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Buinonnenvr  usmepenust uucmozo sxocucmemnozo obmena (NEE) na mouwasicunnom yuacmke 2psoo6o-
MOUAICUHHO20 KOMNILEKCA Oaueompognozo 6oroma «Myxpuno» ¢ pasdeiienuem Ha COCMABNAIOWUE KOMNOHEHMbL.
sanogyio nepsuunyio npooykyuio (GPP) u ovixanue sxocucmemvl (Re.,). H3mepenus nposoounuce 8 meuenue camozo
ménnozo (Uiob), NePexooH02o (CeHmsdpPb) U Camoeo X0A00H020 (OKMAOPb) Mecayes TemHe-0CeHHe20 Ce30HA MemoooM
ABMOMAMU3UPOBAHHBIX Kamep ¢ 30-MuHymHbLM UHMepBaIom. Imo no360aui0 NOAYYUMs NOOPOOHYIO UHGOPMAYUIO O
CYMOYHOM X00e U Ce30HHOU OuHAMUKe nokazameaeu. /[ uccie0o8aHHbIX Mecsiyes o OMOeIbHOCHU U NOAEBO20
Ce30Ha 8 YeloM OCYWeCBIIeH KOPPEISIYUOHHBIIL AHATU3 CEA3U MENCOY 2UOPOMEMEeOPOIOSULECKUMU NAPAMEMPAMYU U
senuyuHou nomokos. s ovixanusi sxocucmemvl (R..,) Haubonee vicokuil yposenb KoOppesyuu 3a ce30H BblsGNEH C
memnepamypoil nousst (0.88), memnepamypou 6o30yxa (0.71) u yposnem b6onomuuix 600 (-0.73); 3a uronv naubonee
cunbHas 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 — ¢ pomocunmemusecku aKmueHoU
paouayuei (-0.59). Banosas nepsuunas npooykyus (GPP) cunvhee 6ceco koppeaupyem ¢ omocuHmemuiecku
axmusrou paduayueti (PAR) — 6 urone xoappuyuenm xoppensiyuu pasen -0.95, 6 cenmsope -0.86, 6 oxmsiope -0.79, 6
yenom 3a noneeoii cezon —0.89. Yucmoiil sxocucmemnwiii oomen (PAR), ananoeuuno GPP, naubonee mecno césszan ¢
PAR. B urone 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 OAsi KaANCO020 PACCMAMPUBAEMO20 MeCAYd GIUAHUE BHEUHUX
Gaxmopos Ha NOMoKU YMEHbUIAECSL C MedeHUeM 8peMenU OMm WSl K OKMAOPI0, 00cmu2ds MUHUMYMA KOppenayuu 6
CAMOM XONO0OHOM Mecsiye.

Knrwouesvle cnosa: Jpixanne sxocucteMbl (R..,); BanoBas nepBuuHas npoaykuus (GPP); uwcTblit sKocHCTEMHBIN
oomen (NEE); ¢orocunretnyeckn axtuBHas paguanus (PAR); LI-8100A; yposenp rpyHTOBBIX BOom (WTL);
aBTOMAaTHYECKUE KaMephl; MyXpHHO; 00J0THBIE 3KOCHCTEeMbI 3amnaaHoil CHOUpHU; KPYrOBOPOT 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 T,y 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
Sfluxes 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.

251



BBEJIEHHME

CoBpeMeHHBIE TI00aNbHBIC KIIUMATUYSCKUE M3MCHEHHsS SBISIOTCS OJHUM W3 Hambolee BaXKHBIX U
3HAYMMBIX SIBIICHMH Ha IUIAHETe, KOTOphie TPeOYIOT yriyOieHHOro u3ydeHuss W aHanmza. OnHOU w3
KITFOUEBBIX MPUYMH W3MCHEHUM KIIMMAaTa SIBJISICTCS yBEMWYEHHUE coaep:kaHusa NMapHUKoBbX 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 MCIIONB3YIOT YIVIEKUCIBIA Ta3 aTMochephl Ui CHHTe3a cOOCTBEHHOM Omomacchl. B mporiecce
(YHKIIMOHUPOBAHUST DKOCHCTEMBI YacTh YIJIEKHCIOrO ra3a BO3Bpamiaercss B aTMmocdepy B pe3ylbTaTe
JIBIXaHUsl OpPraHW3MOB, a 4YacTb — B MPOIECCE JbIXaHWs PEAYICHTOB, YYACTBYIOIIMX B Pa3iIOKEHUH
orMmepieii opranuku. [Ipu atom CO, MOkeT 00pa30BHIBATHECS B PE3yJbTaTE MPUPOAHBIX H aHTPOIIOTEHHBIX
MPOIIECCOB.

CoBpeMeHHBIC aHTPOIOTEHHBIE BBHIOPOCHI YIJIEKUCIOTO Ta3a B OCHOBHOM SIBJISIFOTCSL MPOJYKTOM
CKUTAHUS Pa3IMYHbIX BHJIOB UCKOMAEMOTO TOIUIMBA, TAKUX KaK KAMEHHBIH WM OypbIi yroib, MPUPOAHBINA
ra3 u He)Th, a TaKXKE TBEPJBIX OTXOJOB, IPEBECHUHBI M JIPYTUX OMONOrMYECKUX MarepuanoB. Kpome Toro,
CO, MOXeT BBIICNATHCS KaK MOOOYHBIM MPOIYKT psijia MPOU3BOJACTBEHHBIX IPOIECCOB, HANPUMEp, MPH
IIPOU3BOJICTBE LIEMEHTA. XO3SMCTBEHHAs AKTUBHOCTh YEIOBEYECTBA BO3ACUCTBYET HA YIVIEPOIHBIM LUKIL,
YBEITUYNBast IMUCCHIO TMOKCHJIA YTIIepoa B aTMocdepy Kak HanpsMYylo, 4epe3 yBeJIrnueHrEe BBIOPOCOB ATOTr0
MApHUKOBOTO Ta3a MPU MPOMBIIUICHHOM TMPOU3BOJICTBE, TaK M ONOCPEJOBAHHO, BCIICICTBHE YBEITUUCHHUS
IUIOMAN  JAETPaJAUPOBAHHBIX OKOCHUCTeM. AJbTEpHATHBOW siBisercs cBsa3piBanue CO, 3a  cuér
BOCCTAHOBJICHHUS M YBEIMUYCHUS ILIOIIAIN dKocHcTeM-Tioriotutenei [Prentice et al., 2001; Yoro, Daramola,
2020]. Y ma4HbIM IPUMEPOM BOCCTAHOBIICHHUS TAKMX 3KOCHUCTEM SIBIISIFOTCS pa0OTHI 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 PETHOHAIBHOM, TaK U B
rmodansHOM Maciitabe [Zemtsov et al., 1998]. bonora B eCTECTBEHHOM HEHApyIIEHHOM COCTOSHUH
SABJIAIOTCS HU3KOIPOAYKTUBHBIM cToKoM yriuepoaa (C) ¢ JUIHTENbHBIM NEpHOIOM XpaHeHus' . IIpomecc
nernonnpoBanusi C HecTaOWIIEH: B pa3HbBIE TOJbI OMHH U Te ke 00J10Ta MOTYT OBITh KaK HETTO-CTOKOM, TaK M
HETTO-UCTOYHUKOM YTIIEpOJIa.

BonotHbIe KOCHCTEMBI BBICTYMAIOT BTOPBIME IO 3amacaM yriiepoja Ha 3emuie (Iocje OKeaHa) U
mepBBIMH Ha cymre’. Ilpu Mamoif mmomany, 3aHuMaeMoii Gomoramu (2.84% OT MIOMAXH MOBEPXHOCTH
CYIIN), KOJTMYECTBO TIOYBEHHOT'O OPraHUYECKOro YIiepoja, CBSI3aHHOTO B HHX, COCTaBIsieT ~1/3 or Bcero
MMOYBEHHOI'0 OpraHKYecKoro yrieponaa 3emn [Xu et al., 2018].

Oco0yi0 ponb B 3amacaHuM yrjiepoja WrparT OopeaibHble O00J0Ta CEBEPHOrO MOJYLIAPHUS:
HakorieHHoe kKonnuecTBo C B HUX onenuBaercs B 473 - 621 I't C [Yu et al., 2010]. bonoTHbIe KOMIUTEKCHI
3amagnoit Cubupu 3aHUMAlOT oneHouHo 42% ot obmielt miomaau 6onot Poccun [Vomperskiy et al., 1994;
Sheng et al., 2004]. IIpu 3ToM TeppuTopus 3ananHoir CHOMPH XapaKTEpU3yeTCs BHICOKOM J0el O0JIOTHBIX
9KOCHUCTEM B HATHBHOM COCTOSIHHUHM, 4YTO JeflaeT € WACAIbHBIM OOBEKTOM ISl W3YUCHHS BIIHSHUS
rIo0aNbHBIX W3MEHEHHH Ha OWMOreoXMMHYECKHE IPOLEcChl B OONOTHBIX 3KOCHCTEMax BO BCEM MHpPE
[Zemtsov et al., 1998].

VYrnepoanslii OanaHc Ha3eMHBIX DKOCHCTEM, BKIIOYas OOJIOTa, B OCHOBHOM OIPENENsieTcs ABYMS
mporeccamu: (OTOCHMHTE30M U abixanueM [Bond-Lamberty et al., 2018; Harenda et al., 2018]. OcHOBHBIMU
¢dakropamu, BiustomuMH Ha 1ortokn CO, B OONOTHBIX JKOCHUCTEMAaX, SIBISIOTCS CONHEYHAs pajHaIius
(PAR), Temmepatypa aTMocgepHOro Bo3ayxa U MOYBBI, ypoBeHb OonmotHBIX Boa (WTL) [Miao et al., 2013;
Juszczak et al., 2013; Dyukarev et al., 2019; Makhnykina et al., 2021; Ilyasov et al., 2023]. IIpu 3ToM
YPOBEHb BIMSIHUS THIPOMETCOPOJIOTHUECKIX XapaKTePHCTHK Ha MHTEHCHUBHOCTH YTJIIEPOJHOrO OOMEHa M
CTETeHb JICTEPMHUHAIINHI 3THX CBSI3el J0 CUX MOP HEIOCTATOYHO U3YUCHBI.

Jnst wccienoBaHusl yriiepoqHoro OanaHca HA3eMHBIX 3KOCHCTEM HIMPOKO HCIONB3YyeTcs KaMepHBIN
METOJI, MO3BOJAIONME onenuBath MmoTok CO, ¢ moBepxHOCTH 3KocucTembl [Davidson et al., 2002].
Kamepnpiit Meronm mo3Boiser omneHuBaTh MOTok CO, ¢ TOBEpXHOCTH 3KocHCTeMHI. Ilpm 3TOM,
WCTIONIb30BaHUE CcoBpeMeHHOl aBTomatndeckor cuctembl LI-8100A (LI-COR, CHIA) o6ecneunBaer
MOJTy4YEeHNE BHICOKOUYACTOTHBIX HETIPEPHIBHBIX JIAHHBIX O MOTOKAX YIIIEKHUCIIOro ra3a B TeUeHHEe JITUTEIBHOTO

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

2 Rydin H., Jeglum J. K., Bennett K. D. The biology of peatlands, 2e. — OUP Oxford, 2013. — ITut. mo [Harenda et al., 2018]
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BPEMEHHU, 4YTO TO3BOJISICT OICHUTh CYMMapHOE HAKOIUICHWE YIiepoJa M CYIISCCTBEHHO YIIy4IIUTh
JIOCTOBEPHOCTh BBISBJIICHHBIX 3aBUCHMOCTel Mexay notokamu CO, u akTopamu OKpy»Karomied Cpebl
[Zarov et al., 2022].

Llenpto JaHHOTO HCCleNOBaHUs siBisercss oneHka moTtokoB CO, U BBISBICHHE OCHOBHBIX
THIPOMETEOPOIOrMYECKIX MapaMeTPOB, OKa3bIBAIONIMX BIMSHHE HA OTH MOTOKA B MOYA)KHHHOM YYacTKe
BEpPXOBOro 60j0Ta MyXpHHO.

MATEPUAJIBI 1 METO/1bI

HccnenoBanns MpoOBOAMIMCH HA MEKIYHApOIHOM IOJIEBOM cranuoHape «Myxpuno» [Dyukarev et
al., 2021a], pacmomoxeHHOM B IIEHTpajibHOM yacTH 3amaanoil Cubupu, B 20 KM K F0ro-3amamny ot r. XaHTbI-
Mamncuiicka (XMAO-IOrpa) (puc. 1). KnumaT oTinyaercs BHICOKOM IOBTOPSEMOCTBIO aHTHUIIMKIOHAIBHBIX
YCIIOBHH, OBICTPBIM HM3MEHEHHEM IIOTOJHBIX YCIOBUM, BIQKHBIM, YMEPEHHO TCIUIBIM JICTOM W JIOBOJIBHO
cypoBo#, cHexxHol 3uMoit [Kupriianova et al., 2022].

68.5 69.0 69.5

el

69.0

Pucynok 1. MecromnonoxeHue mojieBoro cranuosapa “Myxpuno”. KpacHBIM TpeyroJsHUKOM 00O03HAYEHO
pacrionoxxeHre HayqHo-nosneBoi craHuuu Myxpuno. Caumok Landsat 8 (NASA, CIIA).

H3MmepeHre MOTOKOB JWOKCHAA YTiiepoJa MPOBOAMIOCH B MOYaXKHHHOM YYacTKE BEpPXOBOro 0oiora
MyXpHHO, TIOKPBITOM XapaKTepPHBIMH OCOKOBO-IICHXIIEPUEBO-CPAarHOBEIMH H  ITYIIHIIEBO-OCOKOBO-
c(harHoBbIMH COOOIIIeCTBaMH. B TpaBsHOM sipyce JOMUHUPYIOT mieixiepus (Scheuchzeria palustris), ocoka
(Carex limosa), HEeCKOIbKO BHJOB NyIMubl (Eriophorum russeolum, E. vaginatum) m pocsHka (Drosera
rotundifolia, D. anglica). B MOXOBOM MOKPOBE JOMHUHUPYIOT HECKOJIBKO THAPOPHIbHBIX BUAOB C(harHOBBIX
MxoB [Kupriianova et al., 2022]. KamepHas cuctemMa Oblla YCTaHOBJCHA Ha OJHOPOJHOM Yy4YacTKe
Mouaxunbl (60.893351 c.m1., 68.682618 B.1.) ¢ noMmunupoBanueM Sph. balticum, C. limosa v Scheuchzeria
palustris ¢ mpucyTcTBUeM Kodek mymmusl (E. vaginatum) mo nepudepun. PacTUTenbHBIN MOKPOB ObLI
MPENCTaBIEH MAKCUMAIBHO OTHOPOAHBIMU U CXOKUMHU ydacTKaMHu (pHC. 2).
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Pucynok 2. Kamepa LI-COR 8100-104c, pazmenieHHasi Ha MOYaKMHHOM ydacTke MyXpHHO.

Usmepenne morokoB CO, mpOBOAWIOCH MPH TOMOIIM CTaTHYECKOTO KaMEpHOTO MeToAa C
KCIIOJb30BaHMEM TMOpPTaTHBHOM aBToMatnmyeckoil cuctembl LI-8100A (LI-COR, CIHA). HccnemoBanus
MIPOBOJMJIMCH NP TIOMOIIH 4-X aBTOMaTHYECKUX KaMmep: 2-X Kamep U3 Mpo3pavyHoro marepuana (moxens LI-
COR 8100-104c), nmpemHasHaueHHBIX I W3MEpEHHsS YuCTOro skocucremHoro obmena (NEE, Net
Ecosystem Exchange), u eme 2-x — u3 HempospayHoro wmatepuana (Momenb LI-COR 8100-104),
u3Mepsiromue  apixanue dkocucreMbl  (Re., Ecosystem Respiration) (puc. 3). OnxHOBpeMeHHOE
WCIIONIb30BaHNE MPO3PAYHBIX M HENPO3pauHbIX KaMmep MO3BOJIMIIO OmeHHTh 1moToku CO, B sKocucTeMe B
pe3ynbTaTe IbIXaHus PACTeHUHN, )KUBOTHBIX B MUKPOOPTaHU3MOB (R..,), HTeHCHBHOCTH nornomienus: CO, B
nporiecce porocuntesa (GPP), u uncteiit ooMeH 3xocucteMbl (NEE), KOTOpBIH cocTaBiseT pa3HOCTh MEXIY
ckopoctsamu norjionierus (GPP) u Beinenenus yriiekucioro rasa (Re). s yMeHbIIEHUS MOTEHIIHATBHOTIO
HEraTUBHOTO HapyIIAIOIIEro BO3JACUCTBUS MAaHUMYJISIMI HAa UCCIEAYEMYIO MTOBEPXHOCTh, HA MOYAXUHHOM
y4JacTke 000Ta ObUT YCTaHOBIICHBI JICPEBSHHBIE MOCTKH.

Namepenust npoBoAWIUCH ¢ 14 urosis o 22 okTsaopst 2021 1., yTOOBI 0XBATUTh MEPUOI MAKCUMAJIbHOM
aKTUBHOCTU (POTOCHHTE3a — BIUIOTH JIO TIEPHOAA yCTAHOBJIEHHS CTAOWIIBHOTO CHEKHOTO TOKpOBa. Bpems
9KCIO3UIINH JJIs BCceX Kamep cocTaBisio 2 MuH 30 ¢, ¢ BBIXOJOM Ha MOBTOPHOE M3MEpPEHHE A KaxIon
Kamepbl pa3 B 30 MuH. Il10mans OCHOBaHMIA PO3PAYHBIX M HEMPO3PAUHBIX KaMmep cocTapisuia 317.8 cv?,
o0beM Tpo3padHbIx Kamep 3876.0 cM’, Hempospaunbix 4076.1 cv’. TIpu 06paGoTKe Pe3y/IbTATOB MOIEBBIX
W3MEepEeHHid OBUIM BBISBJICHBI MPOIMYCKU. 3a aBryCT MPOMYCKH B JIAHHBIX OBLUTH CBS3aHBI C HECTAOHMIIBLHOM
rojiaveil AIEKTPOIHEPTHH — U3 BCETo psa 3HAaUEHUIN M3MepeHHs TOKPHIBAIOT MEHee YETBEPTH BCEro MecAla,
YTO HE XapaKTepU3yeT IMOTOK 3a MaHHBIN nepuon. [Iporycku maHHBIX 3a 21-24 CeHTAOps ObUIM BhI3BAHBI
HU3KUM 3HaueHHeM Kod((]uIMeHTa NETePMHHALIMKM IPH PacdyeTe MOTOKOB, YTO MOXKET OBITh CBS3aHO C
MTOXOJIOJJAHUEM U BBITaIECHUEM OCaJIKOB.
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Pucynok 3. Cxema pacrionoxeHus KaMep Ha MOYa)KUHHOM yJ4acTKe BpXOBOl"O 6omnora Myxpuno (NEE —
po3pauHbie Kamepsl; R, — Hempo3paunbie kamepsl). (Doto — https://www.youtube.com/watch?v=hwWpGskAkYT).

Pacuer 1noTOKOB mpoM3BOAMIICA C IOMOUIBIO JIMHEHHOM MOJEIM €  HCIOJIB30BAHUEM
crienuanu3upoBanHoro nporpammuoro ooecredenust LI-8100 File Viewer 3.0.0 (LI-COR). [l oOpaboTku
W BU3yallM3allMy JAHHBIX UCIIONb30BaJKCh MAKETHI s3bIKa mporpammupoBanus R: dplyr [Wickham, 2023],
ggplot2 [Wickham, 2016], lubridate [Grolemund, Wickham, 2011]. [yns yBeaudeHus CTaTUCTUYECKOH
JIOCTOBEPHOCTH PE3YJITATOB W3MEPEHHU TIONyYeHHBIC 3HAYEHHUS TIOTOKOB YCPEIHSUTUCH IIOMapHO M
exedacHo. [[ns kaxnoro yaca B kadyecTBe olleHKM NEE HcIonb30BaJIoCh 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, ONPENCICHHBIX JIJIS
npo3pavyHbiXx u HenpospadHbix kamep GPP=NEE-R.. [Connolly et al., 2009]. dns nanpHE1Iero anammsa
ObUTM OTOOpaHBI TOJNILKO TE€ PAacdeThl YAENBHOr'O IMOTOKA, Ui KOTOPHIX KOX(QQUIMEHT JeTepMHHAIINH
JTUHEHHON perpeccun u3MeHeHus: koHneHTpanun CO, B kamepe Obut Bhime 0.5. Takoit BBIOOp 00ycliOBIICH
OTCYTCTBHEM 3HAYUTEIBHBIX IIYMOB B JAHHBIX M3MEPEHUSAX U BBICOKHUM YPOBHEM COOTBETCTBHS JIMHCHHOM
MoJien 3a(UKCUPOBAHHBIM 3HAYEHHWSM KOHIEHTpauui. Jlas BBISBICHHUS 3aBHCHUMOCTEH IOTOKa OT
THAPOMETEOPOIOrMUECKUX apaMeTpoB ObLI BbIOpaH MeToj paHroBoil koppemsuuu Crupmena (p=0.05).
Ces3p motokoB CO, W THAPOMETEOPOJIOTHUECKMX MapaMeTpoB ONpeaensiach Ha OCHOBE JaHHBIX,
yCpenHEeHHBIX 3a 30 MUHYT.

I'uapoMeTeoponornueckiue XapaKTepUCTHKH ObUTH  MOJTYYEHBI C TIOMOIIBIO  aBTOMATHYECKOM
mereoctanimu [Dyukarev et al, 2021b]. IlepedeHr mapameTrpoB M MOJEIb H3MEPHUTEIBHBIX MPUOOPOB
npezcTaBieHa B tadm. 1.

Ta6auua 1. [TepeueHs mapamMerpoB U 000pyIOBaHUS, HCIIOIH30BAHHBIX B UCCIICIOBAHUH.

Ne I'uapoMeTeopoIoruieckue XapakKTepUCTHKH HaymeHoBaHUe NaTInKa TouyHOCTH
1 YpoBeHb OOJIOTHBIX BOJ HOBO U20L-02 (CILA) +0.2%
2 BrnaxxHocTh BO3yxa Ha BHICOTE 2 M Rotronic HC2A-S3 (IlIBeituapust) +0.8%
3 Temnepatypa Bo3/lyxa Ha BbICOTE 2 M Rotronic HC2A-S3 (IlIBeftuapust) +0.1°C
4 Temnepatypa 1o4BbI Hukseflux STPO1 (Hunepnanmpr) +3%

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

7 DOTOCMHTETUYECKH aKTUBHAS pajualus LI-COR LI-190R (CIIA) +5%
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PE3VYJIBTATBI

Ha pucynke 4 npuBeeH CyTOYHBIH XOJI OCHOBHBIX METEOPOJIOTHYECKUX MapaMeTpoB, OCPEAHECHHBIN
A1 KaKAOro Mecsua uccinenopanuid. s cyroynoro xoza temnepaTypbl Bosayxa (Ta,) (puc. 4A) Obin
XapaKTepeH MUHUMYM B HOYHBIC M YTPEHHHE 4Yachl, MAKCUMYM — B JIHEBHBIC Yachl. B ceHTsI0pe cyTOYHBIH
x0J T,y ObLT GOee MIaBHBIM, YEM B OCTaJbHBIE MECSLBI, C MEHbIIEH aMILIUTY0H KonebaHUil B TeueHue
CyTok. B okTs0pe B HOYHBIE 4Yachl (UKCHPOBAJICS TIEPEXOJl TEMIIepaTypbl BO3AyXa 4epe3 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 (8 15:00), B ceHTs10pe
+10.1°C (B 15:00), B okTs10pe +3.8°C (B 14:00).

Temnepatypa mouBbl Ty (puc. 4B) xapakrepu3oBajach MUHMMAJbHBIMM 3HAUCHHSIMH B YTPEHHHUE
4yachl, MAKCUMaJIbHBIMH B CEPEAMHE JHS M CHIDKCHHEM TEMIIepaTypbl K Beuepy U HOuUblo. B OkTs0pe
aMILUTUTyla CYTOYHOTO XOJa TeMIIepaTypbl TMOYBBl CHIDKANAch, JWHAMHKa CTaHOBHJIAch Oojee
«CTTIAKEHHOW», C HEOONBIIMMU KOJIICOAHUSMHU B TeUeHWE AHsA. MUHHMaNbHbIE 3HAUYeHHS 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).

dorocunrernyeckn aktuHas paguanus (PAR) (puc. 4C) B urone xapakrepu3oBaiach 0oliee BHICOKOH
WHTCHCHBHOCTBIO pajJiMallil B CepeluHe JHsA. B ceHTsOpe W OKTAOpe YpOBEHb pajMalid CHU3HIICS.
3nauenuss PAR yBennumBanuch B yTpeHHHE 4Hachl M jpocturanu Makcumyma B 11:00-12:00, mocme gero
TIOCTENEeHHO yMeHbmanuck. Cpeaane 3HaueHuss PAR B monaenp ais wions coctaBmin 821 MKMOIb M,
ISt cenTsAops 448 MxmMonb m7c”, s okTAOpPsA 295 MKMOnb M.

OtHOCHTENbHAs BIAXXHOCTh Bo3ayxa (puc. 4D) mmena BBICOKHME 3HAUYEHHUS B YTPEHHUE M HOYHBIC
Yachl, CHIXasich K cepenuHe aHsA. Jnama3oH konebaHWi OTHOCHUTENHHOM BIIAYKHOCTH B TEUEHHE CYTOK B
HI0JIe U3MEHsIICS B mpenenax oT 58 10 93 %; B ceHTs0pe — oT 69 110 95 %; B okTs10pe — oT 71 10 91 %.
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Pucynok 4. Cpenuuii CyTOYHBIH X0l METEOPOIIOTHYECKUX [IAPAMETPOB 3a HMIOJb, CEHTIOpb, OKT0ph 2021 roma. A —
TemIiepaTypa Bo3ayxa; B — Temmneparypa nousbl; C — (DOTOCHHTETHUECKHM aKTUBHas paauanusi; D — oTHOcHTenbHas

BJI&KHOCTh Bo3ayxa. KoHTypom Ha pucyHkax A, B um myHktHpoMm Ha pucyHkax C, D o0o3HaueHO cTaHmapTHOE

OTKJIOHEHHE; KPacHBIH ITyHKTHP Ha pucyHke A o6o3zHauaer 0 °C.

Cpennuii cyrtounblii xo1 R, (puc. 5) B HI0oe XapaKTepH30BaJCS HAMOOJBIIMMH 3HAYCHHSIMH B
CBETJIOE BpeMsi, MAKCHMabHOro 3HaueHus notok CO, nocturan B 11:00 (1.44 mxmons m>c). Jlns centsaops
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W OKTSIOpS CyTOYHast AMHAMUKA R, Obla cnaboBeipaxenHoii. HanGonpmmas smuccust CO, Oblia xapakrepHa
JUTS. BEYEpHEro ¥ HOYHOTo BpeMeHu. MakcuMyM R, B cyrounom xoje Habmronancs B 19:00 (0.47 MkMonb
m2c) st centabps u B 00:00 (0.17 MxMonb m>c™) st OKTAGPSL.

Cpenuuit cyrounsiit xon GPP (puc. 5) nmen BbIpa)keHHBIM MaKCUMYM TIOTJIOIIEHHS B CBETJIOE BPEMS
IpU MaKCUMalnbHON paauanuu, 1 uronst — B 11:00 (-3.47 mxmons m7c’), anst centsadps — B 12:00 (-1.53
MKMOMb M2c), mns okrsa6ps — B 11:00 (-0.45 mxmons m7c!). IMornomenue CO, u3z armocdepsl (GPP) B
3aBHCUMOCTH OT MeEcCSIla XapaKTepH30BaJICsS Pa3HOM MPOJOKUTENBHOCTBIO B T€UEHHE CYTOK (pHC. 5), 4TO
OBUTO CBSI3aHO C COKpAalllecHUEM CBETOBOTO JHS K OCEHH. B HIoJe TOrJolIeHHe YIIIEKUCIOro Trasa
Habmonanock ¢ 4:00 go 20:00 (16 gacoB), B certssope — ¢ 5:00 mo 18:00 (13 yacos), B okTsa6pe — ¢ 7:00 mo
17:00 (10 gacos).

Hns cyrounoro xoma NEE (puc. 5) B maHeBHOe Bpems mpeoOiaman mporecc moriomieHus CO,
(GPP>R,,), Torma kak B HOYHOE BpeMs AOMUHHUPOBAJI Ipollecc dMUccun yriekucnoro raza (GPP<Rc).
Makcumanbraoe 3HaueHue 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 3Hauenne NEE B
utone coctaBuao -2.03 mMxmons m2c' B 11:00, B centsabpe: -1.01 mxmons m>c’ B 12:00, B okTs6pe 0.39
mMkmonb m¢” B 11:00.
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Pucynok 5. Cpenuuii cyrounsiii xon motokoB CO; 3a uroib, CeHTSIOpb, OKTsI0ps 2021 roma. KpacHbiM
ITYHKTHPOM 0003HAYEHO CTaHJAPTHOE OTKIOHEHHE Re.o, Y4EPHBIM MYHKTUPOM — cTaHnapTHoe oTkinoneHne NEE.

CpaBHHTENBHOE H3YYEHHE CE30HHOW JMHAMHUKH THAPOMETEOPOIIOTHICSCKUX XapaKTEPHCTUK U TIOTOKOB
VIJIEKUCIIOTO Ta3a MPOBOIMIOCH M0 BPEMEHHBIM PsiiaM CPEIHUX CYTOYHBIX 3HaueHWd. CpenHsis cyTouHas
TeMIiepaTypa Bo3/lyxa U MOYBBI 3aKOHOMEPHO CHIKajlach C Havaja MIOJs J0 KOHIA UCCIIeyeMOro rmepruoaa
(puc. 6A). [NonoxxuTensHBIE CPEAHNE TEMITEPATYPHI BO3/IyXa HAOIIOIANHCH HAa TIPOTSHKEHUH BCETO MEPUOIA,
3a MCKIIoUYeHneM OKTI0ps. Camasi BBICOKasl CpeHssl CYTOYHAs TeMIIepaTypa Bo3ayxa Oblia 3aUKCHpOBaHa
1 utons (+26.5°C), a camas Huskas — 31 okTs0ps (-12.4°C). Haubonblast cpenuss cyTroyHas TeMIepaTypa
nouBsl (puc. 6B) Obua 1 wutons (+22.1°C), naumensmas — 31 oktsa6pst (-1.7°C). Benmunnasr PAR Taxoke
CHIDKAJINChH B TEUCHHE JIETA U OCEHH: MAaKCHUMAaJIbHOE CyTOUHOe 3HadeHue (puc. 6C) mpunuioch Ha 8§ HIOS
(523 mxmonb m*c!), MunuManbHoe — Ha 28 okTAOpsA (21 Mkmons m>c’). JluanazoH koneGaHuil cpemHein
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CYTOYHOW OTHOCHTEIBLHOM BJIXKHOCTH Bo3ayxa (puc. 6D) B urone u3MeHsuics B npenenax ot 61 mo 94 %; B
ceHTs0pe — oT 58 10 99 %; B okTAOpe — OT 66 10 99 %. HaubonpIee KoaM4ecTBO aTMOC(HEPHBIX OCAIKOB
(RA) (puc. 6E) Bemmano 17 centsOps (24.6 mm). B urone ObII0 3aperuCTpUPOBAHO BHINAJICHUE OCAJKOB B
Teuenne 14 cyt, B ceHTI0pe — 25 cyT, a B okTs10pe — 17 cyt. B urone WTL mocrenenHo noHmxkanics ot 6 a0 8
CM, KpPaTKOBPEMEHHO IOBBIIIASACh HAa HECKOIBKO CM Tociie aoxkjaend. B teuenune aBrycra WTL Ttaxxe
CHIDKAJICS, IOCTUTHYB MUHHUMAJIBHBIX 3HaueHuid 11 cM 9 ceHTs0ps, mocie 4ero moj BIUSHUEM OOHMIIBHBIX
atMochepHbIX ocankoB (puc. 6D) WTL ObIcTpo yBEIWUYHIICS, TOCTUTHYB CBOErO MHKa HAa YPOBHE -3 CM
(YpoBeHb BOIIBI HaJ MOBEPXHOCTHIO OonoTa) K 22 ceHTsaops. [locne 22 ceHTSOpsi ¢ yCTaHOBICHUEM CYXOW
npoxianHoi morogsl WTL momén Ha cnax, mocturHyB MuHuMyma 11 okrsaops (1 cm). [duHamuka
aTMoc(epHOro JaBlIeHHS XapaKTepHU30Balla CHHONTHUECKYIO CUTYAI[HIO B MEPUOJ UCCIEAOBAHUN M YacTYIO
CMEHY IMKJIOHOB M aHTHUITMKIIOHOB, IIPOXOSIINX HAJl PETHOHOM HccienoBanus (puc. 6G).

A W Cosientips Cxietipn 1] Wi Cawntps Cxrmlipy

iy ° -
M Caurufipn OeTatpe Him. CowTatpn, et

. -

froes T
¢ " - i F =
brw Caratipn Covsligm o Camiralipn. Owratgs.

o

Dot
(Y Cawraipn Owrirign.

Pucynok 6. Cpennvie cyrouHble 3HAYEHUS THIAPOMETEOPOJIOIHYECKUX IAPAMETPOB I HIOJIS, CEHTSOps,
okTsi0pst 2021 1. A — Temneparypa Bo3ayxa; B — remneparypa noussr; C — (GOTOCHHTETHUECKH aKTHBHAs paxuanus; D —
OTHOCHTENbHAsE BIaXHOCTh Bo3nyxa; E — cymma atmoctepHbix ocaakoB; F — ypoBeHs OomotHbix Boxm; G —
atmocepHoe naBieHne. Konrypom Ha pucyHkax A, B, F, G u nyakrupom Ha pucynkax C, D o603HaueHO cTraHmapTHOE
OTKJIOHEHHE; KpacHBI MYHKTHp Ha pucyHke A obOo3Hauyaer 0 °C; romyOoi myHkTHp Ha pucyHke C oOo3Hayaer
MUHUMAaJIBHYIO 1 MaKCUMAJIbHYIO CYTOYHYIO HHTEHCUBHOCTh PAR.

Bcero Obuio mposemeHo 1711, 2625 u 1597 wusmepenuit R., B Hroie, CEHTAOpe U OKTAOpeE,
COOTBETCTBEHHO (Taby. 2). HamOonbpmias cpemHssi CyTOYHas CKOPOCTh 3KOCHCTEMHOIO JABIXaHHMS Reco
MPHUXOANTIACh Ha TPEThIO Jekany urons (19 uiomst), K TOCIEIHUM YHCIaM OKTIOpS JbIXaHHE YKOCHCTEMBI
JIOCTUTJIO CBOEr0 MUHUMYMa B To10BOM xoje (puc. 7). Cpennee 3Hadenue R, B utone cocrasuio 1.05+0.25
Mkmonb m¢”, B centsibpe 0.43£0.24 Mmxmonb m7c’, a B okTsa6pe 0.13+0.01 Mxmons m>c” (Tabm. 2).
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[luk wHTEHCHMBHOCTM (OTOCHHTE3a OBUI 3aperHCTpUpOBaH 22 WIONs, KOT/Ia PacTHUTENbHOCTh
rorsionaia Hanoonbiee koaudecTBo CO, (puc. 7). [locne 22 utons nmpoucxoaui nocTeneHubii cnag GPP,
CKOpOCTH TMOTJIONIEHUS TUOKCHA YTIlepo/ia B MOCIEAHHUX YHCIaX OKTSIOps CYIIECTBEHHO CHHMXKANlACh, HO HE
oryckanach A0 Hyis. Hamuuue ¢orocnHTe3a Ha MOYaXHHE OMUTOTPOGHOr0 00JI0Ta Jaske MO3HEH OCCHBIO
W TIPY HU3KUX TEMIIepaTypax BO3yXa, BEPOSTHO, ObIIIO 00YCIOBIEHO aKTUBHOCTBIO C(DarHOBBIX MXOB.

UMCTBIM SKOCHCTEMHBIH OOMEH (pHC. 7) KaXJable CYTKM HIOJS OBbLI OTPUIATEIBHBIM, TEM CaMbIM
MOTJIONIEHNUE YIIIEKHCIIOr0 Ta3a W3 aTMoc(epbl eXeIHEBHO JOMHHHUPOBAIO HAJ €ro BbyIencHUeM. B
CeHTSI0pe TOIJIOIICHUE 3KOCUCTEMON IBYOKHMCH yriiepoaa mpeodbiamano a0 10 ceHTsOps, mocie d4ero
HaOJIIOIAIMCh KaK OTpUIATEeIbHbIC, TaK M HojokuTenbHbIe 3HaueHuss NEE. B 3ToT nmepuoa mpoucxoauio
BBHINAJICHUE 3HAYUTEIBHOTO KOJIMYECTBA aTMOC(EPHBIX OCAJKOB, CHIKCHHUE TEeMIepaTypbl BO3Iyxa M
WHTCHCUBHOCTH COJTHEYHOM paJMalliy, YTO MPHUBENIO K MEPEKITIOUEHHIO YKOCHCTEMBI ¢ (YHKIIMU CTOKa BO
BpeMmeHHbIH ncTouHuK CO,. B oKkTsA0pe unciio AHel, Koraa 3KOCKCTeMa BBICTYIIAa B POJIM CTOKA yIiiepoaa,
YMEHBIIWIOCH, B OONBIIMHCTBE JHEH NpPEBaJIMpPOBAIO BBIJEICHUE yrileKucinoro rasza. [lo cpemHum
MeCSUHBIM 3HAUEHMsM TIOTJIOIIEHHE JMOKCH A yrieposa npesanuposano B urone (-0.53+0.13 mxmons m2c’)
u centaope (-0.11£0.18 mxmonb mc™), B okTsa6pe (0.02+0.04 Mxmonb m*c) npeobnanano suigenenue CO,.

Maxkcumanbaoe uncio usmepenuit NEE (tabmn. 2) Oblio mpoBeneHo B ceHTs0pe (2584), HauMeHblliee — B
utoie (1709).
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Tabauna 2. CraTucTHUecKHE XapaKTEepPUCTHKU H3MepeHud mnotokoB CO,: 4HMcI0 H3MepeHHi,
WCIIONB30BaHHBIX IS ocpenHeHus (n), cpeaHee 3HadeHue (X) + cranpapTHoe orkioHeHue (STD),
MakcuMaiabHoe (Max), MunuManbHoe (Min) cpefHee cyTodHOE 3Ha4YeHHE 3a Mecsll. [10TOkM MpUBEACHbBI B

2 -1
MKMOJIb M C .

Hroms CeHTs10pb OkTs10pb

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 CrniupMeHa TO3BOJHI ONPEACIUTh CBA3b MEXKIY THAPOMETEOPOIOTHYECKUMH
napamerpamud U notokamu CQO,. [yt 3TOro 3a KaxKIbplid Mecsl] MCCIEAOBAaHMH U 32 CE30H B IIEIOM ObLI
BBIUUCIICH KOI(QUIMEHT KOPPeIAMU MEKIy TIOTOKAMH YIJEKHCIOro ra3a W KakIbIM W3
THAPOMETEOPOIOrHUECKUX IapaMeTpoB (Tadm. 3).

Ha R, HauOonbpliee BIHSAHWE B HUIOJNIE OKa3bIBAIM TeMIleparypa BO3[AyXa W MOuYBHl (Tabm. 3); B
CEHTS0pe — TeMIlepaTypa MOYBbl U YPOBEHb OOJNIOTHBIX BOJ. B OkTsA0pe, Korma cyrouHas BapuaOeIbHOCTh
TEeMIIepaTyp CHHU3WIACh, HauOoynee 3HAYMMBIM (akropom it R, okazancs PAR (-0.59). Crenenn
koppemsauu R, ¢ Tay ¥ Tl B HroJe Oblla BBICOKOW: ueM BbIlIe OBUIM TEMIEPATyphl, TeM Oojblle -
BBIJICNICHHE DKOCUCTEMON YTIIEKUCIIOro Ta3a B aTMocdepy. DTO coriacyercsi C U3BECTHBIM I10 JIUTEPaTypPHBIM
JaHHBIM (haKTOM YBEIHYCHHUS aKTHBHOCTH MUKPOOPTaHM3MOB IIPH TOBBIIICHUH TeMiiepaTypbl [Nikonova et
al,, 2019]. B centa6pe BmusHue Ty (0.81) m WTL (-0.78) yBenuumnoch, a BiusiHuE T, (0.54) -
yMeHbIIMIOCh. CTelmeHb KOPpeNsIUN JTHX IapaMeTpoB C Rg, B ceHTI0pe Tarxke OblIa BBICOKOH.
[Ipennonaraercs, yro cuiabHoe BiusHue WTL (-0.79) Ha moTok Re., B CEHTIOpe MOXET OBITh CBSI3aHO C
pe3kum nogbemoM WTL (puc. 6F), KOTOpbIil MOr IPUBECTH K HAPYIIEHUIO ONTUMYyMa >KM3HEAesTeTbHOCTH
MHUKPOOPTaHM3MOB. AHAJIOTUYHOE TIOBEACHUE MOTOKOB ObLTO0 00HapYXkeHo it 6o10T CeBepHOH AMepHKH
[Miao et al., 2013]. B okTs10pe HanGonblee BiaustHAE Ha R, OkasbiBana PAR (-0.59), crenens koppensunn
CpeIHSS OTPUIIATENIbHAS; TIPH ATOM Koppesiius mokasarens ¢ PAR B utojie Oblia ¢i1aboii MOJI0KUTEIbH OM.

Haunbonbmas xoppensiuust ansi GPP (tabn. 3) Obuia momydeHa ¢ (OTOCHHTETHYECKH aKTHBHON
paavanmeil s BceX MecsieB uccnenoBaHus. YpoeHb koppemsuun GPP ¢ PAR 3a Bce mecsis
KBaJTMQHIIUPOBAJICS KaK BbICOKUI. OOpaTHast KOppesius 00yclOBIeHa TeM, 4To ¢ yBieueHneM PAR pacrér
noryomienue CO, (orpunarenshbiii motrok GPP). PAR sBisiercss kirodeBbIM (DaKTOpOM, BIIUSIONIMM Ha
(OTOCHHTE3 pacTeHUM, KOTOPBIM, B CBOIO Ouepellb, BIMSACT HAa UX CIOCOOHOCTh accumunupoBatb CO, u
npousBoauth GPP. [Ipu yBennuenun nateHcuBHOCTH PAR, pactenns yBeaTrmuuBaIOT CKOPOCTh ()OTOCHHTE3A
1 ObIcTpee CBSA3BIBAIOT YIIIEKUCIIBIN Ta3 U3 aTMocdepsl, uto yBenuunsaer GPP.

Haun6onemee Bnusiuue Ha NEE B utone, B ceHTs10pe u okTsa0pe okassiBasia PAR (-0.91, -0.74 u -0.71
COOTBETCTBEHHO) (Tabiu. 3). YpoBensb koppensiuu ¢ PAR B urone OblI OYCHb BBICOKHMM, a B CEHTAOpE U
okTsi0pe — BoicokuM. Korma PAR yBenmuumBaercsi, pacTeHusl aKTHBHEE HCIONB3YIOT YITIEKHCIBIN ra3 Juis
CHHTE3a OpraHWyYeckoro BemiectBa, M BeawmuuHbel GPP Bo3pacraioT, 4T0 NPUBOAUT K YBEIHYCHUIO
orpurniarenbHoro moroka NEE. C apyroii ctoponsl, korna ypoBeHb PAR cHIDKaeTcs, pacTeHHS CTaHOBATCS
MEHEee aKTUBHBIMH B Mporecce (HOTOCHHTE3a, YTO MPHUBOAUT K IMPEBAJUPOBAHUIO R, M YBETUYECHUIO
MOJIOKUTENBHOTO oToka NEE.

Pacuer ko3(pOUIMEHTOB KOppensluu IO JaHHBIM 32 BeCch IMOJEBOM CE30H IOKAa3bIBAaET, YTO
HawTydIas cBA3b A R, BeIABIEHa ¢ TemnepaTypoit moussl (0.88), Temmeparypoii Bozayxa (0.71) u WTL
(-0.73). Haubomnsiuee Bnusaue Ha GPP (-0.89) u NEE (-0.73) oka3biBasia PAR.
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Taomuuma 3. Koppemsmua  Coupmena  (p=0.05):  cBA3bp  TOTOKOB  YIVIGKHCIIOIO raza |
ruapoMereoponoruueckux (akropoB. Temmepatypa Bosayxa (T, Temmepatypa mouBbl (Tg),
¢dorocunTernueckn aktuBHas pamuanus (PAR), atmocthepubie ocamku (RA), BaaxkHocth Bozayxa (RH),
atMochepHoe namieHue (AP), ypoBerb 0600THBIX BoA (WTL), 4nCI0 MCIIONB30BAHHBIX JIJIS KOPPEIAILIUU
3HAaYEHHH MTOTOKOB (n).

Koapdpuunent 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 BBICOKAUM BPEMEHHBIM
paspemenrieM (Kaxnable 30 MHH), MPEJOCTAaBIIIM JIOJITOBPEMEHHBIM JTOCTOBEPHBINM HAOOp MAaHHBIX IS
aHamm3a morokoB CO, Ha MOYaKMHHOM Yy4acTKe OJHroTpodHOro Oomora MyxpuHo. Pe3ynmbrath
MOHUTOPUHTA OBUIM WCIIONIL30BAHBI JUIS aHAJM3a BIUSHUS THIPOMETEOPOJIOTHYECKUX MapaMeTpoB Ha
MOTOKH JTMOKCHJIA YTIIepoa.

Haubonbiiee 3HaueHune apIxaHus SKOcUCTeMBbl (R.,) B CyTOUYHOM XOze, OCPEIHEHHOM JUIsl HIOJI,
66110 onyueno B 11:00 (1.44 mxmons M7c™), s centadps — B 19:00 (0.47 mxmonb M>c™), 11 oKTAOpS — B
00:00 (0.17 mxmonb mM>c"). MakcumyM BasioBoii niepsudHoi npoaykuuu (GPP) 3a Bece MecsIbl HaGmrOAaICs
B quanaszone 11:00-12:00: B mrone — B 11:00 (-3.47 mxmonb m7c’), B centsiope — B 12:00 (-1.53 MxMmonb
m>c"), B okTa6pe — B 11:00 (-0.45 mMxmons m~c). K oceHH yMeHBIIMIACH MPOJOKUTEILHOCTD EPUOIA €
HEHYJIeBBIMHU 3HaueHUsIMU 1oToka GPP B TeyeHue JHsI, a Taxke aMIUIMTYAa CyTOYHOro xona. Hambomnbiee
3Ha4YeHUe cpeHero cyrouHoro noroka CO, Ut Bcex mokaszareneii ObUTo B HIOJIE, HAaMEHbIIIEe — B OKTSOpE.
B uncrom skocucremuom oomene (NEE) mormnomienue npepanuposaio ¢ 14 uross 10 9 centsops. Haunnas ¢
10 ceHTSOpst BCTpEUAIOTCS JHHU, TJ¢ JOMHHAPOBAIO JBIXaHHE IKOCHCTEMBI.

[lo pesymbraTam KOPPENSIMOHHOTO aHalii3a OOHAPYKEHO, YTO HaWIydllas CBS3b 32 CE30H JIs
JBIXaHUs dKOCUCTEMBI (R..o) mposBisiercst ¢ Temmepatypoit moussl (0.88), Temmneparypoit Bozmyxa (0.71) u
ypoBHeM OomnoTHbIX Bon (-0.73), dYro 0O0ycnoBIeHO (OPMUPOBAHHEM ONTUMAIBHBIX YCIOBHH JUIst
KHU3HEIEATEILHOCTH MHKPOOPTaHU3MOB, (OPMHUPYIOIIMX IOTOK TeTePOTPOPHOro AbixaHus. B wurome
HawTy4inas Koppensius Re., HaOmroaanacey ¢ Temreparypoit Bo3ayxa (0.70) u remmneparypoit moussr (0.68),
B ceHTa0pe — c Temmeparypoii mouBbl (0.81) m ypoBHem OomorHbix Box (-0.78), B okTsa0pe — c
¢doTocuHTEeTHYECKH aKTUBHOM pamuaimer (-0.59). Banopas mepeuunas npoxykuus (GPP) mydiie Bcero
KoppenupoBajia ¢ (poToCMHTeTHYeCKH akTUBHOM panuanueii (PAR) Bo Bce Mecsinbl. B utone xoadduireHt
koppensiiui GPP ¢ PAR 6bun paBen -0.95, B centsiope -0.86, B okrsi0pe -0.79, 3a moneBoit ce3on -0.89.
Yucteiit sxocucremubiii oomMen (NEE), anamormuno GPP, Obin nambGonee 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 HCCJICJOBAHUU HaMHU 6I)IJ'II/I pacCunTaHbl IIOTOKM YIJICKHCIIOIO rasa C ITOBEPXHOCTHU
MOYaXHUHbI Ha OJ'II/IFOTPO(I)HOM 60HOTe, OIIMCAaHbl CE30HHas u CpeaHeCyTo4YHas JANHaAMHUKHU
THJIPOMETEOPOJIOTUYECKIX IOKa3aTeNnel, a TakKe MpOBEJAcHA KOIWYECTBCHHAs OLGHKA WX BIHSIHUS Ha
noroku CO,. Haunbonee sipko BBIpa’KeHHOW 3aKOHOMEPHOCTHIO OBIJIO MOCTENEHHOE YMEHBIICHUE BIUSHUS
ruzipoMereoposiornieckux (akropo Ha norokn CO, B X0je HaIIero MOHHTOPHHTOBOTO JKCIIEPUMEHTA,
JOCTHTasi MUHIMYMa KOPPEIISIIUN B CAMOM XOJIOJHOM Mecsiie (OKTsI0pe).
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