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tuposarb meron EMOMII3 ist reokpruoionrndeckux u3bickanuii. KomiuiekcHoe ucciienoBaHue arMochepHo-
JMTOC(EPHBIX CBSA3EH, IIMPOTHBIX 0COOCHHOCTEH (POPMUPOBAHUS HIIEKTPOMATHUTHBIX 1TOJIEH 3eMIIn U Peruo-
HAJIBHBIX 3QPEKTOB O3BOJIIUT OTKPHITH HOBbIE BO3MOKHOCTH MeTofa EMOMII3 uist pemieHus mmpoKoro Kpyra
3aJ1a4 B 00JIaCTH HayK O 3emJie.

Paboma abinonHeHa 8 pamKax 2ocydapcmaeHHo20 3adaHusa IMK3C CO PAH.
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for carbon dioxide (CO,) and a significant source of methane (CH,) [Yu, 2011; Liss et al., 1981]. The

response of peatlands to climate change lasts several decades. Continuous long-term monitoring
helps to detect ongoing changes in peatland functioning (such as biodiversity, net primary production, green-
house gas emissions, carbon and nitrogen uptake levels, hydrology) and determine the influence of external
factors (climate, hydrology) affecting peatland ecosystems [Berglund, 2003; Joosten, 2015; Callaghan et al.,
2020; Tsyganov et al., 2021]. In order to collect comprehensive observations of peat bogs, a research field sta-
tion "Mukhrino" was opened in the middle taiga zone of Western Siberia in 2009 [Dyukarev et al., 2021a,
2021b]. The research focus is to study the impact of climate change on the carbon cycle, hydrology and biodi-
versity of bog ecosystems.

Field station "Mukhrino" is located in the central part of Western Siberia in the Middle Taiga bioclimatic
zone, 20 km southwest of Khanty-Mansiysk, on the second terrace of the left bank of the Irtysh River (near the
confluence with the Ob River). The study area is located in the northeastern part of the complex of pristine
Mukhrino bog, which has a total area of ~75 km”. The vast area to the southwest is represented by peat and lake
landscapes of the Kondinsky Lowland, interspersed with forests along rivers. The territory of the Mukhrino
field station occupies ~1 km’, is provided with a system of broad wooden trailss 2 km long, a power supply

‘ ’ r est Siberian peatlands contain large reserves of carbon and in their natural state are an effective sink
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complex (solar panels and a wind generator) and permanent sites for hydrometeorological monitoring and
biodiversity monitoring of various elements of peat ecosystems.

Automated monitoring of carbon dioxide fluxes at the oligotrophic ridge-hollow complex is carried out
since 2017 to the present using a portable atmospheric-soil measuring complex with two transparent cameras.
The automatic cameras were placed in the mochachin and on the ridge of the oligotrophic bog complex.

In 2015, a mast with equipment was installed in a representative part of the Mukhrino bog to obtain
continuous ecosystem-scale data on greenhouse gas exchange and energy fluxes using the turbulent pulsation
method (eddy-covariance - EC) [Alekseychik et al., 2017]. Measurements using the same facility were
continued, and in 2019 the station was augmented with a Lifior LI-7700 methane analyzer. In 2021, the EC
station was upgraded. A new mast 7 m high was installed, with CO,, H,O LI-7200 and CH, LI-7700 gas
analyzers (Licor Biogeosciences, USA) and an ultrasonic uSonic-3 Cage MP anemometer (Metek, Germany)
mounted on it. The station outprint increased to an area with a radius of 100-300 m. The average daily variations
for the summer season 2021 are shown in Fig. 2. Net ecosystem exchange (FCO2) has a clear diurnal course
with negative values of fluxes in the daytime. The specific methane flux (FCH4) shows two maxima in the
diurnal course - at 7 h and 18 h local time (UTC +5).

Comparison of NEE estimations obtained at EC measurements in 2015 with NEE data from chamber
observations shows that EC data are 1.8-3.5 times higher than NEE obtained at hollow site due to impact of
pine trees photosynthesis which is not registered by the chamber method.

At present, the system of observations of greenhouse gas fluxes at the field station "Mukhrino" continues
to expand. In 2022, a 10 m mast was installed in a pine-shrub sphagnum bog with a set of equipment to
implement the turbulent pulsation method. It is planned to install the EC station in a mixed forest massif at a
height of 40 m from the surface, as well as to place three chamber systems with 8 cameras each in different
parts of the Mukhrino peatland.
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osora 3anagHoi CHOMpPH cofiepikaT OrPOMHBIE 3aMackl yIIIepo/ia H B €CTECTBEHHOM COCTOSIHUH SIBIISIOT-

cst 9 PeKTHBHBIM CTOKOM Jisi yriekucioro raza (CO2) u 3HaunTeNbHBIM UcTOYHUKOM Metana (CH4)

[Yu, 2011; JIucc u ap., 1981]. Peaknms Top(hsHUKOB Ha M3MEHEHUE KITMMaTa pacTsHyTa BO BpEMEHH Ha
HECKONbKO AecATwieTHil. HenmpepbIBHBINA AOATOCPOUHBIH MOHUTOPUHI TIOMOTraeT OOHapy>KUTb U3MEHEHUs B
(YHKIIMOHUPOBaHUH TOP(DAHBIX OOJIOT (TakMe Kak Onopa3HoOOpa3ue, YicTas MepBUYHAS MPOTYKIHUS, BEIOPO-
ChI IAPHUKOBBIX Ta30B, YPOBEHDb MOMIOLIEHNS YINIEPOAa U a30Ta, THAPOJIOTH) U ONPENEINTh BIUSHUE BHEIII-
HUX (aKTOpPOB Ha dKOCHCTEeMBI TOpdsaHbIx 6070T [Berglund, 2003; Joosten, 2015; Callaghan et al., 2020;
Tsyganov et al., 2021]. C menpio opraHu3aIii KOMIIEKCHBIX HaOMioAeHUH 3a TopdsHbpME Oomotamu B 2009
TOny B cpeaHell TackHoU 30He 3ananHoit Cubupu ObLIa OTKPHITa HAayYHO-HCCICIOBATEIbCKAsI TOJICBasi CTaH-
s "Myxpuno" [Dyukarev et al., 2021a, 2021b]. @oxyc rcciae0BaHUI HAIPABIICH HA U3YUCHNE BIUSHHS HU3-
MCHEHUS KJIMMAaTa Ha YIIIePOTHBIH UK, THAPOIOTHIO M OHOpa3HOOOpa3ne OOJOTHBIX IKOCHCTEM.

IoneBas cTanmusa "MyxpuHO" pacroiioxKeHa B IEHTpaIbHOH yacTu 3anagHor CuOUpy B OMOKIMMATHIE-
CKOM1 30HE cpenmHel Taiiru, B 20 KM K 1oro-3amany ot ropona XaHTbl-MaHcHICKa, Ha BTOPOH Teppace JIEBOro
Oepera pexu MpThim (Hemaneko oT ciusiHus ¢ pexoit O0b). Paiion uccienoBanuii pacroyioxeH B CEBEPO-BOC-
TOYHOI YaCTHM KOMILIEKCAa HETPOHYTOro 6onora MyxpHHO, 06mIas IIOmamb KOTOPOro COCTABISET ~75 KM .
OOummpHas TEpPUTOPHUS K I0T0-3alay MPeICTaBICHa TOPGIHBIMA U O3epHBIME JNaHamadTaMu KoHIuHCKOM
HU3MEHHOCTH, IepeMeKaIOIUMUCS € JIeCaMu BOJb pek. Tepputopus monesoii ctanuuy "MyxpuHo" 3aHUMa-
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pd (COHHC'-IHI:IC 63TapCI/I Hn BETPOT eHepaTop) U MMOCTOAHHBIMHU Y4YaCTKaMH THAPOMETCOPOJIOTHICCKOIO MOHUTO-
o PUHI'a U MOHUTOpPHHTA 6Hopa3Hoo6pa3I/m PA3INYHBIX 3JICMCHTOB TOp(bi[HLIX OKOCHCTCM.

g ABTOMAaTHYECKHUE KaMepHblI¢ H3MEPEHUS MMOTOKOB YIVICKHUCJIOI0 ra3a

Lu ABTOMaTI/BI/IpOBaHHLIﬁ MOHUTOPHUHT IIOTOKOB YIJICKMUCJIOTO T'a3a Ha OJIUT OTpO(i)HOM I'pAO0BO-MOYaKNH-
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HOH u3mepurenbHoro komiiekca (ATINK) ¢ aByMst mpo3padHbiMi KamMepaMu. ABTOMAaTHYECKIE KaMEPbI ObLIH
pa3MenieHbl B MOYaXKHUHE U HA rpsijie onurorpoduoro 6onorHoro komiuiekca. AIIMK cniocobHa usmepsTe u
PEruCTPUPOBATD CIIEAYIOLINE XapaKTePUCTUKU OKpYsKatoLieit cpespl: Temreparypy Bosnyxa (Ta) u BiaxkHOCTh
(RH) (na BbIcOTE 2 M Haj 3emiieii 11 y moBepxHocTH 3eMin), AP (porocuHTEeTHUECKAS! AKTUBHAS pajnalis;
BXOJISIIIAsI COJIHEUHAS paguanus B cuekTpaibHoM auanazone 400-700 HM), conepxaHue YIIEKUCIOro ra3a u
JIaBJIEHHE BOJSHOTO Mapa B Mpobax Bo3myxa. CHcTema BKIIOYAST AByXKaHANbHBIN razoanamusarop Li-7000
(Li-COR Biogeosciences, CIIIA) u a8e n3MepuTensHble KaMmepsl 00bemoM 120 1. Kameps! 3akpeiBatoTes Ha 5
MUHYT K&K/l yac (uu 3 gaca B 2017 rony) /i obecrniedeHns: u3MepeHusi oToka. B octanbHOE BpeMsi OHU
OCTAIOTCS OTKPBITBIMH. B03/1yX Julsi TpoOBI HENPEPhIBHO MPOKAYMBAETCS Yepe3 KaMepy M ra30aHajid3arop B
TeUeHUE epro/ia HaOIIOAEHHH ¢ MOMOIbI0 MeMOpaHHOTo Hacoca 7006ZVR (Gardner Denver Thomas GmbH,
I'epmaHM) CO CKOPOCTBIO MOTOKA ~2 J1/MUH. Pe3ynbTaTsl n3MepeHuii HempepsIBHO coxpansaioTca B AIIMK u
nepeaaTes Ha BeO-cepBep.

ABTOMAaTH3MpPOBAaHHAS CUCTEMa paboTana B peKuMe H3MEPEHHUs ¢ Ui 1o aBrycT B 2017 roxy u ¢ Mas mmo
okT6pb B 2018 1 2019 rogax. [Totok CO, paccunuThIBajICs C MTOMOIIBIO CHEIMATU3UPOBAHHOTO MMPOTPAMMHOTO
Mopyis, paspaboranHoro B Matlab (MathWorks, CIIIA) ¢ ucnonb3oBaHreM JTHMHEHHONH MOAETH M3MEHEHHS
KOHIIGHTPAINK B KaMepax B TEUCHHUE MIEPBBIX JIBYX MUHYT 0TOOpa TaHHBIX. BpeMeHHBIE PSAIbI pacCUNTaHHBIX
3HadeHnH 110ToKoB CO,, KOTOPEIE B IIPO3PAvHOI KaMepe MPEACTABILIIOT COO0H BEIMYNHY YHCTOTO 3KOCHCTEM-
HOTrO 0OMeHa IpuBeAeHs! Ha puc. 1. [l norydeHns HelpephIBHBIX 3alHCceil TaHHBIX, SKCTPANOIIIUI X Ha
JpyTHe MePUOMBI, KOTIa SKCIIePUMEHTAIbHBIC TaHHBIE OTCYTCTBYIOT, M paciyeTa TOIOBOTO YIIEPOJHOTO OIof-
JKeTa IKOCUCTEMBI HCTIOIB30BAIach MOJIETh O0IIETo yriepoaHoro ooMena akocucteMsl [ Dyukarev, 2017]. Us-
mepennas odmas NEE Obuta pasgenena Ha KOMIIOHCHTHI BaJIoBOW mepBuuHON npoxykiwy (GPP) u obmiero
neixanus sxkocucteMsl (ER). Monens Obla oTkannOpoBaHa ¢ MCHONB30BAaHHEM BCEX JTOCTYITHBIX HAO0OpOB
JAHHBIX O TOTOKaX yriekucioro raza B 2017-2019 romax [Dyukarev et al., 2019].
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BpeMeHHoit xo umcToro skocucTeMHoro obmeHa (NEE) B 2017, 2018 1 2019 rr. no AaHHLIM KaMepHbIX U3Me-
peHui Ha rpage (KpacHbii) U MovarkuHe (cuHmin) MK 6onota MyxpuHo.

Pesynbratel moneBeix m3mepeHuilt motokoB CO, Ha TPAJ0BO-MOYQXKMHHOM KOMIUIEKCE B COYETAHHU C
MPEIOKEHHOW MaTeMaTHYECKON MOJIETIBIO TIO3BONIMIIM aieKkBaTHO oneHuTh nokazarenu NEE, ER u GPP mist
TPSATOBO-MOYAKIMHHBIX yYaCTKOB HA ONMUTOTPOGHOM O0JI0TE B 30HE cpefHeit Taiirn 3anannoit Cubupnu. Kymy-
JIATUBHBIE TIOKa3aTeny noromeHus CO, MpeBHIIAoT KyMy/ISITUBHEIE T0OKA3aTeIH JBIXaHUA Ha 000HX JKCIIe-
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pUMEHTaNbHBIX yyacTkax. Cpennsis 3a Tpu roaa BereraiuonHoro nepuosa NEE Ha nonorom ydacrke Obuia
3HaunTenbHO Boie (-91,9 rC M~), ueM Ha rpsagoBoM yuactke (-13,6 rC m”). [Tokasarenu GPP u ER Ha yuacTke
IpsAabl OBLIH BBILIE, YEM HA ydacTke ModaxkuHsl [ Dyukarev, 2021b].

H3mepeHnsi NOTOKOB METO0M TYPOYJIeHTHBIX MYJIbCcaluii

B 2015 rony B penpe3eHTaTiBHON YacTu 00510Ta MyXpHHO ObLJIa YCTaHOBJIEHA MauTa ¢ 000Py/I0BaHUEM IS
TOJIy4eHHUs] HENPEPBIBHBIX JAHHBIX YKOCHCTEMHOIO MaciiTada 1o oOMeHy MapHUKOBBIMHU I'a3aMH U MOTOKaMH
srepruu [Alekseychik et al., 2017] ¢ momombsio MeTona TypOyneHTHbIX mynbcaiui (eddy-covariance - EC). Ha
MOMEHT YCTaHOBKH 3TO ObLiIa epBasi HOCTOSHHO JieiicTBytomast EC cranmus B paauyce okorno 1000 kM. Anmapa-
Typa coctosia u3 ananusaropa CO,, H,O LI-7500 (Licor Biogeosciences, CIIIA) u TpexmMepHOTO yAbTpa3ByKO-
Boro anemometpa Gill R3 (Gill Instruments Ltd, BenukoOputanust). B TeueHue mepBoro ce3oHa u3MepeHHst po-
BOAMINCH ¢ Mas 110 aBryct 2015 roma n obecrieuny COOTBETCTBYIOMIEE MOKPHITHE JAHHBIX O MIOTOKE 33 BECh Be-
retaiMonHbld niepuon. Jannsie EC o0OpabaTsiBaiuch ¢ TOMOIIBI0 TporpammHoro obecnedennss EddyUH
[Mammarella et al, 2016]. Beuta oTMedeHa CXOAMMOCTB YHEPTeTHUECKOTO Oaanca Ha ypoBHE 99%, 4T0 yKa3bIBa-
€T Ha XOpOIllee KaueCcTBO JaHHbBIX. BricoTa ycTaHOBKH aT4nka 4 M HaJl ypOBHEM MOBEPXHOCTH OOJIOTA MO3BOIH-
JIa TIOJY4UTh 30HY 70-IPOIIEHTHOTO (yTHPHHTA C PAAHYyCcOM 0KoJio 89-202 M B 3aBUCHMOCTH OT TUIIA cTpaTudu-
xaruu armocdepst. B 2015 roxy kymynatusasii NEE 3a mait-asryct coctasun -202 rC m”.

FOOIT [usral ] & 13| FLHA |14 nmed] H +emeE| LE [Wer 1]

F

Puc. 2.

OcpeHeHHbIN CyTOYHbBIN X0 NOTOKOB yriekucnoro rasa (FCO2), MetaHa (FCH4), agHoro (H) 1 ckpbiToro Te-
nna (LE) 3a mionb-ceHtabpb 2021 r. no gaHHbIM EC ctaHumm Ha TMK 6onota MyxpuHo. MprBeeHbl cpefHee,
MeaunaHHoe, MMHUMasbHOoe, MakcMMarnbHoe 3HadeHuA. Bpema no UTC.,

N3MepeHus ¢ ucnosapb30BaHUEM TOM K€ YCTAaHOBKH OBUIM MPOJIOSbKEHBI, a B 2019 rogy cranius Obuia J10-
nonHeHa aHanu3aropom merana Licor LI-7700. B 2021 r. crannus EC Obina MogepHH3upoBasa. beina ycra-
HOBJIEHA HOBasl Ma4Ta BHICOTON 7 M, Ha HeHl MOHTHPOBaHHI razoanHanusaropsl CO,, H20 LI-7200 u CH, LI-
7700 (Licor Biogeosciences, CIIIA) u ynbrpa3zBykoBoii anemomMeTp uSonic-3 Cage MP (Metek, ['epmanus).
OyYTIPHUHT CTaHIMU yBEeIHIHIICA 10 obnactu pagrycoMm 100-300 m. Cpennaue 3a netHuit ce30H 2021 1. rpaduxu
CYTOYHOTO XOJa TIPUBE/EeHBI Ha pucyHKe 2. HucThiii sxocuctemubit 00MeH (FCO2) nmeeT SBHBIA CyTOYHBIN
XOJI C OTPHULATEIbHEIMU 3HAYCHUSIMH IIOTOKOB B JHEBHOE BpeMsA. YIEIbHBIM IIOTOK METaHA ITOKA3bIBAeT JBa
MaKCHUMyMa B CyTOUYHOM xojie — B 7 4 u 18 1 mecTHOTO Bpemenu (UTC +5).

Cpasrenne onieHok NEE, moyuennsix npu EC m3mepenmsix B 2015 rony, ¢ marasivu NEE 1o pesynsra-
TaM KaMepHBIX HaOoneHuid moka3biBaet, 4o ganusie EC B 1,8-3,5 pasa npesbimaror NEE, monydenHbie ka-
MEpHBIM MeTomoM. BeposTHO, pa3HuUITa BEI3BaHA HE y4eTOM (OTOCHHTE3A U JBIXaHNA COCEH, KOTOpPHIE He Peru-
CTpUPYETCS KAMEPHBIM METOIOM.

B HacTOAmMit MOMEHT CHCTEM HAOMIOICHUH 32 IOTOKaMH MTApHUKOBBIX I'a30B Ha II0JICBOH CTaHINH "MyX-
puHO" IpozorkaeT pacmupsaTses. B 2022 1. ycranosieHa 10 M MaduTa Ha yJacTKe COCHOBO-KYCTapHIIKOBOTO
ctharzoBoro 6010Ta ¢ KOMIUIEKCOM 000PYIOBaHUA I pealn3aliy MeToAa TypOyIeHTHBIX Imynbcanuit. [la-
Hupyercsa ycranoBka EC cTaHIMM B MacCHBE CMEIIAHHOTO Jieca Ha BbIcOTE 40 M OT ITOBEPXHOCTH, a TAKKe
pa3MeIIeHre TpeX KaMepHBIX CHCTEM C 8 KaMepaMy Kakas Ha Pa3iIMIHbIX yUacTKax O0JOTHOTO MacCHBa.
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ture, solar radiation, wind speed, and moisture conditions are significant factors that form ecological

patterns in plant and animal communities. The importance of the influence of microclimate on
growth and die-off, soil respiration, and nutrient cycling is one of the components of modern ecological re-
search.

Russia has a network of weather stations of the Federal Service for Hydrometeorology and Environmental
Monitoring (Rosgydromet), organized to conduct global, comprehensive, systematic, continuous observations
of the natural environment. Weather stations must be located in an area that is open and typical of the surround-
ing terrain. However, on the territory of Siberia their network is extremely sparse and not regular. Weather sta-
tions are located in open areas mainly in river valleys, and the information obtained at them does not fully re-
flect the situation in the forest, mires and mountain landscapes represented on the territory.

In order to provide ecological and landscape studies with meteorological information, a network of auto-
mated observation points has been forming at the Institute of Monitoring of Climate and Ecological Systems
(IMCES SB RAS) since 2005, where basic meteorological characteristics are registered. The network of micro-
climatic monitoring that we are developing is focused on continuous observations in typical landscapes in key
areas located in different natural-climatic zones. Historically, various projects have formed clusters of observa-
tion sites, usually located close to each other, but characterized by different local landscape conditions. Micro-
climatic monitoring is organized in the areas of forest-marsh complexes in Western Siberia, mountain-bottom
landscapes of the Baikal region.

Atmospheric-soil measuring complexes (ASMC) are used for monitoring. ASMC is intended for mobile
and stationary long-term automatic measurements and registration of the main parameters of the atmosphere,

Microclimate is a complex of climatic conditions organized by local landscape. Air and soil tempera-

MEXYHAPOOHASAKOHDEPEHLIMS MO M3MEPEHVSIM, MOLAENMPOBAHMIO M MHOOPMALIMOHHBIM CUCTEMAM U151 M3YYEHKS okPyxaoLLEN cPensl ENVIROMIS 2022

CEKLUMA 9

WHCTPYMEHTAJIbHAA Y UHOOPMALIMOHHO-U3MEPUTENBHAA MHOPACTPYKTYPA PETVUOHAJTBHBIX UCCIIEQOBAHNIA
OKPYHAIOLLIEV CPE[IbI

w

65

K cofepr<aHuo n



