHape «Myxpuno» [Dyukarev et
al., 2021a], pacmomokxeHHOM B IIEHTpaibHOM yacTH 3amaanoil Cubupu, B 20 KM K FOro-3amnamny ot r. XaHTbI-
Mamncuiicka (XMAO-IOrpa) (puc. 1). Knumar oTiimyaercs BHICOKOM IOBTOPSEMOCTBIO aHTHUIIMKIIOHAIBHBIX
YCIIOBH#, OBICTPBIM HM3MEHEHHEM IIOTOJHBIX YCIOBUM, BIQKHBIM, YMEPEHHO TCIUIBIM JICTOM M JIOBOJIBHO
CcypoBo#, cHexxHOM 3uMoit [Kupriianova et al., 2022].

68.5 69.0 69.5
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Pucynok 1. Mecromnonoxenue mojieBoro cranmonapa “Myxpuno”. KpacHsIM TpeyroJbHUKOM 0GO3HAYEHO
pacrionoxxeHre HayqHo-nosneBoi craHuuu Myxpuno. Caumok Landsat 8 (NASA, CIIA).

H3MepeHre MOTOKOB JAMOKCHAA YTIepoJa MPOBOAMIOCH B MOYaKHHHOM YYacTKE BEpPXOBOro 0oiora
MyXpHHO, TIOKPBITOM XapaKTepPHBIMH OCOKOBO-IICHXIIEPUEBO-CPArHOBEIMH H  ITYIIHIIEBO-OCOKOBO-
c(harHoBbeIMH COO0OIIIeCTBaMH. B TpaBsHOM sipyce JOMUHUPYIOT mieixuepus (Scheuchzeria palustris), ocoka
(Carex limosa), HecKOIbKO BUIOB mymMibl (Eriophorum russeolum, E. vaginatum) n pocsHka (Drosera
rotundifolia, D. anglica). B MOX0BOM TIOKpOBE TOMUHUPYIOT HECKOIBKO THIPO(PHUIBHBIX BHIOB CHArHOBBIX
mxoB [Kupriianova et al., 2022]. KamepHas cucremMa Oblla YCTaHOBJIGHA Ha OJHOPOJHOM YYacTKe
Mouaxunbl (60.893351 c.m1., 68.682618 B.1.) ¢ noMmuHupoBanueM Sph. balticum, C. limosa v Scheuchzeria
palustris ¢ mpucyTcTBUeM Kodek mymmusl (E. vaginatum) mo nepudepun. PacTUTENbHBIN MOKPOB ObLI
MIPECTaBJIEH MAaKCUMAIbHO OTHOPOIHBIMH U CXOKUMHU y4acTKamHu (puc. 2).
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Pucynok 2. Kamepa LI-COR 81001040, pa3MemeHHaﬂHa MOUYQXMHHOM y4dacTke MyxpHHoO.

Uzmepenne mnorokoB CO, NpoBOMWIOCH MpPH IOMOIIM CTATHYECKOTO KaMEpHOro MeEToAa ¢
WCIIONIb30BaHUEM MopTaTuBHOM aBToMaThudeckoi cuctemMbl LI-8100A (LI-COR, CIIA). HccnemoBanus
MPOBOAMIIMCH TIPY IOMOIIH 4-X aBTOMaTHYECKHX Kamep: 2-X KaMep U3 IMpo3pavyHoro matepuaia (Moxensb LI-
COR 8100-104c), nmpemHasHaueHHBIX I H3MEpEHHS YuCTOro skocucremHoro obomena (NEE, Net
Ecosystem Exchange), u eme 2-x — u3 HempospayHoro wmatepuana (Momenb LI-COR 8100-104),
u3Mepsiromue apixanue dSkocucreMbl  (Re., Ecosystem Respiration) (puc. 3). OnxHOBpeMeHHOE
WCIIOJIb30BaHME TPO3PAYHbIX M HEMPO3pavyHbIX Kamep MO3BOIHIO OneHUTh motoku CO, B 3KOCHCTEME B
pe3ynbTaTe IbIXaHUs PACTeHUH, )KUBOTHBIX H MUKPOOPTaHU3MOB (R.,), MHTeHCHBHOCTH Tiornomienus: CO, B
nporiecce porocuntesa (GPP), u uucteiit ooMen 3xocucteMbl (NEE), KOTOpBIH cocTaBiseT pa3HOCTh MEXIY
ckopoctsamu noriorerus: (GPP) u Beinenenus yrioekucnoro ra3a (Ree). 1 yMeHbIIEHNS TOTEHITNATEHOTO
HEraTUBHOTO HAPYIIAIOIIEr0 BO3JEHCTBHS MAaHUITYIISIUI HA MCCIEAYEMYIO TIOBEPXHOCTh, HA MOYa)KUHHOM
y4JacTke 000Ta ObUT YCTaHOBIICHBI JICPEBSHHBIE MOCTKH.

Namepenust nmpoBoArnCh ¢ 14 urosis o 22 oktsaopst 2021 1., 4ToObI 0XBATUTh MEPHUOL MAKCUMAJIbHOM
aKTUBHOCTU (POTOCHMHTE3a — BIUIOTH JIO TIEPHOAA yCTAHOBJIEHHS CTAaOWIIBHOTO CHEKHOTO TOKpOBa. Bpems
SKCTIO3UINH JUTS BceX Kamep cocTaBisuio 2 MuH 30 ¢, ¢ BBIXOJIOM Ha MOBTOPHOE U3MEpPEHHE LIS KaXKIO0H
kamepbl pa3 B 30 muH. IlT0mans OCHOBaHMIA MPO3PAYHBIX M HEMPO3PAUHBIX KaMep cocTapisiia 317.8 cv?,
o0beM Tpo3padHbIx Kamep 3876.0 cM’, Hempospaunbix 4076.1 cv’. TIpu 06paGoTKe Pe3y/IbTATOB MOTEBBIX
M3MEepEeHHi OBUIM BBISBJICHBI MPOIMYCKU. 3a aBryCT MPOMYCKH B JIAHHBIX OBLUTH CBS3aHBI C HECTAOHMIIBLHOM
MoJjauei AIEKTPOIHEPTHH — M3 BCETO PsiJia 3HAUCHUH N3MEPEHHUS TTOKPHIBAIOT MEHEE YETBEPTH BCETO MecsIIa,
YTO HE XapaKTepU3yeT IMOTOK 3a MaHHBIN nepuon. [Iporycku maHHBIX 3a 21-24 CeHTAOps ObUIM BhI3BAHBI
HU3KUM 3HaueHHeM Kod((duIlMeHTa NETePMHHALIMKM NPHU PacdyeTe MOTOKOB, YTO MOXKET OBITh CBSI3aHO C
MOXOJIOIAHUEM U BBITIAJICHUEM OCaJIKOB.
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Pucynok 3. Cxema pacronokeHust KaMep Ha MOYa)KUHHOM y4acTKe BpXOBoro 6omnora Myxpuno (NEE —
po3pauHbie KaMepsl; R, — Hempo3paunbie kamepsl). (Doto — https://www.youtube.com/watch?v=hwWpGskAkYT).

Pacuer 1noTOKOB mpoM3BOAMICA C IOMOUIBKO JIMHEHHOM MOAEIM €  HCIIOJIB30BAHUEM
crienuranu3upoBanHoro nporpammuoro odecrnedenust LI-8100 File Viewer 3.0.0 (LI-COR). [lns oOpaboTku
W BU3yallM3allMy JAHHBIX UCIIONb30BAJKCh MAKETHI s3bIKa NporpammupoBanus R: dplyr [Wickham, 2023],
ggplot2 [Wickham, 2016], lubridate [Grolemund, Wickham, 2011]. [Iyng yBeaudeHus CTaTUCTUYECKOMH
JIOCTOBEPHOCTH PE3YJITATOB HW3MEPEHHU TIONy4YeHHBIC 3HAYEHHUS TIOTOKOB YCPEIHSUTUCh IOMapHO M
exedacHo. /[ kaxnoro daca B kadyecTBe olleHKM NEE ncIonp30BaJIoch cpeHee 3HAYEHHUE ITOTOKA B JIBYX
MPO3pavHbIX KaMepax, MOJIy4YeHHbIX B Hadane u cepeauHe yaca (0 m 30 muH). BanoBas mnepBuuHas
npoaykuus (GPP, Gross Primary Productivity) paccuuThiBajiach 1o pa3HOCTH ITOTOKOB, ONPEICICHHBIX JIJIS
npo3pavyHbix u HernpospadHbix kamep GPP=NEE-R.. [Connolly et al., 2009]. dns nanpHeiIero anammsa
ObUTH OTOOpaHBI TOJNILKO TE€ PAacdeThl YAENBHOr'O IMOTOKA, Ui KOTOPHIX KOX(QQUIMEHT JeTepMHHAINH
JTUHEHHON perpeccun u3MeHeHus: koHueHTpanun CO, B kamepe Obut Bhime 0.5. Takoit BBIOOp 00ycCliOBIICH
OTCYTCTBHEM 3HAYUTEIBHBIX IIyMOB B JAHHBIX M3MEPEHUSAX W BBICOKUM YPOBHEM COOTBETCTBHS JIMHCHHOM
MoJien 3aMKCUPOBAHHBIM 3HAYEHHSM KOHIEHTpauui. Jlas BBISBICHHUS 3aBHCHUMOCTEH TIOTOKa OT
THAPOMETEOPOIOrMUECKUX MapaMeTpoB ObL1 BbIOpaH MeToj paHroBoii koppemsuuu Crupmena (p=0.05).
Ces3p motokoB CO, W THAPOMETEOPOJIOTHUECKMX MMapaMeTpoB ONpeaensiach Ha OCHOBE JaHHBIX,
yCpenHEeHHBIX 3a 30 MUHYT.

I'uapoMeTeoponornueckiue XapaKTepUCTHKH ObUTH  MOJTYYEHBI C TIOMOIIBIO  aBTOMATHYECKOM
Mmereoctanimu [Dyukarev et al, 2021b]. IlepedueHr mapameTrpoB M MOJEIb H3MEPHUTEIBHBIX MPUOOPOB
npezcTasieHa B tabm. 1.

Ta6sauua 1. [TepeueHs mapamerpoB U 000pyIOBaHUS, HCIIOIB30BAHHBIX B UCCIICIOBAHUH.

Ne I'uapoMeTeopoIornieckue XapakKTepUCTHKH HaymMeHoBaHUe NaTInKa To4yHOCTH
1 YpoBeHb OOJIOTHBIX BOJ HOBO U20L-02 (CILA) +0.2%
2 BriaxxHocTh BO3yxa Ha BHICOTE 2 M Rotronic HC2A-S3 (IlIBeituapust) +0.8%
3 Temnepatypa Bo3lyxa Ha BbICOTE 2 M Rotronic HC2A-S3 (IlIBeftuapust) +0.1°C
4 Temneparypa 1o4BbI Hukseflux STPO1 (Hunepnanmer) +3%

5 AtmochepHoe aBieHue Cambell Scientific CS105 PTB101b (CILA) +0.05%
6 AtmochepHble ocalKu HOBO data log%icnﬁlrjii)n gauge RG3-M £3%

7 DOTOCUHTETUYECKH aKTUBHAS pajuaiys LI-COR LI-190R (CILIA) +5%
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PE3VYJIBTATBI

Ha pucynke 4 mpuBeneH CyTOYHBIN XOJ OCHOBHBIX METEOPOJIOTHMUYECKUX IMapaMeTpoB, OCPEIHEHHBIH
A1 KaKAOro Mecsua uccinenopanuid. s cyroynoro xoza temnepaTypbl Bosayxa (Ta,) (puc. 4A) Obin
XapakTepeH MHHUMYM B HOYHBIC M YTPEHHHE Yachl, MAKCHMYM — B JIHEBHBIC Yachl. B ceHTs0pe cyTOYHBIH
x0J T,y ObLT OONEe MIaBHBIM, YEM B OCTaJbHBIE MECSLBI, C MEHbIIEH aMILIUTY0H KoneOaHUil B TeueHue
CyTok. B okTs0pe B HOYHBIE 4Yachl (UKCHPOBAJICS TIEPEXOJl TEMIIEPaTyphl BO3AyXa depe3 HOJb.
MunumansHas T, B OCpEJHEHHOM CyTOYHOM Xoze B Htone Obu1a +11.0°C (B 3:00), B cents6pe +3.3°C (B
5:00), B oktsa6pe -1.1°C (B 7:00). MakcumanbHas T, B utone cocrasisuia +20.5°C (B 15:00), B ceHTs0pe
+10.1°C (B 15:00), B okTs10pe +3.8°C (B 14:00).

Temmnepatypa mouBsl Ty (puc. 4B) xapakrepu3oBasach MUHMMAaJIbHBIMH 3HAUEHHSIMH B YTPEHHUE
Yachl, MAaKCUMaJIbHBIMH B CEPEIAMHE JIHS M CHWKEHHEM TeMIlepaTypbl K Bedepy M HOUbIO. B okTs0pe
aMILUTUTyla CYTOYHOTO XOJ@a TEeMIIepaTypbl TMOYBBl CHIDKaNAch, JWHAMHKa CTaHOBHJIACh Oolee
«CTTIAKEHHOW», C HEOONBIIMMU KOJIICOAHUSMHU B TeUeHWE AHsA. MUHHMaNbHBbIC 3HAueHHS Ty B HIOJC
npuauMain +15.4°C (8 6:00), B centsaope +7.7°C (B 9:00), B oktsi0pe +3.1°C (B 9:00). MakcumainbHbIe
3HaueHus Ty B utose obutn +20.8°C (B 15:00), B centsope +11.1°C (B 18:00), B okts16pe +4.7°C (B 18:00).

dotocunrernyeckn aktuBHas paguanus (PAR) (puc. 4C) B urone xapakrepu3oBajiach 0oliee BHICOKOH
WHTCHCUBHOCTBIO pajJiMalldl B CepelyHe JHsA. B ceHTs0pe W OKTAOpe YpOBEHb pajMalid CHU3HIICS.
3nauenuss PAR yBenmnumBanuch B yTpeHHHE 4Hachl M jpocturanu Makcumyma B 11:00-12:00, mocme gero
MOCTENEeHHO yMeHbanuck. Cpeaane 3HaueHus PAR B monaenp ais wions coctaBmin 821 MKMOIb mic!,
st cenTsAops 448 MxmMonb M7c”, s okTAOPs 295 MKMoOnb M.

OtHOCHTENnbHAs BIAXXHOCTHh Bo3nyxa (puc. 4D) mmena BBICOKHME 3HAUYEHHS B YTPEHHUE M HOYHBIC
Yachl, CHIXasiCh K cepenuHe aHs. Jnama3oH konebaHWH OTHOCHUTENHHON BIIAYKHOCTH B TEUEHHE CYTOK B
HI0JIe U3MEHsIICS B mpenenax oT 58 10 93 %; B ceHTs10pe — oT 69 110 95 %; B okTs10pe — oT 71 10 91 %.

WUions CeHTsbpb OkTA6pb. Wionb CeHtsbpb OkTA6pb

T°C
%,
MKMOAb M2 ¢

0 6 12 18 240 6 12 18 240 6 12 18 24 [ 6 12 18 240 6 12 18
Yac Yac

Wions CenTs6pb OkTa6pb. \ Wione CeHT56ps | OkTabpb.

T°C
RH%

0 6 12 18 240 6 12 18 240 6 12 18 24 0 6 12 18 240 6 12 18 240 6 12 18 24
Yac Yac

Pucynok 4. Cpennuii CyTOYHBIH X0l METEOPOIIOHYECKUX [IAPAMETPOB 3a HMIOJb, CEHTIOpb, OKT0ph 2021 roma. A —
TemIiepaTypa Bo3ayxa; B — Temmneparypa nouBbl; C — (DOTOCHHTETHUECKHM aKTUBHas paauanus; D — oTHocHTenbHas
BJI&KHOCTh Bo3ayxa. KoHTypom Ha pucyHkax A, B m myHktHpoMm Ha pucyHkax C, D o0o3HaueHO cTaHmapTHOE
OTKJIOHEHHE; KPacHBIH ITyHKTHP Ha pucyHke A o6o3zHauaer 0 °C.

Cpennuii cyTtounblii xo1 R, (puc. 5) B HIojie XapaKTepH30BaJCS HAHOOJBIIMMH 3HAYCHHSIMH B
CBETJIOE BpeMsi, MAaKCHMabHOro 3HaueHus notok CO, nocruran B 11:00 (1.44 mxmons m>c). Jlns centsaops
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W OKTSIOpS CyTOYHAst AMHAMUKA R, Obla cnaboBeipaxenHoii. HanGonemmas smuccust CO, Oblia xapakrepHa
JUTS BeYEpHEro ¥ HOYHOTo BpeMeHu. MakcuMyM R, B cyrounom xoje Habmronancs B 19:00 (0.47 MkMonb
m2c) st centsabps u B 00:00 (0.17 MxMonb m>c™) amst OKTAGPSL.

Cpenuuit cyrounsiit xon GPP (puc. 5) nmen BbIpa)keHHBIM MaKCUMYM TIOTJIOIIEHHS B CBETJIOE BPEMS
IpU MaKCUMalbHON paauanuu, 1 urons — B 11:00 (-3.47 mxmons m7c’), ast centsadps — B 12:00 (-1.53
MKMONb M2c), mns okrsaops — B 11:00 (-0.45 mxmons m7c!). IMornomenue CO, u3 armocdepsl (GPP) B
3aBHCUMOCTH OT MeECSIla XapaKTepH30BaJICsS Pa3HOM MPOJOKUTENBHOCTBIO B T€UEHHE CYTOK (pHC. 5), 4TO
OBTIO CBSI3aHO C COKpAalllecHUEM CBETOBOTO JHS K OCEHH. B HIoJe TOrJolIeHUe YIIIEKUCIIOro Tasa
Habmonanock ¢ 4:00 go 20:00 (16 gacoB), B certssope — ¢ 5:00 mo 18:00 (13 yacos), B okts16pe — ¢ 7:00 1o
17:00 (10 gacos).

Hns cyrounoro xoma NEE (puc. 5) B maHeBHOe Bpems mpeoOiaman mporecce moriomeHus CO,
(GPP>R,,), Torma kak B HOYHOE BpeMs AOMUHHUPOBAJI Ipollecc dMUccun yriekucioro raza (GPP<Rc).
MaxkcumanbHoe 3HaueHne NEE B cyrounoM xoje B urojie ObuTo omeHeHo B 1.01 MkMoInb mZc! B 22:00, B
centadpe 0.49 mxmons M2c” B 20:00, B oxTsi6pe 0.17 Mxmonb m~>¢” B 21:00. MunumanbHoe 3Hauenue NEE B
utone coctaBuao -2.03 mMxmons m2c’ B 11:00, B centsbpe: -1.01 mxmons m>c”’ B 12:00, B okTsa6pe 0.39
Mrmonb m ¢’ B 11:00.

Wionb CeHTAbpb OkTa6pb

[loToK, MKMOmMb M-2 ¢-'

0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Yac
Pucynox 5. Cpenuuii cyrounsiii xon motoko CO; 3a uroib, CeHTSIOpb, OKTsI0ps 2021 roma. KpacHbiM
MIYHKTHPOM 0003HA4YEHO CTaHJapTHOE OTKIOHEHHE Re.o, YEPHBIM MYHKTUPOM — cTaHnapTHoe oTkinoneHne NEE.

CpaBHHTENBFHOE H3YYEHHE CE30HHOW JMHAMHUKH THAPOMETEOPOIIOTHISCKUX XapaKTEPHCTUK U TIOTOKOB
YIJIEKHUCIIOTO Ta3a MPOBOIMIOCH M0 BPEMEHHBIM PsiiaM CPEIHUX CYTOYHBIX 3HaueHWd. CpenHsis cyTouHas
TeMIiepaTypa Bo3Jlyxa U MOYBBI 3aKOHOMEPHO CHIKajach C Havaja MIOJIs JI0 KOHIA UCCIIeyeMOro rmepruoaa
(puc. 6A). [MonoxuTensHBIE CPEAHNE TEMITEPATYPHI BO3/IyXa HAOIIOIANHCH HAa TIPOTSHKEHUH BCETO MEPUOIA,
3a HCKIIoUYeHreM OKTIOps. Camast BBICOKasi CpeHssl CYTOYHAs TeMIIepaTypa Bo3ayxa Obuia 3apUKCHpOBaHa
1 utons (+26.5°C), a camas Huskas — 31 okTs0ps (-12.4°C). Haubonblas cpenuss cyToyHas TeMIepaTypa
nouBsl (puc. 6B) Obua 1 wutons (+22.1°C), naumensmas — 31 oktsa6pst (-1.7°C). Benmunnaer PAR Taxoke
CHIDKAJINCH B TEUCHHE JIETA U OCEHH: MAaKCHUMAaJIbHOE CyTOuHOe 3HadeHue (puc. 6C) mpunuioch Ha 8§ HIOS
(523 mxmonb m*c!), MunuManbHoe — Ha 28 okTA0psA (21 Mkmons m>c’). JluanazoH koneGaHuil cpemHein
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CYTOYHOW OTHOCHTEIBHOM BJIXKHOCTH Bo3ayxa (puc. 6D) B urone u3MeHsuics B npenenax ot 61 mo 94 %; B
ceHTs0pe — oT 58 10 99 %; B okTsAOpe — OT 66 10 99 %. HaubonpIee Koau4ecTBO aTMOC(HEPHBIX OCAIKOB
(RA) (puc. 6E) Bemano 17 cents0ps (24.6 mm). B urone ObII0 3aperHCTpUPOBaHO BHINAJICHUE OCAJKOB B
Teuenne 14 cyt, B ceHTI0pe — 25 cyT, a B okTs10pe — 17 cyt. B urone WTL mocrenenHo noHmxkanics ot 6 1o 8
CM, KpPaTKOBPEMEHHO IOBBIIIASACh HAa HECKOIBKO CM Tociie aoxkjaend. B teuenune aBrycra WTL Ttaxxke
CHIDKAJICS, IOCTUTHYB MUHUMAJIBHBIX 3HaueHuid 11 cM 9 ceHTs0ps, mocie 4ero moj BIUSHUEM OOHMIIBHBIX
atMochepHbIX ocankoB (puc. 6D) WTL ObIcTpo yBEeIUYHIICS, TOCTUTHYB CBOErO MHKAa HA YPOBHE -3 CM
(YpoBeHBb BOIIBI HaJ MOBEPXHOCTHIO OonoTa) K 22 ceHTsaops. [locne 22 ceHTSOpsi ¢ yCTaHOBICHUEM CYXOH
npoxnanHoi morogsl WTL momén Ha cnaxa, mocturHyB MuHuMyma 11 okrsaops (1 cm). [duHamuka
aTMoc(epHOro JaBlieHHS XapaKTepHU30Balla CHHONITHYECKYIO CUTYAIMIO B MEPUOJ UCCIEAOBAHUN 1 YacTYIO
CMEHY IMKJIOHOB M aHTUITMKIIOHOB, IIPOXOSIINX HAJl PETHOHOM HccienoBanus (puc. 6G).

A Vions. Cenrsbps OGP D Vione, Cenratps OxtAGPL.

16 21 26 311 6 6 21 2 3 7 6 11 16 21 26 311 6 11 16 21 26 311 6 11 16 21 26 31
Tlers

: Yac
B E
ions. CeHTAbph OK1A6pb. Wions CeHrAbpb OKT6pb

m

i ¥ Hl [ N ﬂLJ s ,f,f“if.‘

T 16 21 26 3 6 11 16 21 26 31 1 6

T % 3 %3
Rers Rens
Wione Cenrstpe Oxinbps. ions. CenHrabps OKTA6PL

o ¢

o
2
-
o

1 6 11 16 21 26 311 6 11 16 21 26 31 1 6 11 16 21 26 31 1.6 1116 21 26 311 6 11 16 21 26 311 6 11 16 21 26 31
Rewo

Mione Cenratps OxTAGPL.

16 311 6 11 16 2

o
Pucynok 6. Cpennvie cyrouHble 3HAYEHUS THIAPOMETEOPOJIOIHYECKUX IAPAMETPOB IS HIOJIS, CEHTSOps,
okTsi0ps 2021 1. A — Temneparypa Bo3ayxa; B — remneparypa noussr; C — (GOTOCHHTETHUECKH aKTHBHAsK paxuanus; D —
OTHOCHTENbHAsE BIaXHOCTh Bo3nyxa; E — cymma atmoctepHbix ocankoB; F — ypoBeHs OomotHbix Boxm; G —
atmocepHoe naBienne. Konrypom Ha pucyHkax A, B, F, G u nyakrupom Ha pucynkax C, D o603HaueHO cTraHmapTHOE
OTKJIOHEHHE; KpacHBI MYHKTHp Ha pucyHke A ob6o3Hauyaer 0 °C; romyOoi myHkTHp Ha pucyHke C oOo3Hayaer
MUHUMAJIBHYIO 1 MAaKCUMaJIbHYIO CYTOYHYIO HHTEHCUBHOCTh PAR.

Bcero Obiio mposemeHo 1711, 2625 u 1597 wusmepenuit R., B Hroie, CEHTAOpe U OKTAOpeE,
COOTBETCTBEHHO (Taby. 2). HamOonbpmias cpemHssi CyTOYHas CKOPOCTh 3KOCHCTEMHOTO JABIXaHHS Reco
MPHUXOANTIACh Ha TPEThIO Jekany urons (19 uionst), K TOCIEIHUM YHCiIaM OKTSIOPS JbIXaHHE YKOCHCTEMBI
JIOCTUTJIO CBOEr0 MUHUMYMa B To10BOM xoje (puc. 7). Cpennee 3Hadenue R, B urone cocrasmio 1.05+0.25
MkMonb m¢”, B centsbpe 0.43+0.24 Mmxmonb m7c”, a B okTs6pe 0.13+0.01 Mxmonbs m>c” (Tabm. 2).
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[luk wHTEHCHBHOCTH (OTOCHHTE3a OBUT 3aperHCTpUpOBaH 22 WIONS, KOT/Ia PACTHUTEIBHOCTb
rorsioiaina Hanoonpiee koaudecTBo CO, (puc. 7). [Tocne 22 utos nmpoucxoaui nocTeneHubii cnag GPP,
CKOpOCTH TMOTJIONIEHUS TUOKCHA YTIIepo/ia B MOCIEAHHUX YHCIaX OKTSIOps CYIIECTBEHHO CHHMXKANlaCh, HO HE
orryckanach A0 Hyis. Hamuuue ¢orocuHTe3a HA MOYaXHHE OMUTOTPO(dHOrO 00JI0Ta Jaske MO3HEH OCCHBIO
W TIPY HU3KUX TEMIIepaTypax BO3yXa, BEPOSTHO, ObIJIO 00YCIOBIEHO aKTHBHOCTBIO C(DarHOBBIX MXOB.

UMCTBIM SKOCHCTEMHBIH OOMEH (pHC. 7) KaXable CYTKM HIOJS ObLI OTPUIATEIBHBIM, TEM CaMbIM
MOTJIONIEHNUE YIIIEKHCIIOr0 Ta3a W3 aTMocdepbl eXeIHEBHO JOMHHHUPOBAIO HAJ €ro BbyiencHUeM. B
CeHTSI0pe TOIJIOIICHUE 3KOCHUCTEMOM IBYOKHMCH yriiepoaa npeodiamano a0 10 ceHTsOps, mocie dYero
HaOJIIOIAIMCh KaK OTpUIATEeIbHbIC, TaK M HoJokHUTeNnbHbIe 3HaueHuss NEE. B 3ToT nepuoa mpoucxoauio
BBINAJICHUE 3HAYUTEIBHOTO KOJIMYECTBa aTMOC(EpHBIX OCAJKOB, CHIKCHHUE TeMIepaTypbl BO3lyxa H
WHTCHCUBHOCTH COJTHEYHOM pajJMallii, YTO MPHUBEIIO K MEPEKITIOUEHHIO YKOCHCTEMBI ¢ (YHKIIMU CTOKa BO
BpeMmeHHbIH ncTouHuK CO,. B oKTA0pe unciio AHel, Korjaa 3KOCKCcTeMa BBICTYIIAia B POJIM CTOKA YIiiepoaa,
YMEHBIIWIOCH, B OONBIIMHCTBE JHEH NpPEBaIMpOBAIO BBIJEICHUE YrileKucioro rasza. [lo cpemHum
MeCSUHBIM 3HAaUEHMsM TIOTJIOIIEHHE JUOKCH A yrieposa npesanuposaino B urone (-0.53+0.13 mxmons m2c’)
u centaope (-0.11+0.18 mxmonb mc™), B okTsa6pe (0.02+0.04 Mxmonb mc") npeobnanano suigenenue CO,.
Makcumanbaoe uncio usmepenuit NEE (tabn. 2) Oblio mpoBeneHo B ceHTs0pe (2584), HauMmeHblliee — B
utoie (1709).

Vionb CeHTA6pb OkT6pb
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Pucynok 7. Cpeanue cyrounbsie motokud CO, 3a HIOIb, CEHTAOPD, OKTI0ph 2021 . KpacHbIM MyHKTHPOM 0003HAUEHO
CTaHJApPTHOE OTKIOHEHUE R, YEPHBIM IyHKTUPOM — cTaHAapTHOE oTKIOoHeHHuEe NEE.
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Tabauna 2. CraTucTHUeCKHE XapaKTEepUCTHKU H3MepeHud mnotokoB CO,: YHMcIo H3MepeHwHi,
WCIIONB30BaHHBIX IS ocpenHeHus (n), cpeaHee 3HadeHue (X) + cranpapTHoe orkinoHeHue (STD),
MakcuMaiabHoe (Max), MunuManbHoe (Min) cpeiHee cyTodHOE 3HA4YeHUE 3a Mecsll. [10TOKM MpuBEACHbI B

2 -1
MKMOJIb M C .

Hrons CeHTs10pb OkTs0pb

NEE Reco GPP NEE Reco GPP NEE Reco GPP

n 1709 1711 863 2584 2625 1337 1953 1597 1037
X -0.53 1.05 -1.58 -0.11 0.43 -0.53 0.02 0.13 -0.11
STD 0.13 0.25 0.26 0.18 0.24 0.35 0.04 0.01 0.05
Max -0.31 1.47 -1.08 0.31 0.85 -0.12 0.10 0.15 -0.02
Min -0.79 0.68 -2.06 -0.47 0.14 -1.13 -0.08 0.10 -0.21

OBCYKJIEHUE

Meron koppensiiud CrnupMeHa TO3BOJHI ONPEACIUTh CBA3b MEXKIY THIAPOMETEOPOIOTHYECKUMH
napamerpamud ¥ notokamu CQO,. [t 3TOro 3a KaxKIbpli Mecsl] MCCIEAOBAaHMH U 32 CE30H B IIEIOM ObLI
BBIUUCIICH KOI(QQUIMEHT KOPPEIAMUd MEKIYy T[OTOKAMH YTJEKHCIOro ra3a W KakIblM W3
THAPOMETEOPOIOrHUECKUX IapaMeTpoB (Tadm. 3).

Ha R, HamOonbpliee BIMSAHWE B HWIOJIE OKa3bIBAIM TEMIleparypa BO3[AyXa W MOuYBHl (Tabim. 3); B
CEHTS0pe — TeMmIlepaTypa MOYBbl U YPOBEHb OOJNIOTHBIX BOJ. B OKkTs0pe, Korma cyrouHas BapuaOeIbHOCTh
TEeMIIEpaTyp CHHU3WIACh, HauOoynee 3HAYMMBIM (akropom it R, okazancs PAR (-0.59). Crenenn
koppemsauu Re, ¢ Tayy M Tl B HroJe Oblla BBICOKOW: ueM BbIlIe OBbUIM TEMIEPaTyphl, TeM Oojblie -
BBIJICNICHHE DKOCUCTEMON YTIIEKUCIIOro Ta3a B aTMocdepy. ITO coriacyercsi C U3BECTHBIM I10 JIUTEPaTypPHBIM
JaHHBIM (haKTOM YBEIHYCHHUS aKTHBHOCTH MHUKPOOPTaHM3MOB IIPH TOBBIIICHUH TeMiiepaTypbl [Nikonova et
al,, 2019]. B centa6pe BmausHue Ty (0.81) m WTL (-0.78) yBenuumnoch, a BiusiHue T, (0.54) -
yMeHbIIMIOCh. CTerneHb KOPpeNsIUN OTHX IapaMeTpoB C Rg, B ceHTI0pe Tarxke OblIa BBICOKOH.
[Ipennonaraercs, uro cuiabHoe BiusHue WTL (-0.79) Ha moTok R, B CeHTIOpe MOXET OBITh CBSI3aHO C
peskum nogbemoM WTL (puc. 6F), KOTOpbIil MOr IPUBECTH K HAPYILIEHUIO ONTUMYyMa >KM3HEAesTeTbHOCTH
MHUKPOOPTaHM3MOB. AHAJIOTUYHOE TIOBEACHUE IMOTOKOB ObLIO0 00HApYXkeHo it 6o10T CeBepHOH AMepHKH
[Miao et al., 2013]. B okTs10pe HanGonbliee BiaustHAE Ha R, OkazbiBana PAR (-0.59), crenens koppensunu
CpEIHSS OTPUIIATENIbHAS, TIPH ATOM Koppesiius mokasarens ¢ PAR B utojie Oblia ¢i1aboii MOJI0KUTEIbH OM.

Haubonbmas xoppensiuust ansi GPP (tabn. 3) Obuia momyueHa ¢ (pOTOCHHTETHYECKH aKTHBHOMN
paavanmeil 1yis Bcex MecsieB uccienoBaHus. YpoeHb koppemsuumu GPP ¢ PAR 3a Bce mecssl
KBaJTU(QHIIUPOBAJICS KaK BbICOKUI. OOpaTHast KOppeIsius 00ycIoBIeHa TeM, 4To ¢ yBiedeHneM PAR pacrér
noryomienne CO, (orpunarensHbiii motok GPP). PAR sBisiercss kirodeBbIM (DaKTOpOM, BIIUSIOIIMM Ha
(OTOCHHTE3 pacTeHUM, KOTOPBIM, B CBOIO Ouepellb, BIMSACT HAa UX CIOCOOHOCTH accumunupoBatb CO, u
npousBoauTh GPP. [pu yBennuenun naTeHcuBHOCTH PAR, pactenns yBeaTrmuuBaOT CKOpOCTh ()OTOCHHTE3A
1 ObIcTpee CBSA3BIBAIOT YIIIEKUCIIBIN Ta3 U3 aTMocdepsl, uto yBenuunsaer GPP.

Haun6onbemee Bausaue Ha NEE B utone, B ceHTs10pe u okTsa0pe okassiBasia PAR (-0.91, -0.74 u -0.71
COOTBETCTBEHHO) (Tabiu. 3). YpoBeHsb koppensiuu ¢ PAR B urone Obl1 OYCHb BBICOKHMM, a B CEHTAOpE U
okTsi0pe — BbricokuM. Korma PAR yBenmuumBaercs, pacTeHusl aKTHBHEE HCIONB3YIOT YITIEKHCIBIN ra3 Juis
CHHTE3a OpraHWyeckoro BemiectBa, u BeaumuuHbel GPP Bo3pacraioT, 4T0 NPUBOAUT K YBEIUYCHHUIO
orpuniarenbHoro moroka NEE. C apyroii ctoponsl, korma ypoBeHb PAR cHIDKaeTcs, pacTeHHsS CTaHOBATCA
MeHee aKTUBHBIMH B Tporecce (OTOCHHTE3a, YTO MPHUBOAUT K IMPEBAJUPOBAHUIO R, M YBETUYECHUIO
MOJIOKUTENBHOT0 oToKka NEE.

Pacuer ko3(pQUIMEHTOB KOppenslnu IO JaHHBIM 32 BeCh IMOJEBOM CE30H IOKAa3bIBAaeT, YTO
HawTydIas cBa3b A R, BeIABIEHa ¢ TemnepaTypoit moussl (0.88), Temmeparypoii Bozayxa (0.71) u WTL
(-0.73). Haubonsiuee snusaue Ha GPP (-0.89) u NEE (-0.73) oka3biBasia PAR.
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Taomuma 3. Koppensmua  Coupmena  (p=0.05):  cBA3bp  TOTOKOB  YIVIGKHCIIOIO Traza H
ruapoMereoponoruueckux (akropoB. Temmepatypa Bosayxa (T, Temmepatypa mouBbl (Tg),
¢dorocunTernueckn aktuHas pamuanus (PAR), atmocthepubie ocamku (RA), BaaxkHocth Boznyxa (RH),
atMochepHoe namieHue (AP), ypoBerb 0600THBIX BoA (WTL), 4ncI0 MCIONB30BAaHHBIX JJIS KOPPEAIUU
3HAaYeHHH MTOTOKOB (Nn).

Koapdpunnent xoppensiunu Cnupmena (p=0.05)
| Twe | T | PAR | RA | RH | AP WTL n
1400018
Reco 0.70 0.68 0.38 -0.06 -0.42 -0.12 -0.41 1711
GPP -0.59 -0.34 -0.95 0.11 0.66 -0.01 0.23 863
NEE -0.47 -0.23 -0.91 0.13 0.66 -0.04 0.16 1709
CenTs0pn
Reco 0.54 0.81 -0.04 -0.09 -0.12 -0.36 -0.78 2625
GPP -0.48 -0.19 -0.86 0.02 0.43 0.09 0.22 1337
NEE -0.23 0.11 -0.74 -0.01 0.39 -0.11 -0.07 2584
OkTs0pB
Reco -0.08 0.31 -0.59 -0.03 0.25 -0.11 0.03 1597
GPP -0.35 0.1 -0.8 -0.03 0.36 0.01 -0.08 1037
NEE -0.22 0.23 -0.71 -0.03 0.32 -0.07 0.02 1953
3a moJieBoif ce30H
Reco 0.71 0.88 0.23 0.03 -0.23 -0.52 -0.73 5933
GPP -0.57 -0.41 -0.89 0.01 0.48 0.23 0.33 3237
NEE -0.28 -0.05 -0.73 0.05 0.51 -0.03 0.04 6246
BBIBO/IbI

ABTOMaTHYECKHE KaMeEpHbIE HW3MEPEHHS TIOTOKOB YIJIEKUCIIOTO Ta3a C BBICOKUM BPEMEHHBIM
paspemenrieM (kaxnable 30 MHWH), MPEIOCTABWIIM JIOATOBPEMEHHBIN JTOCTOBEPHBIH HA0Op MaHHBIX IS
aHamm3a morokoB CO, Ha MOYa)KMHHOM Yy4acTKe OJHMroTpodHoro Oomora MyxpuHo. Pe3ynmbTath
MOHUTOPUHTA OBUIM WCIIONIL30BAHBI JUIS aHAJM3a BIUSHUS THIPOMETEOPOIOTHYECKUX MapaMeTpoB Ha
MOTOKH JTMOKCHJIA YTIIepoa.

Haunbonbiiee 3HaueHune apIxaHus SKOcUCTeMbl (R.,) B CyTOUYHOM XOze, OCPEIHEHHOM JUIsl HWIOJ,
66110 onyueno B 11:00 (1.44 mxmons m7c™), mus centadps — B 19:00 (0.47 mxmonb M>c™), 11 oKTAOpS — B
00:00 (0.17 mxmonb m~>c"). MakcumyM BasioBoii niepsudHoi npoaykuuu (GPP) 3a Bece MecsIbl HaGMIOAaICS
B quanaszode 11:00-12:00: B mrone — B 11:00 (-3.47 mxmonb m7c!), B centsiope — B 12:00 (-1.53 mMxMmonb
m>c"), B okT6pe — B 11:00 (-0.45 mMxmons mc). K oceHH yMeHBIIMIACH MPOJOKUTEIBHOCTD EPUOIA €
HEHYJIeBBIMHU 3HaueHUsIMU 1oToka GPP B TedeHue JHsI, a Takke aMIUIMTYAa CyTOYHOro xona. Hambomnbinee
3Ha4YeHUe cpeqHero cyrouHoro noroka CO, Ut Bcex mokaszareneii ObLUTo B HIOJIE, HAaMEHbIIIEee — B OKTSIOpE.
B uncrom skocucremuom oomene (NEE) mormnomienue npepannposaio ¢ 14 s 10 9 centsops. Haunnas ¢
10 ceHTSOpst BCTpEUAIOTCS JHHU, TJ¢ JOMHHAPOBAIIO JBIXaHHE IKOCHCTEMBI.

[To pesymbraTam KOPPENSIMOHHOTO aHalii3a OOHApYKEHO, YTO HaWIydllas CBS3b 32 CE30H IS
JIBIXaHUS SKOCUCTEMBI (Re.o) mposBisiercst ¢ Temmepatypoit moussl (0.88), Temmneparypoit Bozmyxa (0.71) u
ypoBHeM OonoTHbIX Bon (-0.73), dYro 0O0yclnOBIEHO (OPMUPOBAHHEM ONTUMAIBHBIX YCIOBHH JUIs
KHU3HEIEATEILHOCTH MHKPOOPTaHU3MOB, (OPMHUPYIOIIMX IOTOK TeTepOTPOPHOro AbixaHus. B wurome
HawTy4Inas Koppensius Re., HaOmoaanacek ¢ Temeparypoit Bo3ayxa (0.70) u remmneparypoit moussr (0.68),
B ceHTa0pe — c Temmeparypoii mouBbl (0.81) u ypoBHem OomorHbix Box (-0.78), B okTsa0pe — c
¢doTrocuHTEeTHYECKH aKTUBHOM pamuaiuer (-0.59). Banopas nmepeuunas npoxykuus (GPP) nydiie Bcero
KoppenupoBajia ¢ (poTocMHTeTHYeCKH akTUBHOM panuanueii (PAR) Bo Bce Mecsipl. B utone xoadduireHt
koppensiiun GPP ¢ PAR 6bun paBen -0.95, B centsiope -0.86, B okrsi0ope -0.79, 3a moneBoit ce3on -0.89.
Yucteiit sxocucremubiii ooMen (NEE), anamormuno GPP, Opin HambGonee 3aBucum or PAR. B wmrone
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kodurment koppemsiuu cocraisit -0.91, B centsiope -0.74, B okTsiope -0.71, a 3a Bech MONEBOH CE30H -
0.73.

B JaHHOM HCCJICAOBAHUM HaMHU 6I)IJ'II/I pacCunTaHbl IIOTOKMU YIJICKHCIIOIO rasa C ITOBEPXHOCTU
MOYaXHUHbI Ha OJ'II/IFOTPO(I)HOM 60HOTe, OIIMCAaHbl CE30HHas u CpeaHeCyTo4YHas JANHaAMHUKHU
THJIPOMETEOPOJIOTHYECKIX ITOKa3aTelnel, a TakkKe NpOoBeJAcHA KOIWYECTBCHHAs OLGHKA WX BIHSIHUS Ha
noroku CO,. Haunbonee sipko BBIpa’KEHHOW 3aKOHOMEPHOCTHIO OBIJIO MOCTENEHHOE YMEHBIICHUE BIUSHUS
ruzpoMereoposiorniueckux (axkropo Ha noroku CO, B X0je HaIIlero MOHHTOPHHTOBOTO JKCIIEPUMEHTA,
JOCTHTasi MUHIMYMa KOPPEIISIIUN B CAMOM XOJIOJHOM Mecsiie (OKTsI0pe).
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