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BriepBble gaeTcst 000011eHHAsE MH(OpMaLMs o UICTOPUU (POPMUPOBAHUSI, COCTOSIHUIO HAOTIOAEHUM U OC-
HOBHBIM HAaY4YHbBIM pe3yJIbTaTaM perMOHAIbLHBIX CETEM U CTaHLINI, BKIIoYeHHBIX B RuFlux — ob1epoccuii-
CKYIO CUCTEMY MOHUTOPMHIA 9KOCHCTEMHBIX MOTOKOB ITapHUKOBBIX Ta30B (I1I'). 3amepeHust mpoBoasTcs
10 MUPOBBIM CTaHAApTaM METOIOM TypOyJIeHTHEIX Imysibcaunii (eddy covariance method), o6ecrieunBaro-
LIIMM COTTOCTaBUMBIE OLIeHKN MOTOKOB [1I" Ha MPOCTPaHCTBEHHOM YPOBHE OTIEIbHBIX 9KocucTeM. T1oiry-
yeHbl MHOrosieTHUE (Oosee 190 cranumit-ier HabmoneHuit) psasl morokos [T ITo cocTostHUIO HAa OCceHb
2022 1. 86% cranuwii cetrt RuFlux pacrosioeHo B JIECHBIX M OOJIOTHBIX 9KOCHCTEMaX, 77 % BceX CTaHLIMI — B
cpenHeii v 10xKHOoIi Taiire. [TouTn Bce HeHapyllleHHbIE SKOCUCTEMbI Poccuu SIBISIIOTCS CTOKaMI/I CO, uz at-
Mochepsl ¢ ANANa30HOM CPEIHNX FOIOBBIX OLIEHOK HeTTO-noromeHus ot 80 no 240 r C/(Mm2 ron). Bananc
I1T" onpenernseTcss KOMITJIEKCOM aOMOTUYECKMX U OMOTUYeCcKUX (pakTopoB. CpemHee MHOTOJICTHEE HETTO-
nontoweHue CO, Belllie B MEP3JIOTHBIX JIMCTBEHHMYHMKax Cubupu, yeM B esibHUKax EBporneiickoii Tep-
putopuu Poccum, HeCMOTpPsT Ha KPaTKOCTh BereTalluOHHOIO ce30Ha (MeHee 4 MecC. Y IMCTBEHHUYHUKOB 1
6oJiee 6 mec. y enbHUKOB). [1pu nBUXKeHUY ¢ 3amaa Ha BOCTOK MHTEHCUBHOCTB cToka CO, B ceperHe JieTa
yBenmmuuBaeTcs, a amuccust CO, B cepenrHe 3UMBI pe3KO cHIKaeTcs. [IpuponHbie 1 aHTPOTIOTeHHBIEC Ha-
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pYIIEHUS TIPUBOMAIT K TpaHC(hopMaIuu yriiepogHoro 6anaHcea 3a cueT yBeandeHus BeinesneHuss CO, B aT-
mocodepy. B ienoM, cetb RuFlux oxBaTbhiBaeT MIMpoKUii CIEKTP KIMMAaTUYECKUX YCTOBUM U TUIIOB 9KOCU -
CTeM, HO JJisl TIOBBILIEHUSI €€ PEIPEe3eHTAaTUBHOCTU MO Bceil Tepputopun Poccuu Tpebyercs co3maHue
CTaHIWi1, paboTaILIMX MO METOAY TYPOYJIEHTHBIX IyJIbCalluii, B TYHIPOBBIX, CEBEPO-TAaEKHBIX, JICCOCTEIT-
HBIX, CTEITHBIX U MOJIYITYCTBIHHBIX 9KOCUCTeMaX. TakKe HyKHa opraHusauust MoHutopunra I1I" B aHTpo-
MOTeHHO-U3MEHEHHBIX 9KOCUCTEMAaX (B TOM YMCJIe arpolieH03aX) U B 9KOCHUCTEMaX C CYKIIECCUSIMU, BbI-

3BaAaHHBIMM IIPUPOAHBIMU HAPYILICHUAMMU.

Karouesnie cnoea: MeTOI Typ6yJICHTHLIX Hyﬂbca].[HfI, OKOCHUCTEMEI, YUCThINA 3KOCUCTEMHBINA O6M6H, CCTb U3-

MCpCHI/If/'I, 9KOJIOro-KJINMMaTU4YCCKUEC CTaHIIUN

DOI: 10.31857/S2587556623040052, EDN: CTGOHO

BBEAEHWE

buoreoxumuueckue u 6mMoreodusndIecKue Ipo-
LIECCHI, OIpenelsIione oOMeH 3Heprueili u Belle-
CTBOM MEXIy Ha3eMHBIMU DKOCUCTEMaMH M aTMO-
cdepoii, B mocaenHue Toabl BCe Yallle paccMaTpuBa-
IOTCSI B KOHTEKCTE OLEHKHU KIIMMATOPETYJINPYIOIINX
GyHKIIMM 3KocucTeM. Pa3zBuTie MHCTpyMEHTAJIbHOMN
0a3bpl METEOPOJIOTUUECKUX HAOJIOACHUM, CpPEICTB
perucTpauyy, XpaHeHus M 00pabOTKM OOJIbIIMX
MaCCHBOB JaHHBIX ITO3BOJIMJIO HAyYHOMY COOOIIEe-
cTBY B 1990-€ rombl co3aaTh HOBBI MHCTPYMEHT OJIsI
KOJIMYECTBEHHOI OLICHKM YHEProoOMeHa 1 ITOTOKOB
I1I" mexxmy sKocucTeMaMu M aTMocdepoit — 3KOJI0-
ro-kiuMatudeckue craHuuu (OKC). Ha Bctpeue uc-
cnenoBateneit B Jla-Tywmne (Mrtanus) B 1995 r. (Bal-

docchi et. al., 1996*1) ObLIM MpeACTaBJIEHBI TIepBbIe
pe3yJibTaThl JJIMTEIbHBIX HENPEPbIBHBIX HaOJI01E-
HUI 32 YUCTBIM I3KOCUCTeMHBIM 0OMeHoM CO, (GaaHc
CO, c atMocdepoii wim HeTtTo-oomeH CO,; B aHIIO-
S3bIYHON JIuTeparype — net ecosystem exchange, Win
NEE) na ocHoBe MTTII. ITpsimbie onieHku 6asianca CO,
9KOCHCTEM BbI3BaJIM ONOOpPEHUE Y HAyYHOIO COOO0IIIe-
CTBa U 3HTY3Ma3M i1 pa3BUTHUS ceTeit CTaHUMI Ha
tepputopuu EBponel, CIIA, fAmnonuu u HOro-Bo-
CTOYHOI A3uu. ENVHBII MeTOOMYECKUN Ioaxon K
OlLIEHKE MOTOKOB HEPIMU U BEIECTBA Jajl BO3MOX-
HOCTb pa3BUBaTh PETUOHAIbHBIE CETU, KOTOPHIE ObI-
JIu 0ObEAMHEHBbl B €NUHYIO MUPOBYIO CETh CTaHLMIA
FLUXNET npu nognepxxke NASA (CIIIA) B 1997 1.
OcHoOBHag 1eJIb Pa3BUTUS CETU HAOJIIOIEHU COCTO-
sijla B MHTeTpallMy JaHHBIX Ha3eMHbIX U3MEPEHUI 1
JUCTaHIIMOHHOTO 30HAUPOBaHUs 3eMJin (MpudOpPoB
MODIS). B HacTtosiee BpeMsI JOCTyITHasI 0a3a JaH-

Hbix FLUXNET? BritouaeT pesy/ibTaTbl HaOJIoze-
Huii 6onee 1000 craHLMiT, KOTOpbIE pabdoTail paHee
WM Ha KOTOPBIX IIPOI0JDKAIOTCA HAOIIOMeHUS B Ha-
crosiiee BpeMsi. MHOTOJIETHUE UCCIEI0BaHMsI TTO3BO-
JIWJTA OIICHUTH TTPOCTPAaHCTBEHHO-BPEMEHHYIO M3MEH-

e

! 3nech u nanee OTMEYEHBI JIUTEPATypHble UCTOYHUKH, KO-
TOpble BbIHECEHbI B PaclIMpeHHBIl CHUCOK JIUTEepaTyphl
(AM__1; noroTHUTENbHBIE MaTepUaIbl JOCTYITHBI UIST TaHHOM
crarbu o DOI: https://doi.org/10.31857/S2587556623040052
u EDN: CTGOHO ).

2 https://fluxnet.org/sites/site-list-and-pages/ (mara obGpaiie-
Hug 13.11.2022).
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YUBOCTb MTOTOKOB CO,, BJIaru U 3HEPTUU B 3aBUCUMO-
CTH OT a0OMOTUUYECKMNX M OMOTUYECKMX (DAKTOPOB ISt
Bcex 6nomoB mupa (Baldocchi, 2020). g maciuradu-
pOBaHUS IIOTOKOB 3HEPTO- M MacCOOOMEHa, a TaKKe
IUIST CO3MaHUS IIPOTrHO30B MCITONIB3YIOTCS MaTeMaT-
yeckue Moaesu. JlaHHbIe HAOMIOASHM 3a TIOTOKaAMU
I1I, B1aru U 3Heprum BOCTpeOOBaHBI KaK BXOOHBIE
JIaHHBIE, a TAKXKE OCHOBA IS ITapaMeTpU3alii U Bald-
Jauuu Moaeneil. MupoBasl CeTb CTAHLIMIA SIBJISISTCSI He-
MPEPLIBHO Pa3BUBAIOIIMMCS WHCTPYMEHTOM [IJISI pe-
LIEHMS IMMPOKOTO KPyra 3KOJOTMYECKIX 3a1ad.

Ha tepputopuu Poccum cetb cTaHLMiT MOHUTO-
puHra sKocucTeMHbIX noTokoB IlI' Hauama pas3Bu-
BaThCsl OOHOBPEMEHHO C pa3BUTHEM HAIIMOHAJIBHBIX
U peTMOHAJILHBIX ceTelt B Mupe. I1o HaluM olieHKaM
Ha OCHOBE JaHHBIX, IIPUBEACHHBIX B HAYYHOI IeYaTn

U OTKPBITBIX MHTEPHET-PECypcax’, B MOCIEIHNE 1BA
IEeCATUICTUSI HA TEPPUTOPUHN HAIIICH CTpaHbI B pa3-
Hble MIEpUOIbl BEJIUCh MCCAeN0BaHUs Ha 35 CTaHIIU-
sax. Kak rmpaBuiio, MHOToleTHIIE HAOTIOOEHNST Ha OC-
aoBe MTII Ob1TM HayaTH B paMKax MEKITyHAapOTHBIX
MPOEKTOB 1 YaCTUYHO OBbLIIN 3aBEPIIESHBI 10 X OKOH-
yanuio (Vygodskaya et al., 2002*).

B To Xe BpeMsi HEKOTOpbIE HayUyHbl€ KOJJIEKTUBbI
B P® ornanu npeanouyrenrne MTII kak oCHOBHOMY
WHCTPYMEHTY MOJyYeHUs] SKCTIEpPUMEHTATbHBIX TaH-
HbIX 0 noTtokax CO, Ha PKOCUCTEMHOM IPOCTPaH-
CTBEHHOM YpOBHe. B cooTBeTCTBMU ¢ COOCTBEHHBIMU
Hay4YHbIMU LIEJISIMU KOJUIEKTUBBI pa3BUBaJIU JIOKAJb-
HbIE WJIM perMoHalibHble ceTu cTaHiuit. McTtopuyue-
CKU Ha Tepputopuun Poccuu CIoXUWInCh Cleaylolme
cetu: B KpacHosipckom kpae (KrasFlux), B Pecrry0-
muke Caxa (Axyrus) (SakhaFluxNet), B TBepckoii
obnactu, B Pecnnyonuke Komu u B XaHnThi-MaHCHii-
ckoM AO. MHoroJiIeTHUE UCCIeTOBaHUS ITPOBOISITCS
B HoBropoackoit o6actu. T CTaHIUMU CTaJll OC-
HOBOI1 1151 co3gaHust B 2022 I. 00ILIepOCCUICKOM ce-
T MOHUTOPHHTA 9KocucTeMHbIX 11oToKoB I1I" RuFlux.
HauwmonanbHas ceTh co3naHa B pamKax BaxHeitiero
WHHOBAIIMOHHOTO IMPOEKTa TOCyIapCTBEHHOIO 3Haye-
Hus HayuHo-oOpa3oBarenbHbIA LeHTP “Ymiepon B
aKocucTreMax: MoHutopuHr” (manee — BUII I'3). Becero

3 https://cosima.nceas.ucsb.edu/carbon-flux-sites/ (mara o6pa-
wenus 13.11.2022).
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B 2022 I. B C€Tb MOHUTOPHHTA SKOCUCTEMHBIX TIOTOKOB
I1I" Bouu 22 cTaHLIMU, U3 HUX 18 cTaHLIMIT ceMU Hay4-
HBIX KOJUIEKTUBOB Besi MoHuTopuHr I1IN B 2010-x —
aavaire 2020-x rogoB. B pamkax BUII I'3 mnanupyer-
cs1 opraHu3anus HaomoaeHnit B Mockosckoit, Kyp-
CKOI 00JacTsIX, paclIMpeHnue ceTeil HaOMIOACHUI B
KpacrosipckoMm kpae n XaaTei-MancuiickoMm AO.

Hannbie psima poccuiickux DKC Bxomst B 0asy
FLUXNET. Ha necHbpIx cTaHusIx B TBepckoii o61a-
ctu 1 B LleHTpanbHOI SIKyTHUM oTydYeHbl HEIpephIB-
Hble psiabl HaOMOeHUi 3a moTokamu Teruia, H,O u
CO, mutenbHOCTHIO 6oJiee 20 JIeT — OAHU U3 CaMbIX
MPOIOJIKUTEBHBIX B MUpe. Pe3ynbTaThl TaKux AIv-
TeJIbHBIX HaOIIONEHUIT SIBJISIOTCS KpaiiHe BOCTpe0o-
BaHHBIMHM B MUPOBOM HayYHOM COOOIIECTBE U pery-
JISIPHO UCIOJb3YIOTCS IIPU COCTAaBIEHUH INTOOATIbHBIX
OLIEHOK 3KOCUCTeMHBIX IOoToKoB III, kanubGpoBke
CITyTHUKOBBIX U3MEPEHUI I MaTeMaTUIECKUX MOJIE-
Jield, u3ydyeHuM (HaKTOpOB MHPOCTPAHCTBEHHOIO U
BpeMeHHoro pacrnipenejieHus rmorokon I1I" (Besnard
et al., 2018*; Delwiche et al., 2021*; Johnston et al.,
2021%*). Paapr nnuHoi 6onee 20 JIET MO3BOJISTIOT YJIO-
BUTh TCHACHIMU MACIITAOHBIX M3MEHEHUII 3KOCHU-
CTEM, M JaJbHeHIlIee MPOIOJLKEHe MOHUTOPUHIO-
BBIX MCCJIEIOBAaHU M IMTO3BOJIMT 1aBaTh 00OCHOBAaHHBIE
IIPOTHO3bI U3MEHEHMI1 YIJICPOJHOro OajaHca.

Jlecam ymensieTcsl TIOBBIIIEHHOE€ BHUMaHUE B
oreHkax 6ananca I1TI, Tak kak 90% morIomneHus yr-
Jiepona Ha Tepputopumn Poccuu npuxoauTcss UMEHHO
Ha HuX (Dolman et al., 2012). B cooTBeTCTBUM C Ka-
teropusiMu 3emenb MI'DUK, 1o manabiM Pocpeectpa,
neca B 2020 1. cocraBisui 52% Ttepputopuun Poccun,
BOIHO-00JIOTHBIE yrombs — 13% (PomaHoOBCKast u ap.,
2022b*). OueHKU molaaeii JIECOB U OOJIOT CUIBHO
BapbUPYIOT B 3aBUCUMOCTHU OT TOUHOTO ONPEAEICHUS
TUIIOB MOBEPXHOCTHU. TakK, MO OlLleHKaM, CIeJaHbIM C
KCIIOJIb30BaHUEM JAHHBIX TUCTAHIIMOHHOTO 30HIM-
poBanus (Illemamenko u ap., 2015*), meca cocraBisi-
10T 42% tepputopun Poccun; no oreHkam Bommep-
ckoro u ap. (2011*), 6onora BMecTe ¢ MeIKOOTOP(PO-
BaHHBLIMM 3a00JIOUEHHBIMU 3€MJISIMU COCTaBJISIIOT
6onee 20% rutomiaau ctpaHbl. Herro-mormoiieHue
CO, B ecax Poccuu (ctok CO, 13 aTMmochephl B KO-
cuctembl) 3a 2001—2019 rr. cOCTaBISTIO OKOJIO YETBEP-
T OT TIOIJIOLLIEHUST BO Bcex Jiecax mupa (Harris et al.,
2021%*). INornomenue CO, B iecax Poccuu nepexpbl-
BaeT 3HAYMTEbHY10 YyacTb BhiOpocoB CO, OT cxxura-
HUS MCKOMAeMOro TOIUIMBAa W OT MPOMBIIIUIEHHOM’
nesarenbHocTu. Ctok CO, B Jiecax Poccuu Gosblie,
yeM B JII0001i npyroit ctpaHe mupa; B KaHane, ciemy-
fouieit 3a Poccueii, crok CO, cinabee B roJjiTopa pasa
(Harris et al., 2021%*). B To >ke BpeMsI ITpu1 OlLIeHKax 0a-
naHca [1T" repputopuit HEOOXOAMMO YYUTHIBATH ITPU-
DPOIHbBIE ¥ AHTPOMOTeHHBIE HAPYIIIEHUST JIECHBIX 9KOCU-
CcTeM, OCOOCHHO JIECHBIEC MTOXKAPhI U PYOKM, a TAKKe Ha-
IIECTBUSI HACEKOMBIX, KOTOPbIE MOTYT 3HAUYMTEJIbHO
cHrkatb ctok CO, BIreca (McaeB u np., 1995*%; Réden-
beck et al., 2003*). DddexTuBHaAsI cucTeMa MOHUTO-
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KYPUYEBA wu np.

pMHTa KJIMMaTU4YeCKU aKTUBHBIX Fa30B Ha TEPPUTO-
puu P® tpebyet TIaTeIbHOTO yuyeTa nmotokos I1I' B
pa3HbIX TUIIAX JIECOB, B TOM YHUCJIE HAXOOSIIUXCSI B
30HE JIeTpaaupyIolIeil MHOTOJIETHE Mep3JI0ThI.

[MoxpreiTne Teppuropun Poccum craHuumsIMU Ha-
omoneHuit morokos I1I" 3HaUMTETBHO MEHBIIIE, YEM B
EC, CIHA u Kurtae. Ha Poccuro npuxomutcs 60%
IUIOIIAAY APKTUYECKMX M TaeKHBIX 9KOCHCTEM MHPA,
IIPY 3TOM KOJIMYECTBO MOJIYYEHHBIX MECSTUHBIX 3HaUe-
Huit NEE B 6a3e nadHbIX Wid 9Tux 3kocucteM ABCflux
(Virkkala et al., 2022*) Ha Bcex pOCCUICKMX CTaHIIV-
SIX B CyMMe€ COCTaBJIsIeT TONbKO 16% OT KojqndecTBa
MECSIYHBIX 3HAUSHMI Ha CTAaHLIMSIX B TYHAPOBOI U Ta-
exxHoit 3oHax CeBepHoro moaymapus. KoangaectBo
nmyonukauuit 1 uutupoBaHuit ¢ 1990 o 2022 r. B
XKypHaJlaXx, MTHIeKCHUpYeMbIX B 0a3e maHHBIX WOS, 110
KIIIo4eBBIM croBaM, “Net ecosystem exchange”
(7307 pesyabtatoB) 1 “Net ecosystem exchange + Si-
beria, Net ecosystem exchange + Russia, Eddy covari-
ance + Russia” (40, 33 u 52 pe3ynbTaTa) MOKa3bIBaeT,
YTO UX KOJIMYECTBO 10 Poccuu naxe B TTOCaeTHNE TOIbI
cocTaBJsieT He 6otee 1% MUPOBOro KOJTMYeCTBa ITyOJIH-
Kaluii 1 LTUTUPOBAHMIA T10 3TOM TEME.

O11eHKM OaaHca yIJIEKMCIIOTO Ta3a BceX IMPUpPOoI-
HBIX 3KocucTteM Poccum Ha ceromHsIIHUN AeHb pas-
JINYAIOTCS MOYTH Ha Mopsaaok. Tak, pa3dpoc OlleHOK,
MOJIYdeHHBIX pa3HbIMU aBTOopaMu B 2010-x romax, co-
crasysieT oT 172 mo 1400 maH T C B roa (Puanmmuyk u
ap., 2020%). M xoTs ngaHHBIE CTaHLIM, MUCIIOIb3YIO-
mux MTTI, He BXoOggT B MEXKIyHApOIHYIO KIIMMaTH-
YEeCKYI0 OTUYETHOCTb, OHM HWCIIOJB3YIOTCS ST TLJI0-
IAagHbIX oleHOK OamaHca I1I' Ha TeppuTopumn pas-
HbIX CTpaH W  SBJSIOTCSd  JOIOJHUTEIbHBIM
MHCTPYMEHTOM JIJIsI BepU(UKALIMU OLIEHOK Ha YpOB-
He cTpaHbl. Tak, A. JlonMaH ¢ coaBTopamu (Dolman
et al., 2012) mo gaHHBIM 14 cTaHIMIT HAOTIOACHMIA,
ucnonb3yoiux MTII, oueHuIM HETTO-IOIIoIIe-
HUE YIJIEKMCJIOTO raza B IIPUPOMHBIX 3KOCUCTEMAaxX
Poccuu B 2009 1. B 342 MutH T C B rom, 4To B 2 pa3za 00J1b-
1Ie MOJENBHBIX OlleHOK HalmoHaabHOro JoKjIaga o
kagactpe PD (PomanoBckast u ap., 2022a*). [ToxydeH-
Has onieHKa 6anmaHca C Ha repputopuu Poccum (Dol-
man et al., 2012) 6a3upyeTcs Ha JaHHBIX, MOJTYyYEeH-
HBIX JIMIIb Ha 14 cTaHIUSIX HAOMIOAEHUN, TTO3TOMY
OHa SBJISIETCS B 3HAUMTEJIbHOU Mepe 3KCIIepPTHOM.
st ee Bepudukanmu HEOOXOAUMO paclIMpeHUue U
najibHelillee pa3BUTHE HallMoHalIbHOU ceTu RuFlux.

B XXI B. NpOorHo3upyroTcsl 3HaYUTEAbHbIE U3Me-
HeHMs OajaHca yIiepoja NpUPOIHBIX 9KOCUCTEM, B
IIEPBYIO OYepEenb B CBSI3U C COBPEMEHHBIMU M3MEHEe-
Husmu kmMara (IPCC, 2021*). B cpenrem o Poccun
MOBBIIICHUE CPETHETOA0BOM TeMIiepaTypbl Bo3myxa (7)
B 1976—2018 rr. coctaBmio 2.0°C (Hokiar, ..., 2019%), u
TaKoe 3HAaYMTEeJIbHOE ITOTEeIUIEHUE, O0E3yCI0BHO, MO-
KET CWJIbHO BAMATH Ha moToku Teria u I B akocu-
cTeMax pa3IMYHBIX KJIMMaTUdecKux 30H. OgHUM U3
OCHOBHBIX IIPEUMYIIECTB UCCIIEAOBAHMIA C IIOMOIIBIO
OKC gBasieTcsl BO3MOXHOCTD [€TajJbHO OTCIIEXH-
Ne 4
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BaTh, KaK 9KOCHCTEMA B 1I€JIOM pearupyer Ha hakTo-
pBl cpelbl, Takue Kak cBeT, 1, ocanku (P), Bmax-
HOCTb MOYBBI, KOHLIeHTpalus CO,, 271eMEeHThI MUTa-
Hus (Baldocchi, 2020). JIauTenbHble HAOMIOMEHUS
MO3BOJISIIOT aTh OLIEHKM OymylInx M3MeHeHUl Oa-
naHca I1I" akocucTeM NMpu KIUMATUYECKUX U3MEHE-
HUSIX, a TAKXKe B pe3yJibTaTe MPUPOIHBIX U aHTPOTIO-
TeHHBIX HAPYLLIECHUIA.

Llenbio maHHOI paOOTHI SIBIISIETCS ONUCAaHUE pa3-
BUTHS CETH, COCTOSTHUS HAOJIOIeHUI, a TaKKe aHa-
JIN3 pe3yabTaToB, MOJIYYEeHHBIX Ha peTMOHAJIbHBIX Ce-
TIX U CTaHLMSX, BKIIOYeHHbIX B RuFlux — Hanmo-
HaJIbHYIO cucTemMy MoHuTopuHra I1I' B mpupogHbIx
9KOocHCTeMax. 3agadyaMu pabOThI SIBJISIOTCS OlleHKAa
pENpe3eHTATUBHOCTU ceTh; 00001meHue cyMmm NEE
3a TOJI M BETeTallMOHHBIE CE30HbBI; OIICHKA MEXKTOI0-
BOI M3MEHYMBOCTU M MHOTOJETHUX TpeHOA0B NEE;
cpaBHeHUe ce30HHOro xoga NEE Ha cTaHIIUSX C pa3-
HBIMM KJIMMAaTHYECKUMM YCJIOBUSIMHU; OIIMCAaHUE
BAUSIHUS ¢pakTopoB cpenbl Ha NEE, a Takke onuca-
HHE BO3MOXHOCTEI ITPOTHO3UPOBAHUS W ILIOLIAMI-
HBIX OLIEHOK YIJIEPOAHOIO OajaHca C ITOMOIIBIO TaH-
HbIx ctaHouit RuFlux.

METO/I TYPBYJIEHTHBIX TYJIbCALIUA

Jlas ormeHkn moTokoB M 6ananca I1I" B Ha3eMHBIX
DKOCHUCTEMAaX UCITOJIb3YyeTCs JIMHEeKa METOIOB (B IO~
pSIIKE YBEJIMYCHMSI MPOCTPAHCTBEHHBIX MacIITabOB
WCCIeOOBaHMIi): KaMEpHbIe U3MEPEHUS, y4eT Oro-
MacChl Ha IPOOHBIX IUIOIIAMSX U YYeT YyIJiepoja B
MOYBE, METOJI TYPOYJIEHTHBIX MYJIbCALINiA, METO BbI-
COTHBIX (aTMOC(EpHBIX) MayT, CIIyTHUKOBBLIE Ha-
omopeHus. EQMHCTBEHHBIN TIPSIMOM METOM, IT03BO-
JISIo1IUiA oeHUTh MoToK CO, HAa ypOBHE DKOCUCTE-
Mbl (ot 100 X 100 mo 1000 % 1000 M) ¢ BBEICOKUM
BPEMEHHBIM pa3pelieHueM — METOJ TYPOYJEHTHBIX
nyascauuii (MTIT). MTII no3BoJjisieT paccyuTaThb,
CKOJIbKO rpaMMOB BelllecTBa (Harpumep, CO,) nepe-
MECTUJIOCh C ENMHMYHON IUIomanu (KBaapaTHBIA
METpP) 9KOCUCTEMBI B aTMocdepy WiIn U3 aTMOchepbl
B skocucteMy. MTII B HacTosiee BpeMs sSIBASIETCS
OIHYM 13 HanboJee TOYHBIX U TEOPETUUECKU 000C-
HOBAHHBIX METONOB OIIpeAeIeHUs [TIOTOKOB YHEPIUU
¥ BEIIeCTBa MeEXIy KOCHCTeMaMHU M aTMocepoil
(bypb6a u np., 2016; Kypbarosa, Onbues, 2017*; Bal-
docchi, 2020; Baldocchi et al., 1988*; Burba, 2022%;
Eddy ..., 2012; Foken, 2008*).

Teopetnmueckass ocHOBa MeTonma OasmpyeTcs Ha
Teopun TypOyneHTHocTu KonmoropoBa—OO0GyxoBa,
KOTOpasl OMUCHIBAET MEIKOMACIITAOHYIO CTPYKTYPY
nyJabcanuii B Toasgx 7T M CKOPOCTH TYpOYJI€HTHOTO
nepeHoca B atMmocdepe (MouuH, drmom; 1965%;
Montgomery, 1948*; Obukhov, 1951*; Swinbank,
1951*). BepTukaibHbI1 TypOyaeHTHbIM moTokK III
paccuMThIBaeTCsl KakK KoBapualus (OCpemHEHHOE
MPOU3BEACHUE ITyJIbCAL[il) BEPTUKAJIBHON KOMIIO-
HEHTBI CKOPOCTHU BeTpa (W) M KOHLIEHTpalluU UCClie-
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myemoro Ta3za (c¢) (byp6a u np., 2016). Tak Kak OCHO-
BOM I pacueTa ITOTOKa SIBJISIIOTCS ITyJbCalliu
(MITHOBEHHbIC OTKJIOHEHMS OT CPEIHMX 3HAYCHWUIA),
MTTI Takke Ha3BIBAIOT MYJILCAIIMOHHBIM METOIOM.

HucTpymMeHTaNbHEIE HAOMIOASHMWS, OpPraHU30-
BaHHBIC B COOTBETCTBUH C TEOPETUICCKUMU OCHOBAMU
MTTI, mo3BOJISIIOT OCYLIECTBISITh AaBTOMAaTUYECKUIM He-
MpepbiBHBIF MOHUTOpUHT ToTokoB I1I' (CO,, CH,,
H,O0 u np.) u sHepruu. [epBuyHbie U3MEpPEHUS OCHOB-
HBIX mapameTpoB MTII — ckopocTu BeTpa Mo Tpem
MIPOCTPAHCTBEHHBIM OCSIM 1 KOHLICHTPAIIWIA NCCIIeAye-
MBIX Ta30B — BemyTcs ¢ yactoToit 50—100 I11. Peructpa-
LM TaHHBIX TPeOyeT BBICOKOTOUHBIX M MaJIOMHEP-
LIUOHHBIX IIPUOOPOB: TPEXMEPHBIX YJILTPa3BYKOBBIX
aHEMOMETPOB M MH(PaKpaCHBIX ra3oaHaan3aTo-
poB. IlapajjelbHO OCYIIECTBISIOTCS aKTMHOMETPH-
YeCKUe, METEOPOJIOTUYECKIE M OMOMETPUIECKIE aBTO-
MaTHUYEeCKYe HAOIIOAEHMS C YacTOTOM OoT 1 ¢ 1o 1 MuH,
KOTOpbIE TIO3BOJISIIOT MHTEPIIPETUPOBATH OLIEHKU
MOTOKOB Ta30B, MojiyueHHble Ha ocHoBe MTTI. Cu-
CTEMBI ITYJIbCAIITMOHHBIX 1 TOTIOJIHUTEIbHBIX U3MEpPe-
HUU OOBEOIVHSIOT B €IUHBIN MTporpaMMHO-anmnapar-
Hblit KomIuieke — DKC (puc. 1).

C nomoipsio DKC KpyriocyTouyHO U KPYIJIOro-
JIWYHO T1OO0 B TEYCHUE BETeTAllMOHHOIO CE30Ha pe-
ructpupyrorcsa noroku IIIT m MeTeopoaorndeckue
nmapameTphl. JdanpHelilnass oopadoTKa JaHHBIX (pac-
YeT IMOTOKOB, BBOI IIOIIPaBOK, KOHTPOJIb KayecTBa,
¢unbpTpanys TaHHBIX, 3aII0JITHEHHE IIPOITYCKOB) IIPO-
BOIUTCS C TIOMOIIBIO CITELIMaJIbHOIO MPOrpaMMHOIO
obOecneueHus. PacyeT MOTOKOB M OCpeoHEHHE Me-
TEOPOJIOTUIECKNX JAaHHBIX OOBIYHO OCYIIECTBIISICTCS
ISt BpeMeHHbIX nHTepBajoB 30 muH. HenpepbiBHast
3aMUCh MO3BOJIsSIET oLleHUTh OanaHc I1I" akocucTeMsbl
KakK Ha KOpOTKMX oTpe3Kkax BpemeHu (0.5 4), Tak 1 B
CyMMe 3a MeCSIII WK 3a rof (Tobl).

PaccuutaHHble BEJIWUYMHBI TOTOKOB COAEPXkKAT
cly4daiiHble U CUCTeMaTUYeCKHe TTOTrpelIHOCTH, BO3-
HUKaloIMe 13-3a HapylleHWi IOMyIIeHWi MeToa,
c00eB B paboTe 000py10BaHus WY OLIMOOK MpU 00pa-
6otke naHHbIX (Eddy ..., 2012). ITpouenypa o6padboTku
JNAHHBIX TIpearnoJjaraeT MCIOIb30BaHUE CTaTUCTUYE-
CKUX TECTOB JJIsI OTOPAKOBKM HEKOTOPBIX NaHHBIX, a
Takke BBOJ IMOMNPABOK, YYUTHIBAIOIIMX OCOOCHHOCTU
TYpOYJIEHTHOTO TIEpeHOCa, XapaKTEPUCTUKU 00Oy I0-
BaHUsl, €ro pa3MellEHUE B TPOCTPAHCTBE U YCJIOBUS pe-
TMCTpalliu JaHHBIX. PeryisipHoe oOcinykrBaHre 000-
pyIooBaHUsI, 00paboTKa MAHHBIX B CTPOTOM COOTBET-
CTBUM C TIPUHSTHBIMU B MEXIYHAPOAHOM HayYHOM
coobiiectBe pekomeHmauusimu  (Baldocchi, 2020;
Eddy ..., 2012; Pastorello et al., 2020*) 1 OoJbIIast IIpo-
JIOJKUATEIBHOCTD HETIPEPBIBHBIX HAOJI0IEHU 1 TTO3BO-
JIIET 3HAYUTEJIbHO COKPaTUThb HEOMpeaeSeHHOCTh
OLIEHOK 3KOCUCTEMHBIX MOTOKOB, IMOJy4aeMbIX Ha
ocHoBe MTII. Ha cerogustiHuii geHbp Omaromapst
CTaHIapTU3aLU1 TpeOOBaHMIA K 000pYIOBaHUIO, Opra-
HU3ALUM SKCIEPUMEHTa U TIPOLEAYphl 0OpabOTKU
nmaHHbeIX MTTI crocobeH o6ecneYynTh BBICOKYIO TOY-
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KYPUYEBA wu np.
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aTYMKU TIOTOKA
Teria B MOuBY C’é\CE, JlaT4vKy TeMIIeEpaTyphbl 1 0ObEMHOTO
BJIATOCOIEPKAHUS B IIOYBE

Puc. 1. Cxema CTaHZ[apTHOfI 9KOJIOTO-KJIMMaTUYeCKO CTAaHLIMU B JIECHOI 3KOCHUCTEME.

HOCThb ¥ CONOCTaBUMOCTbD IOJy4aeMbIX oleHOK (Kyp-
6aroBa, OmnpueB, 2017%).

M3mepeHHBIe TOTOKU SIBJISTIOTCS OCPEIHEHHBIMU
110 00J1aCTU BOKPYT BBIIIKM, KOTOPasi Ha3bIBAETCS 30-
HOI oXBaTa WU 30HOU BAUSHUS (B aHIJIOSI3BIYHOMN
ymreparype — footprint) (Hsieh et al., 2000*; Kljunetal.,
2004*; Kormann and Meixner, 2001*). Ocpennenue
OCYILIECTBJISIETCSI C BeCOBOU (pyHKuMen (hyHKIIMEH
¢yTIpUHTa), 3aBUCIIICH OT METECOPOJIOIrMUECKUX
YCJIOBUM 1 YOBIBAIOIIEH C YBEIMYESHNEM PACCTOSSTHUS
oT BHIIIKKA. 90% manbHOCTHU 30HBI OXBaTa BBIIIEK —
3TO IECITKM—COTHU METPOB B 3aBUCUMOCTU OT BbI-
COTBI pa3MellleHUs1 00OPYIOBAHMS Hajl PaCTUTENb-
HBIM TTOJIOTOM U MOTOAHBIX YCJIOBUM 1 TUIIA TTIOBEPX-
Hoctu (Burba, 2022*). BricoTa BBIIIIKY JOKHA OBITh
B 1.5—2 pa3a GoJibliie BEICOTHI pacTuteabHoCcTH (Byp-
6a u 1p., 2016).

ComtacHO pyCCKOSI3BIYHON TEPMHHOJOTUU U3Y-
yeHusd yriaeponHoro nukia (Kynespos u ap., 2007%),
¢ niomoipbio MTII MOXHO IpPSIMO OLIEHUTh YMCTHIN
sKocucteMHbli oomMeH CO, (NEE), npencrasisiio-
KU coboii OanaHC BepTUKAIbHBIX MOTOKOB CO,
MEXIy aKocucteMoit 1 atMmocdepoii. NEE sBisieTcs
pa3HUlIelt MeXy BblaeseHueM 1 nornomeHueM CO,
B DKOCHCTEME, TO €CTh Pe3yJILTUPYIOIIEH AByX OMO-
JIOTMYECKMX TIPOLIECCOB: 3KOCUCTEMHOIO ObIXaHUS,
TER, w BanoBoii mnepBWYHOU mnponykuuu, GPP
(Chapin et al., 2006%):

NEE =TER — GPP, (1)

TER nipencrasiseT coboii Beiaenenue CO, B pe-
3yJbTaTe Pa3IOXEHUSI OpraHUYEeCKOro BelllecTBa U
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IbIXaHusl pacTeHuii, a GPP — ycBoeHMe yriepona
pacTeHUsIMM B ipoliecce porocunresa. [Ipu NEE > 0
3KocucTeMa siBisieTcss uctouHukom CO, s atMo-
cepnl, a nipu NEE < 0 — cTOKOM (IIPOMCXOIUT IO~
mionieHue CO, u3 atMmocdepsl). C nmomorbio MTTI
MOXHO HEMOCPEICTBEHHO OLIEHUTh TOJBKO OajlaHC
9KOCUCTEMBI C aTMOC(epoii Mo BepTUKAIBLHBIM 10~
tokam CO,, T.e. NEE. U3mepeHHblit NEE MOXHO 3a-
TEM pacyeTHBIM crtocoooM pasnenutb Ha TER u GPP
(Wutzler et al., 2018%).

MTII TtakKe IIMPOKO MCITOIB3YETCS Ui M3yde-
HUSI CYMMapHOIO HCIIapeHUsl 3KOCHUCTEM, TypOy-
JIECHTHBIX TOTOKOB TeIlJIa 1 ITOTOKa UMITYJIbCca B IIpU-
36eMHOM cJioe atMocdepsl. [71aBHOE IIPEenMYyIIECTBO
MTII — 3TO0 MpOCTPaHCTBEHHO-UHTErPaJbHBINA Xa-
pakTep NoJydaeMBIX OLICHOK IOTOKOB SHEPTUU U Be-
IIeCTBA, COOTBETCTBYIOLIMX IUIOMIAAY MCCIIeIyEMOM
skocucteMsl (Kypoartosa, Onpues, 2017*; Baldocchi,
2003*; Tramontana et al., 2016*).

OBBEKTHI UCCIIEJOBAHUN
Obobwenue ungopmayuu no cmanyusm RuFlux?*

Kpatkast ungopmarius 1o 22 cTaHIUSIM MOHUTO-
puHra, BKIoYeHHEIM B ceTh RuFlux, ripencrasieHa B
Ta6a. 1, Ha puc. 2 u 3. Pororpadun CTraHLUH, I1O0-
JIpOOHOE OIMCaHUEe PACTUTEIBLHOCTU, TUIIBI TOYB,
noapOOHOCTU 00PadOTKU TaHHBIX M OIMCAHUE IIPU-
OopHOIT 0a3bl MpencTaBicHB B JOIMOTHUTEIHLHBIX

4 Peruomsl B Ta6. 1 u B cJIeyIOIIeM IToApas3aesie pacioa0KeHbI
B aJihaBUTHOM TIOPSIZIKE.
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I BeuHo3seneHbIe XBOIHBIE Jieca
I JlucTonaaHble XBOWHBIE Jieca
I JlucTonaaHble TMCTBEHHBIE Jieca
I CwmelianHble jeca
B CoMKHYTBII KyCTapHUKOBBI TTOKPOB
[ Penxuii KycTapHUKOBBI TTOKPOB
[ Penxonechst, coMKHyTOCTH 30—60%
Penkosechsi, coMkHyTOCTh 10—30%
[ TpaBstHuCTBIE COOOILIECTBA
[ Henepecsixatoliue 6010Ta
[C] ArpoakocucteMbl
I AHTpornoreHHbIe JTaHAIA(TH
] Mos3aiika npupoaHbIX JaHamabToB
[ IMocTosiHHbIE CHeTra U JIbIIb
; a ‘ ' : [ MecTHOCTD, TMLIIEHHAs! PACTUTEIbHOCTU
KM-Mu : ” ; : [ BonHble MOBEPXHOCTH
TV-Fy4 (B)
KM-Mu2 KM-Mu
KM-Muh KR-Zol

0.5 1 xm s 1 kM

Puc. 2. PazmenieHne n3MepuTEIbHBIX KOMIUIEKCOB (TOYKaMU) M JIOKAJbHBIX ceTeil m3MepeHuit (kBagparamu) RuFlux (a).
B yBenmueHHOM MacinTabe mokKa3aHbl Ha Bpe3Kax JoKaiabHble ceTd: (6) B TBepckoit oomactu (TV-Fyo, TV-Fy2, TV-Fy3,
TV-Fy4), (8) Xantei-MaHcuiickoM aBToHOMHOM oKpyre (KM-Muh, KM-Mu2, KM-Mu3) u (r) KpacHosipckom kpae (KR-
Zol, KR-Z02). Uunekchl cTaHUUi TpuBeeHbl B Ta0I. 1.

IIpumeuanue: OcHOBa KapThl pa3MeIIeHUSI U3MEPUTEIIbHBIX KOMITJIEKCOB IocTpoeHa 1o nanHeiM MODIS (Broxton et al.,
2014). OcHoBa KapT JIOKaJIbHbIX ceTeil uaMepeHuii — Imagery ©2022 TerraMetrics, Map Data ©2022 Google.

Puc. 3. Tunmnuabie n3mMepuTebHble KoMIuIeKehl RuFlux: (a) Ha mmockobyrpructoM 60sioTe (BBICOTA BBIIIKU 6 M, CTAHITUS
KR-Iga) u (6) B necy (BoicoTa BbIikM 34 M, ctaHust YA-EIg).
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matepuanax (JAM_ 2, puc. 10-12; IM_3, taba. 3;
JIM 4, Texct wu Tabn. 4); OONOJHUTEIbHBIC
MaTepHraibl JOCTYITHBI IJIsT JaHHOU cTtaThu 1o DOI:
https://doi.org/10.31857/S2587556623040052 u
EDN: CTGOHO.

Pazeumue cemu nabarodenuit no MTIT
Ha meppumopuu Poccuu

Kpacrnosipckuii kpail — oqyH U3 TIEPBbIX PETMOHOB
Poccuu, rne ObUIM HavYaThl U3MEPEHUST DKOCHUCTEM-
HbIX 1T0TOKOB I1I"' mo MTII. PernonansHas cetb DKC
KrasFLUX co3gana Ha ©6a3e MWMHctutyra Jeca
M. B.H. CykaueBa (MJI CO PAH) B skocucreMax
KJTIOYEBBIX OMOKJIMMAaTHYECKMX ITPOBUHIINI Gacceii-
Ha peku Enwuceit (60°—67° c.m1.). Mctopusa peruo-
HaJIbHBIX UCCJIeTOBaHUIT OajlaHCa yIiiepoaa B 9KOCH-
cremax Cpenneii Cnbupm BeIeT cBOe HAJYaJIO C MH-
JIOTHBIX pa6oT B 1996—1998 rr. (Schulze et al., 1999)
" nX pa3Butus B pamkax npoektoB EC Eurosiberian
CarbonFlux (1998—2000 rr.) (Heimann, 2002) u Ter-
restrial Carbon Observation System (TCOS): Siberia
(2002—2004 rr.) (Schulze et al., 2002a) mom pyKoBOI-
ctBoM Tipodeccopa D.-/1. Illynee, UacTUTYT OMO-
reoxumMun obiectBa Makca Ilnanka (I'epmanus).
IToMuMO peryiasipHBIX KpYIJIOTOOMYHBIX aBAALIMOH-
HBIX U3MEPEHUI Ta30BOro cocTaBa (KOHIIEHTPALUS 1
n3otonHelil coctaB CO,, CH, u CO) B norpaHu4HOM
cioe atmocdepbl EHucelickoro TpaHcekTa (Levin et al.,
2002*; Lloyd et al., 2002a*), B 1996—1998 rr. 6bUIN
3anyuieHbl udMepeHust NEE B COCHSIKE TUITAaAiHUKO-
BOM M Ha TpeX y4acTKaxX TOP(MSIHBIX OOJIOT B paiioHe
n. 3otmHO TypyxaHckoro paiioHa KpacHosipckoro
kpas (YebakoBa u np., 2014; Arneth et al., 2002%;
Lloyd et al., 2002b*; Schulze et al., 1999; Schulze et al.,
2002b*; Shibistova et al., 2002a*, b*; Tchebakova et al.,
2002%*), yeThIpeXx3JIaKOBOM CTEeNM C npeodiagaHueM
koBbII B CeBepHoil Xakaccuu (IOXHBIC pPailOHBI
Cpenneit Cubupu) (YebakoBa u np., 2014; Belelli
Marchesini et al., 2007*). ITo3gnee, B 2000 r., DKC
Havany QyHKIMOHMUPOBATh Ha TPEX y4acTKaX Cpell-
Hell Taiiru: B Oepe3HsIKe, CMEIIaHHOM TEMHOXBOM-
HOM JIecy U MUXTapHUKe B paiioHe . Boporoso Ty-
pyxaHckoro paiioHa (Rdéser et al., 2002*). Ha6mone-
Husa mo MTII ma DKC B paitoHe m. Boporoso
OCYILECTBJISIUCH A0 KOHIIA BET€TallMOHHOIO CE30Ha
2000 r., B paitoHe 1. 30TMHO M B XaKacCum — [0
2002—2004 rT., IOC)IE YETO, B CBSI3M C OKOHYaHUEM
MEXIAYHApPOJHOM MpoTrpaMMbl UCCAEIOBAHUI, U3ME-
puTelIbHbIE CHUCTEMBI OBUIM JIEMOHTHpPOBAHBI. B
2004—2006 rr. 6bUIa co3maHa MeXIyHapoaHasl 00-
cepBatopus “ZOTTO” B (25 kM 3amagHee M. 30TUHO)
M 3aITylIeHbI KPYIVIOTOJINYHBIC IPELM3NOHHbBIC UCCIIC-
noBaHus KoHueHTpanuu I1I° u aspo3oseii atmocdephl
C TIOMOIIIbI0 YHUKAJILHOTO KOMIUIEKCAa HAy4HOI'o 000-
pyaoBaHUsI Ha 6aze MauThl BbicoToit 300 M (TuMoxuHa
u ap., 2018*; YpbaH u np., 2019*). 3oHa oxBata uame-
PEHMI1 06CepBaTOPUU COCTABIISIET OoJIee 2.5 MIIH KM?
(YpOan u ap., 2019%*). Ina macimTabupoBaHUS UHTE-
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IPUPOBAHHBIX OLIEHOK OallaHca yriaepoaa B IIepUo C
2004 1o 2016 1. 6pUTa pasMeleHa 1enas cetb DKC B
KJTIOUeBBIX 3KocHcTteMax. B 2016—2019 rr. paGotaia
OKC B nuXTapHUKE OCOKOBO-Pa3HOTPABHOM (BBIIII-
Ka neMmoHtupoBaHa B 2022 r.). Uamepenus NEE Ha
6a3e DKC nonoHeHBI pery/IsipHbIMI KAMEPHBIMU Ha-
OmoneHUSIMM TTOTOKOB yriepona. B 2018 1. B acTyapHoit
30He p. Enuceii cozmana oocepBaropust “DIAMIS” u
3amyllieHbl KpyrioroguaHbele usMmepenus I1I7 B npu-
3eMHOI1/TIPUBOTHON aTMocdepe Ha I0TO-3almagHOM
nobepexkbe MoJyocTpoBa TaliMBIp OJIsI TEPPUTOPUUN
miomanelo ~625 Teic. kM? ([ManoB u ap., 2022%;
Panov et al., 2022%).

B nacrosmmee Bpemst B Cpennaeit Cuonpu (pyHKIIIO-
HupytoT DKC B 4ertblpex OuoreornieHo3ax (KR-Zol,
KR-Z02, KR-Tur, KR-Iga; cm. JIM_5, 4. 1; momosn-
HUTEJIbHbIE MaTepUaibl JOCTYITHBI 1711 JAHHOI CTaTbu
o DOI: https://doi.org/10.31857/ S2587556623040052
n EDN: CTGOHO). Ha nByx 1oxx#bix DKC 1mmognep-
JKMBAIOTCS CTallMOHAPHbIE KPYTJIOTrOAUYHbIE HA0JIIO-
JIEHUSI, Ha IBYX CEBEPHBIX — CE30HHBIE (aIlpeib—OK-
Ts10pb). B 2023 1. 1TuraHupyeTcs 3amycK HOBOI CTaH-
min (KR-Zo4) Ha HU3MHHOM 00JIOTE OKOJIO
obcepBatopuu “ZOTTO”.

B Hoeseopodckoii o6aracmu, B ceBepo-3amamHoii 9a-
ctu EBpomneiickoit Tepputopun Poccun, Ha Banmaii-
CKOI1 BO3BBILLIEHHOCTH PACIIOJIOXKEH UCCIIEI0BaTE b~
cknii moymroH “Jlor TaexXHBI”, TTpUHaIICKAIINIA
Banpaiickomy ¢unmnany l'ocymapcTBEeHHOTO TUAPO-
Jornueckoro uHctutyta (B® I'TH), npoBonsiieMy
3nech ruapoorndeckue HadmoneHus. DKC NO-Lta
(ecm. IM 5, 4. 2; NOIOJHUTEIbHBIE MaTepuaabl
IOCTYIIHBI  1JIss  JaHHOM crarbu 1o  DOIL:
https://doi.org/10.31857/S2587556623040052 u
EDN: CTGOHO) pacnonoxeHa Ha TeppuTopuun Ha-
UOHaJbHOro Iapka “Banmmaiickmii” B 110-1eTHeM
eJIbHUKE MEJIKOTPAaBYATO-3€JICHOMOIITHOM C MpUMe-
CbIO COCHBI (3aMOJIOAYMKOB U 1p., 2017%).

Pecnyonruxa Komu. IlepBble KOMILUIEKCHBIE UCCIIE-
JIOBAHUS TUJIPOJIOTUYECKOTO PeXXKUMa, PACTUTEIBHO-
ro MOKpoBa, 3aIMacoB yrjiepoja U 3Hepro-mMaccooon-
MEHa Ha Me30-oJurorpodHoM 6ojore Ycrb-Iloxer
(cranuusa KO-UPo), win Menna-ITsB-Hiop, mpose-
neHbl B 2006—2010 rr. crienmanvctaMu u3 ['epmaHum
B paMmKax MexIyHapomHoro mpoekta EBpocorosa
“Quantifying the carbon budget in northern Russia:
past, present and future”. B 2012—2016 rr. ucciiego-
BaHUS ObUIM TIPOJOJIKEHBI cCOTpyaHUKaMu MHCTUTY-
ta omoyiornm Komu HII YpO PAH B pamkax mexmy-
HapoaHoro npoekta [TPOOH/TD® “Strengthening
protected area system of the Komi Republic to con-
serve virgin forest biodiversity in the Pechora river
headwaters”. B 2013—2014 rr. Obl71 OOHOBJIEH U3Me-
putenbHbIl KoMmiuieke KO-UPo, a Takke OTKPBITHI
eme 3 OKC (cm. AM_5, 4. 3; nOMOJHUTENbHBIE
MaTepuaibl JOCTYITHBI IS JaHHOU cTaThu 1o DOI:
https://doi.org/10.31857/52587556623040052 u
EDN: CTGOHO): B enpHuke (KO-Lya), B cocHsike
Ne 4
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(KO-Yak), a Takxke Ha KpyITHOOYTpHCTOM OOJIOTE B
Mure. Crannus B THTe K 2022 1. OCTaHOBJICHA.

B Pecnybauxe Caxa (Akymus) criiaMu COTPYIHM-
KoB MIHCTUTYyTa OMOJIOTMYECKUX IMPOOJIEeM KpPHUOJIU-
to30HbI CO PAH co3mana yHuKajabHasi B MUpE U B
Poccum mexnynaponnast cetb DKC SakhaFluxNet
10 U3YYECHUIO KITUMATUIECKUX U OMOTeOXUMMUUECKUX
UKJIOB B Mep3j0THO 30He Ha CeBepo-BOCTOKE
Poccumn. 3nece B reuenue 30 neT B paMKax 53-x MexX-
TYHAPOIHBIX U MEXIIPaBUTEIbCTBEHHBIX TPOEKTOB
10 U3YyYEeHUIO M3MEHEHMS KJIMMAaTa C 18 ctpaHamMu Mu-
pa co3maHbl YeThIPE KPYITHbIE HAYIHbIEC CTAHIIMY MUPO-
BOIO YpPOBHSI, BXOIsIIMe B ceTu HadmoneHuit Global
Carbon Project, CarboEurope, AsiaFlux 1 ScanNet.
HccnenoBaHbl KIIMMAaTUIECKE U OMOTEOXUMUYIECKIE
0COOEHHOCTHU PEIPE3EeHTATUBHBIX MEP3JIOTHBIX 9KOCH-
cteM Poccun, o1igHEeHO COCTOSTHIE IPUPOTHOM CPEIbL,
BBISIBJICH XapaKTep B3aMMOAEUCTBUSI BCEX €€ YacTeit —
arMocdepsl, ouocdepsl, Tnapocdephl, KpUOIUTOChEe-
pei. OKC (ecm. OAM_5, 4. 4; nonoJHUTEIbHBIE
MaTepuaibl JOCTYITHBI OJIs JaHHOM cTtaThy 1o DOI:
https://doi.org/10.31857/S2587556623040052 u
EDN: CTGOHO) 0but opraHM30BaHbI B peIpe3eH-
TATUBHBIX JIECHBIX, JIECOTYHIPOBBIX M TYHIPOBBIX 3KO-
cucteMax BocrouHoit Cubupu (“Onprasiin” — YA-Elg,
60° c.ur.; “Cmacckas maap” — YA-SPI, 62° c.r.; “Ko-
mak”, 70° c.r; “Yokypmax” — YA-Ckd, 70° c.mr.).
DKC Konak nemontupoBaHa B 2016 r. Ha Bcex cTaH-
UsIX SIKyTUM B CBSI3U C CYPOBBIMHM 3UMHUMM HOTOJI-
HBIMHU YCIIOBUSIMU M3MEPEHUS BEAYTCS TOIBKO B ITe-
puon anpeab—oKTsA0pb. st otieHku NEE B ocTanb-
HYIO 4acCTb rojia UCIIOJb3yeTCsI 3aBUCUMOCTh T ER oT
T, u NEE B xonogHsbIil nepuof (MeXIy N3MepeHUsI-
MU ) olieHuBaeTcs o Moaesn (Dolman et al., 2004*).

B Tsepckoii obracmu B KOHIIE MPOILIOro BeKa
ObJIM  HayaThl TlepBble Ha  EBpomneiickoii
tepputopuu P® Habnwoaenus Ha DKC Ha Teppu-
topun LleHTpanpHO-JIecHOTO TOCYHapCTBEHHOTO
npupoaHoro 6ruochepHoro 3anoBengHuka. Mcciaeno-
BaHMS IIPOBOISIT COTpyaHUKHY JlJabopaTopun 6Moreo-
nexosornu M. B.H. CykaueBa MHcTUTYyTa IIpOOIEM
askosoruu u 3o M. A.H. Cesepuosa PAH.
PacturenbHOCTE 3aroBefHMKA IIpeACTaBIeHa, B OCHOB-
HOM, €JIbHMKaMM Pa3IMYHON IPOAYKTUBHOCTH, 3Ha-
YUTEIBHYIO JOJ10 TEPPUTOPUM 3aHMMAIOT BEPXOBbBIC
o6omora (MunaeBa, 2001*; Ily3sadeHko u 1p.,
2007*). OcHoBHBIE (paKTOpPBl IWHAMUKU JECHBIX
9KOCHUCTEM — BETPOBAaJIbl 1 CIJIOLIHBIE PYOKU B 30HE
palOHAJIbHOIO IPUPOIOIIOIb30BaHUST 3aIIOBEIHN -
ka (Ilyzauenko u mp., 2015*; Vygodskaya et al.,
2002%*). B pamkax MmexxayHapomHoro npoekra EuroSi-
berian Carbonflux B utoHe 1998 r. Hauanu paboTy
OKC B enpHUKe carHoBo-yepHudyHoM (Milyukova
et al., 2002*) u DKC Ha BepxoBoM 0OoyioTe Crapo-
cenbekuit Mox (Hosenko, 2011*%; Hocosa, 2009%; Iva-
nov et al., 2021*; Kurbatova et al., 2002*); Takxe pa-
6orana ctaHus Ha BetpoBaie (Knohl et al., 2002%).
B 1999 r. nporpamma uccienoBaHuii ObL1a pacimnpe-
Ha cTaHIIMEeH HaOIoAeHUI B HEMOPAJIbHOM eJIbHUKE.
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B 2000 r. Ha 6010TE B CBI3M C OKOHUYaHUEM MEXKIY-
HApOIHOTO MPOEKTa U3MEPUTEIbHBIN KOMILJIEKC ObLI
nemoHTUpoBaH. B 2015 1. npu moanepxke rpaHTOB
POCCUIICKIX HAYYHBIX (DOHIIOB ITy/IbCAlIMOHHbBIE Ha-
OJroeHNsT Ha 00JIoTe OBIJIM BO30OHOBJIEHBI, a TAKXKe
YCTAaHOBJICHBI JaTYMKU METaHAa 1 OOHOBJIEHA IIpUOOP-
Has 6a3a Ha jecHbiXx DKC. 1o cocTosiHMIO HA OCEHb
2022 1. xpyrioroguaHbie HabmoaeHust DKC moamep-
XuBaloTcsd B 4-x skocucreMax (cm. JM 5, 9. 5;
JIOTIOJIHUTEIbHbBIE MaTePHUAIbl JOCTYIIHEI 111 JAHHOK
cTaThu no DOI: https://doi.org/10.31857/
S2587556623040052 1 EDN: CTGOHO): nByx elib-
HUKaxX C pas3iMYHbIM TUAPOJOTHMYSCKUM PEXUMOM
(TV-Fyo, TV-Fy2), Ha 3apacraroiieii Boipyoke (TV-
Fy3), a Takxxe Ha BepxoBoM 6osote (TV-Fy4). Ilo-
IpoOHOE omrcaHue OOBEKTOB MCCACOOBAHUS U IIPU-
OopHoI1 6a3bl mpencrasiaeHo B myoaukanusx (Kurbato-
vaetal., 2008; Mamkin et al., 2022; Vygodskaya et al.,
2004%*).

Tomckas obaacms. CranuyoHap ILIOTHMKOBO
(TTnOTHMKOBCKMIA TaeXHbBIN CTallMOHAP) OCHOBaH B
1970 r. MHCTUTYTOM ITIOYBOBEIECHUSI U arpOXMMUU
CO PAH (r. HoBocubupck) B c. [lnotHukoBo bak-
gyapckoro paiioHa Tomckoit obmactu. IlpoBonmsarcs
KOMIUIEKCHBIE MCCIEI0BaHUS TTOYB U PACTUTEIBHO-
ctu. B 1993 1. Ha Bakyapckom 6oioTe (B 16 KM Ha
foTo-3amaj OT CTallMoHapa) HavyaThl MCCIeTOBAaHUS
norokoB CH, 1 CO, Ha rpaHuLie “OonoTo—armocde-
pa” (KpacHoB u ap., 2015*; IlaHukoB, 1995%;
Maksyutov et al., 1999*). IlepBble uU3MepeHUs: MO
MTII Ha OIUTOTPOMHOM TIPSIAOBO-MOYAKMHHOM
KOMIIJIEKCE I OTKPBITOM Me30TpOoHOM yyacTKe bak-
yapckoro 6oiiota (TO-PIt) B BereralinoHHBIE CE30HBI
1998 (c ampesst) u 2000 rr. MTPOBOAMIN MCCIIEA0BATE-
mm u3 Snonum (Shimoyama et al., 1999*, 2003*,
2004*). B pamkax IIporpammer CO PAH, mpoekra
Muno6pHayku P®, a Takke B paMKax IIPOrpamMMbl
Kap6onoBoro nosmrona ToMckoil ob61acTu myabca-
LMOHHBIE HAOIIOAEHUI BO300OHOBIEHEI B 2022 T.

Xanmoi- Mancuiickuii asmonomubtii okpye. Hadmro-
nenust mo MTII npoBoasgTcsa Ha 6a3e MeXIyHapOI-
HOI 11oyieBoii ctaHuyu MyxpuHo (Alekseychik et al.,
2016*; Lapshina et al., 2015*) FOropckoro rocymap-
CTBEHHOTO yHUuBepcuTeTa. CTaHIIMs pacliojioKeHa B
LHeHTpaJbHOI yacTu 3anamHoii Cubupu, B 20 KM K
[oro-3amnany oT XaHThI-MaHCHIICKa, Ha BTOPOI Tep-
pace yeBoro oepera p. MpThi (Hegajaeko OT CIIMsI-
Hus ¢ p. O6b). Cranuus otkpsita B 2009 1. 1ipu 1moj-
nepxke [TpaButenbcTBa XaHThI-MaHCUIICKOTO aBTO-
HOMHOTO okpyra u Komnanuu “CanbsiM Iletponeym
HesenonmenT H.B.”, pasBuBaiachk Ipu noaaepxKkKe
npoekToB INTERACT, PO®U, rpanra [1paButesb-
crBa TioMeHcKoil obOmactu, a Takke KapOoHoBOro
nojauroHa “MyxpuHo”. BegeTcss MOHUTOPUHT OMO-
pazHoOOpa3usi, CKOPOCTU Pa3JIOKEHUSI OpraHuue-
CKOTO BEIIeCTBa, THIPOMETEOPOJIOrnIeCcKIe Ha0II0-
nenus (Dyukarev et al., 2021a*, b*). HerpoHnytoe 60-
J0TO MyXpHUHO MMeeT IUIOLIAAb OKOJIO ~75 KMZ,
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Puc. 4. PacripenesnieHue cTaHIMI HaOIIOMCHUIA TIO Cpel-
HeromoBoii Temnepatype Bosayxa (7) v romoBoii cyMme
ocankoB (P) mo OGmuxaitiieit K U3BMEpUTETbHOMY KOM-
TUIeKCY CTaHAapTHOM MeTteoctaHuuu 3a 1991—2020 rr.:
(a) pacnipenenenue Ha ¢oHe 7T u P 1o Bceil TeppuTopun
Poccuu; (6) coBpeMeHHOE U3MEHEeHUe KIuMara 1o oyiu-
xkaimeit K craniuu RuFlux meteocranuuu. Koasl ctaH-
Ui MpUBEaeHBI B Ta0OI. 1.

Ipumeuanus. Ha puc. 4a cepble KPYyKKHM TMOKa3bIBAIOT
cpenHeronoByto Tv Pus apxuBa CRU TS v4.03 (Harris et
al., 2020*) mo perynsipHoii cetke 0.5° m1st Bceit TeppuTo-
pyu Poccum 3a 1991—2020 rr. 3Hauku, ob603HavaIoIMe
CTaHLMHU (B 3aBUCUMOCTH OT TUIIa 9KOCUCTEMBI U PacTU-
TenbHOCTH): A — arposianaiiadt, B6 — Beipyoka, E/C —
€JIOBBII MJIM COCHOBEIN Jiec, CM — cMelTIaHHBIM jec, JIc —
JIUCTBEHHBIN Jiec, bo — 60n0T10, JII — TUCTBEHHUYHbIA
nec, TH — tyHapa. VIHOeKChl CTaHUUI TPUBEICHBI B
tabn. 1. Ha puc. 46 Havyano crpenku — T u P 3a 1961—
1990 rr., yepHble Kpykku — T'u P 3a 1991—-2020 rr. I1ep-
BbIit mepuon mwist ctanuuu TO-Plt — 1966—1990 rr., mis
MO-Pus — 1973—1990 rr.

OCHOBHYIO 4YacCTh 3aHHUMAIOT OOIIMPHEIE TPSIOBO-
MOYaKMHHBIE KOMIUIEKCHI, 10 TIepudeprH pacIioyio-
XKEHbI COCHOBO-KYCTAPHUYKOBO-C(arHOBbIC y4acT-
ku (Lamentowicz et al., 2015*; Tsyganov et al., 2021%*).
Cpennsist myomHa Ttopda cocTtapisier 3.3 M, MaKCH-
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Puc. 5. Pacnipenenenue craHuuit HabGII0A€HUI IO Cpel-
Heii Temnieparype siHBapst (7y,,) ¥ utonst (T ,,) mo 6au-
Kalieil K U3MepuUTeIbHOMY KOMILIEKCY CTaHIApTHOM
meteoctaHuuu 3a 1991—2020 rr. O603HaueHUe CTaHIM
cM. Ha puc. 4. UHIeKChl CTaHLIUIA IPUBEAEHBI B Ta0. 1.

MabHas — 6osee 5 M (Bleuten et al., 2020%). ITo cocTo-
saHUI0 Ha oceHb 2022 r. B MyXpHHO OEHCTBYIOT IBE
BKC: KM-Muh n1 KM-Mu2 (cMm. M _5, 4. 6;
JIOTIOJTHUTEIbHBIE MaTepUabl JOCTYITHBI IJIS1 JaHHO
cTaThu o DOI: https://doi.org/10.31857/
S2587556623040052 u EDN: CTGOHO).

Cucrema HabmoneHuii 3a morokamu I1T" Ha cTaH-
U “MyXpuHO” MPOMOJIKAET paclIMpsIThCs. YCTa-
HOBJIEHA BBIIIIKA B MAacCUBE CMEIIAHHOTO Jieca, B
2023 r. mmaHupyeTcs 3aITyCcK HaOJIIONeHUA.

TakuMm o6pa3zoM, 16 neiiCTBYIOILIMX CTAHLIMA U3-
MEpPEeHU 0ObETUHEHBI B ITSITh PETMOHAIbHBIX CETEH B
clienyromux perrnoHax: KpacHosipckmii kpaii, Pec-
nyonuka Komu, Pecriyonuke Caxa (SAkyrtust), TBep-
ckasg ob6iactb, XaHTbI-MaHCUICKUIT aBTOHOMHBII
OKpYT; €llle IBe CTaHIMKU (PyHKIMOHUPYIOT B HoBro-
ponckoiif m ToMmckoii oonactax. B 2023 r. mmanupyeT-
¢ ycrtaHoBka AByX HOBbIX DKC B MoCKOBCKOI
(MO-Pus) n Kypckoit (KU-Kbs) o6aactsx. Eiie no
OOHOI CTAaHLIMM IUIAaHUpPYeTCs 3amycTuTh B KpacHo-
sipckoM kpae (KR-Zo4) u XaHTtel-MaHcuiickoM aB-
TOHOMHOM oKkpyTre (KM-Mu3).

PE3VYJIbTATbBI 1 UX OBCYXIEHHUE

Penpezenmamuenocmos cmanyuii
ons meppumopuu Poccuu

[J1st oLIeHKU penpe3eHTaTUBHOCTU pacIpenese-
HUSI CTAHLIVI IO TeppuTOpUU Poccum oHM pa3melrie-
HBI B KOOpIWHATaX cpeaHeil MHOToeTHe T 1 romo-
Boii cyMMblI P (puc. 4), T ssHBaps 1 utoJist (puc. 5), mo-
Ka3aHa JIOJIs CTaHLUI B pa3HBIX OMOKIMMATHYECKUX
30HaX U TUITaX 9KOCHUCTEM (puc. 6).
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(©)

Bripy0ka; 1

Arponanamadr; 1

Tynnpa; 1

Puc. 6. Pacnipenenenue cranuuii HadbmoneHuit RuFlux mo ocHOBHBIM OMOKJIMMAaTUYECKMM 30HaM (a) U B pa3HbIX TUIIAX DKO-

cucrteM (0).

Ilpumeuanue: deneHue MPUPOAHBIX 30H U TMOA30H JaHO COMIacHO oOummMM mpuHiunaMm kinaccudukanuu C.D. KypHaesa

(1973%*, 1982%).

HwnarazoH cpemHerogoBbix 7' Ha craHmmsx RuFlux
coctaBui oT —12.5 (YA-Ckd) mo 5.0°C (NO-LTa). dna-
na3oH cpemHeromoBbix P coctaBui oT 196 (YA-Ckd) mo
799 mMm (NO-LTa). T'utosi Ha BceX CTaHLIMSIX, KpOMe
snecotyHapoBoii craHuu KR-Iga u TyHapoBoit cTaH-
muu YA-Ckd, Haxonutcs B npeaenax 17—20°C (cwm.
puc. 5), B To Bpems Kak 71 SsHBapsI UI3MEHSIETCS IIpU
IBIXKEHUHU ¢ BOCTOKA Ha 3anazn ot —38.7 (YA-Elg) no
—5.9°C (KU-Kbs). ITo cpenneit 7 mionst (+10.5°C)
pPE3KO BBIIENSIETCSI caMasl CEBEPO-BOCTOUYHASI CTaH-
us cety B TyHApe SAxyrtnu, YA-Ckd.

B paitonax Bcex ctannuii RuFlux, cornmacHo gaH-
HBIM OJIVDKAWIINX K HAM CTaHIIUI CTaHOAPTHOM Me-
TEOPOJIOTMYECKON CEeTH, HAOMI0MAeTCsl yBEeJIUYEeHUE
cpenHeronoBeix 7' B nepuond 1991—2020 rr. mo cpas-
HeHulo ¢ nepuonoM 1961—1990 rr. (cMm. puc. 46, ce-
poie cTtpenku). s 12 craHumii U3 22 yBeJIUdeHUE
cpemHeronoBoit 7 mpeBbIIIacT OMHO CpeaHEeKBaapa-
TUYHOE OTKJIOHEHME. MUHMMAaIbHOE yBEIWYEHUE
cocraBuio 0.7°C (KO-Lya, KO-UPo), makcumaib-
Hoe — 5.9°C (YA-Elg), cpennee — 1.4 + 1.1°C (£SD);
9TO MeHbllIe, yeM no Poccuu 3a TOT ke mepuom —
okoio 2.0°C (Jdoknag ..., 2020*%). Bto cBuaeTeIb-
CTBYET O TOM, YTO pernoHbl Poccuu, B KOTOPHIX U3-
MEHEeHHMsI KjIuMaTa IIPOMCXOISIT Hambojaee WHTCH-
CHBHO, ¢JIab0 oXBauyeHBI U3MEPEHUSIMU TTOTOKOB 1T
Ha cemu cTaHIIMSIX OTMEYEHO YBEJIMUYEHUE CPEIHET0-
JIOBOTO KOIW4ecTBa P, Ha OeBATU — YMEHBIIIEHNE, Ha
IIECTU U3MEHEHMUsI KpailHe MaJIbl; B CpEIHEM I10 CeTHU
HM Ha OOHOM CTaHLIMM U3MEHEHME TOI0BOI CyMMEI P
HE IPEBBIIAIO0 CPEIHEKBAAPATUIHOTO OTKJIOHEHUSI.
Tpenapl P He 3aBUCEU OT reorpaduyeckoro Iojao-
KEHUSI.

Bosbias yacts (76%) cranuumii RuFlux pacmosio-
JKeHa B ITOI30HAX CPEIHEN U I03KHOM Taliru (CM. puc. 6)
B JIECHBIX 1 OOJIOTHBIX 9KOCHCTeMax. YeThipe 13 msaTu
CTaHIIMI B JIECHBIX KocrcTeMax EBporieiickoii Teppu-
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topun Poccum Haxomstcs B enoBbix Jiecax (NO-LTa,
KO-Lya, TV-Fyo, TV-Fy2); enuHCTBeHHasI CTaHIIUAS
pacrionioxeHa B cocHoBoM Jiecy (KO-Yak), mo cocto-
gauio Ha 2022 1. HY OIHO CTaHIIUU HE A€ CTBOBAJIO
B MEJIKOJUCTBEHHBIX Jiecax. B 2023 r. ruianupyertcs
3alyCTUTh U3MepeHust Ha aByx ctaHuusx (TV-Fy3,
MO-Pus) B MonomHsIKax, COpMHUPOBAHHBIX MEJIKO-
JIMCTBEHHBIMU JIECOOOpa3yolIMMU ITopojaamMu (oepe-
3a, OCHHA).

KommyecTBo craH1Mii-1eT INOO CTaHIIUI-BeTeTa-
LIMOHHBIX ce30HOB, n3MepeHHbIX Ha DKC cetu Ru-
Flux, Takxke HaMHOTO OOJIbIIIE B JIEcaX, YeM BO BCEX
OCTaJILHBIX TUTIAX 3KocucTeM. Tak, eciiu cpaBHUBATh
UIOJIbCKUE JaHHbIC, JJIs JIECOB UMEIOTCSI UBMEpPEHUSI
oosiee yeM mo 70 TakuM Mecsam, a JIsT 00JOT —
ToJIbKO 13. B mepByio ouepenb 310 00yCIOBICHO Ha-
JINYMeM IJIMHHBIX PSIIOB HAOJNIOACHUM HA CTAHLIMSIX
B IBYX JieCHbIX 9KocucTteMmax: TV-Fyo (24 monHbIX ro-
J1a HaOmoaeHuit 1o cocrosHmuio Ha 2022 1.) u YA-SP1
(23 nmosHBIX roa HaAOMIOIEHUIA).

Yucmulil 3K0CcUCmeMHbLIL 0OMeH

Cymmbl NEE 3a roa u 3a BereTanyoHHbIi ce30H. 1o
cocrosiHuto Ha 2015—2020 IT. Bce 3KOCUCTEMBI, KPO-
me BeipyOKku (TV-Fy3) u nByx enbHUKOB TBepckoii
obsactu (TV-Fyo, TV-Fy2), byHKuMOHUpOBAJIM KaK
croku CO, u3 atMmocdepsl (Tad. 2). [Ipu aTom cym-
MBI NEE TONBKO 3a BereTallMOHHBINA CE30H B €IbHM-
Kax ObUIM Takxke oTpulareJbHbiMU. Ha pasHbix
cTaHUMsIX cyMMbl NEE 3a BereTallMOHHBIN C€30H Ba-
puupoBanu ot —40 1o —270 r C/m2.

Ecmu He yauThiBath cranumio Ha BEIpyoke (TV-Fy3),
TOJIBKO OJJTHA 9KOCHUCTEMAa — 3a00JIOUeHHBIN eJTbHUK B
Tsepckoii obmactu (TV-Fyo) — siBistiiack B cpegHeM
3a Bce roabl (¢ 1999 r.) ucrounukom CO, mist aTMO-
chepnl. I3 23 net usmepenuii enosslii 1ec TV-Fyo 19
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KYPUYEBA wu np.

Tabomuna 2. YucTelii 5KocucTeMHbIi 00MeH ymiekucioro raza (NEE) na cranuusx RuFlux

NEE* + SD mexqty ronamu (Tofibl, 32 KOTOPBIE TOCUMTaHa cymMMa), T C/m? M CTOUHUK
CraHuus
rof BETeTallMOHHBIN TIEpHOL,
KR-Zol —193 (2015) Ot —139 no —253 (2013—2021) | JaHHBIE aBTOPOB
KR-Zo02 —91 (2015) Ot —86 mo —132 (2013—2021) |JaHHBIE aBTOPOB
KR-Tur — Ot —53 no —168 (2004—2005, |/laHHBIE aBTOPOB
2007—-2008, 2013—2021)
KR-Iga - Or +23 mo —58 (2016—2020) | JJaHHBIe aBTOPOB
NO-LTa —300 (2010—2011), —90 (2018) Karelin et al., 2021
KO-Lya - —327 (2013), —174 (2016) Zagirova et al., 2019b
KO-UPo - —85(2012), —77 (2013) Mikhaylov et al., 2019
YA-SPI —212 £ 34 (2000—2001, Maximov et al., 2019
2003—2011, 2013—2014)
YA-Elg —243 + 23 (2010—2015) Maximov et al., 2019
YA-Ckd —75 £ 14 (2003—2011) Maximov et al., 2019
TV-Fyo 200 (1999—2004) - Kurbatova et al., 2008
73 + 80 (2005-2014) FLUXNET2015%***
31 £ 74 (2015—2020) Ot —142 no 28 (2015—2020) Mamkin et al., 2023
106 + 122** (1999—-2020) FLUXNET2015% 1 Mamkin et al., 2023
TV-Fy2 —144 (1999-2004) - Kurbatova et al., 2008
89 + 103 (2016—2020) Ot —158 o 121 (2016—2020) | Mamkin et al., 2022
TV-Fy3 - Ot 193 o 553 (2016—2020) Mamkin et al., 2019a, b
TV-Fy4 - —60 (1998) Schulze et al., 1999
- 26 (1999) Kurbatova et al., 2009
—95 (2020) Ot —108 no —132 (2016, 2019, 2020)| Mamkin et al., 2023
KM-Muh - —202 (2015) Alekseychik et al., 2017
—83(2022) —115 (2022) JlaHHBIC aBTOPOB
TO-PIt — —88 (2022) JlaHHbIE aBTOPOB

IIpumeuanue. * OrpuniatenbHblit NEE 03HayaeT HETTO-CTOK YIJIEKUCIIOTO raza u3 arMocgepbl B 9KOCUCTEMY.

** P HECTaAallMOHAPEH: UMEETCA 3HAYMMBII HUCXOASIIUIA TPEHI.

*** https://fluxnet.org/data/fluxnet2015-dataset/ (nara obpaienust 13.11.2022).

Jiet O6bu1 uctoyHukoM CO, 1 Bcero 4 roga — CTOKOM.
B enpauKe TV-Fyo okoso 80% BBICOKOIT SKOCUCTEM -
Hoit smuccuu CO, COCTaBJSIO AbIXaHUE TTOYBbI
(Kurbatova et al., 2013*). B HeMopalbHOM €JIbHUKE
TV-Fy2, HaxopsiieMcsl B HECKOJIBKUX KUJIOMETpax
OT 3a00JIOUEHHOTrO, B cpenHeM 3a 1999—2004 rr. 3a-
¢dukcupoBaHo HerTo-TiomiomieHue CO, (NEE =
= —-200 r C/M? B ron), a B cpenHeM 3a 2016—2020 —
yxe Hetro-amuccus (NEE menee 100 r C/m? B ron).

B enpnuke B Pecnyonuke Komu (KO-Lya) NEE
cocraBwiI —327 (2013 r.) u —174 r C/m? (2016 1.) 3a Be-
reTallMOHHBINA CE30H; Cyls IO UMEIOIIUMCSI OTPHI-
BOYHBIM U3MepeHussM NEE B 3MMHUI TIEPUO]T, B TIEP-
BOM clJlydyae eJIbHUK ObLI CPETHUM MO BEJIMYMHE CTO-
koM CO, B 1IeJIOM 32 rofl, a BO BTOPOM roJI0BOii OajiaHC
CO, 6bU1 OKOJIO HYJIS1. B CE30H ¢ MEHBIIIMM CTOKOM OT-
MeueH aeduuut P u Bbicokas T B Hayajle BereTaiyvu.
NEE 110 o6mactr oxBaTa BEIIIKM B HoBropomckoit 00-

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

gactu (NO-LTa) usmenwicsa ¢ —300r C/(m? rom) B
2010—2011 r. 1o —90 r C/(m? rom) B 2018 1. (Karelin et al.,
2021).

B otimmume ot Taiirm EBpomeiickoit Tepputopnn,
cpenHeTaexXHble 3KocucTeMbl CuOupM ObLIU CTa-
OunbHBIM cTokoM CO, 1151 aTMOCchEphl ¢ BETUYUHA-
MU OT YMEPEHHBIX IO 3HAaYNTEIbHBIX. CpegHeTaex-
HbI€ IMCTBEHHUYHUKU SIKyTUU B 30HE MHOTOJIETHEM
Mep3aoThl (YA-SP1 u YA-FEIlg) npeacrasisitor coboii
Oosblioit o BenuunHe ctok CO,, B cpeaHeM Oosee
200 r C/(m? ron). NEE B 3UMHMIi TIEpUO, IO OLIEH-
kaM (Dolman et. al., 2004*; Takata et al., 2017*), co-
cTaBJis1 Ha ctTaHuMu YA-SPI Bcero aumib okosio 20—
351 C/(M? ce3oH). Ouenku NEE 3a BereTallMOHHBIN
ce3oH mig cranuuii YA-SPI u YA-Elg cocTaBiustior
—230...—275 r C/(M? ce30H) cooTBeTCTBEHHO. OueHb
CXOXKHM€e 3HAYeHMsI CTOKA 3a(DMKCUPOBAHEL B CpeIHETA-
eXHOM cocHske JuinaitHukoBoM (KR-Zol) B Kpac-
Ne 4
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HosipckoM Kpae (1o 250 r C/(m? ce3on)). CeBepora-
€XHBIH JIMCTBEHHUYHUK B 30HEe MHOTOJIETHEI Mep3-
Jotel B KpacHosipckoM Kpae 3a BereTallMOHHBIN
ce30H Obu1 OoJiee ciabbiM ctokoM CO, (B nipenenax
50—170 r C/(M? ce30H)), YeM YIIOMSIHYTHIE BbILIE
9KOCUCTEMBI.

Tpu 6010Ta M COCHOBBIN PSIM TTON30HBI CPEIHEN
taiiru Ha EBpomeiickoii Tepputopuu Poccuu, B 3a-
nagHoii n Cpenneit Cudbupu (KO-Upo, KM-Muh,
TO-PIt, KR-Z02) Obut HEOOJIBIIUM WJIN CPEIHUM
(8 mpenmenax 100—150 r C/m? B rox) crokom CO,.
ITinockobGyrpuctoe 6onoro okoso Mrapkm (KR-Iga)
B DKOTOHE JIECOTYH/IPbI, a TAKXKe BEPXOBOe O0JIOTO B
Tsepckoit o6nactu (TV-Fy4) BeicTynmamm ciaOGbiM
uctouyHUkoM CO, B OIMH TOM CPEIU TISITU JIET U3ME-

peHnii (B mpenenax 50 r C/mM? B rom), a B OCTaIbHBIE
YeThIpe Tofa U3MEPEHUI OHU MPEACTaBISLIU CO0Oit
croku CO, ¢ BenuunHoii 1o 100 r C/m? B ron. Takum
obpa3zomMm, 0OoJjioTa SIBASIIOTCS HEOOJBIIMMU JIMOO
CpEeIHMMH ITO0 MHTeHCUBHOCTH cTokamu CO,, 3a mc-
KJTIOUYeHUEM SIMHUIHBIX JIET Ha OTAETHLHBIX 00JI0TaX.

EnuHcTBEHHAasT MO COCTOSIHMIO Ha oceHb 2022 T.
cranuus MmoHuTtopruHra RuFlux B tyanpe (YA-Ckd) 6b1-
JIa OTHOCUTEILHO HebombluM (B npeaenax 100 r C/m?
B TON) U yCTORUUBBIM cTOKOM CO,.

B oTinuure oT HeHapylIeHHBIX 9KOCUCTEM, eIUH-
CTBEHHas1 B BLIOOPKE aHTPOITOTeHHO-U3MEHEHHAas! KO-
crcTeMa — BhIpyOKa — ObUTa O4eHb CUTbHBIM UCTOYHM -
koM CO, mst armocdepst (ot 190 go 550 r C/m? 3a Be-
reTallMOHHBIN ce30H). Ilo maHHBIM M3MepeHuil B
1998 1., BeTpoBaJl BTOPOTIO To/ia 3apacTaHus B €JIOBOM
secy TBepcKoit 061acTH TaKKe SABJISLICS HCTOYHUKOM
CO, g atmocdepsl (Knohl et al., 2002%).

MexroaoBasi U3MEHYMBOCTh U MHOIOJIETHHE TPEH-
el NEE. Ha momasisromeM OOJMBIIMHCTBE JIECHBIX
CTAaHIIMII OTMeYeHa 3Ha4YUTeJbHasl MeXTroIoBas U3-
MeHYuBOCTh OaslaHca CO,, cBsI3aHHasl, B TIEPBYIO
oyepenb, C MEXTOMOBBIMM BapHalUSIMU ITOTOTHBIX
YCIIOBUI M, BO BTOPYIO OUepelb, — C PEKMTMOM Hapy-
meHuii. MexronoBast uaMeH4MBOCTh 6aanca CO, B
necax Poccum B 11e710M CHIDKAaJIach € 3amajga Ha BO-
CTOK.

Yetripe enpbHuKa EBponeiickoit repputopuu Poc-
CHM, B KOTOPBIX BeayTcsl HaOmoaeHus mo MTII, ne-
MOHCTPUPYIOT OOJIbIIIME MEXTOMOBBIE BapHallUU
NEE 1o cpaBHeHMIO ¢ jecamu Cubupu. B Tpex enb-
HUKaX TakxXe 3aMKCHUPOBAHBI MOOJTOBPEMEHHEIC
tpeHabl NEE. EnpHuk KO-Lya 6611 crokoM CO, st
aTMocdepsl 100 ObLT MMPUMEPHO YTIIEPOTHO-HEM-
TpaiabHbIM B 2013 11 2016 ., TV-Fy2 6bI1 CTOKOM B Ha-
yaje 2000-x, HO cTan McroyHukoM B 2016—2020 rr.,
TV-Fyo 6bu1 cHuXawmuMmcss uctTouHukom CO, mis
aTMocdepsl B TeueHue nepuoga ¢ 1998 mo 2020 r., u
NO-LTa 6511 ctokoMm B 2010—2011 n 2018 1T, HO cTan
nuctouHukoMm B 2020—2022 rr.
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bananc yrmexucioro rasa expHuka TV-Fyo otimm-
yajicsl IBYMSI CHEUUM(PUISCKUMU OCOOEHHOCTSIMU:
BO-TIEPBBIX, OONBIIMM paszdpocoM 3HaueHUd NEE
Mexy rogamu (ot 359 1o —63 r C/m? B rog 3a epuo,
1999—2020) 1, BO-BTOPHIX, 3HAYNMBIM (TecT MaH-
Ha—Kenpgamia, p < 0.01) cHUXKEHUEM TOIOBBIX CYMM
NEE Ha TpOoTsKeHUM MHOTOJISTHETO psiia u3Mepe-
Huit. 3a 23 roga U3 cuibHoro ucrouHuka CO, (10
350—360 1 C/M?Broa B 1999 1 2001 rT.) €1bHUK CTaJ
ci1abuiM UcTouHUKOM (B mipeaenax 50 r C/m? B ron B
cpenHeM 3a 2016—2020). BeposiTHO, 3T0 GBIJIO CBI3a-
HO C MOBBIILIEHUEM BECEHHUX U 3UMHUX T (4TO cMe-
manao 6ajaHC yriaepoaa eJibHMKa B CTOPOHY CTOKa
CO,), a TakkXe ¢ MHTEHCUBHBIM pa3BUTHEM MOAPO-
cra. Takas xe 6oJblasi U3BMEHYUBOCTb MEXIY TOAa-
MM, HO TP 3TOM ITPOTUBOIIOJIOKHO HaIlpaBJICHHBIA
TpeHn NEE BBISIBJCH IJISI COCEIHET0 HEMOPAIbHOIO
enpHKa TV-Fy2. B 30He oxBara namepennii TV-Fy2
BCJIEACTBUE CUIbHOTO BeTpa B 2017 . MOSIBUJIMCH OT-
JIeJIbHBIE YHaBIIME ACPEeBbs M HEOOJIbIIas oAb,
3aHsTas BETPOBAJIOM.

Enmpauk NO-LTa B 2010—2011 rr. OBUI CHJIBHBIM
crokoM CO, 111 atmocdepsl, B 2018 1. — yxe cadbiM
CTOKOM, a mocje BeTpoBana 29.10.2019 nepeien B
cocrosinue ucrounuka CO,. AHanu3 BeanuuHbsl NEE
M0 HampaBJeHUSM BeTpa MOKa3aJl BLICOKYIO MOJIO-
XKUTEBbHYIO Koppensauuo Mexay amuccuein CO, u
TUIOIIAASIMU, 3aHSTBIMU YCBIXAIOIIUM IPEBOCTOEM U
0e3JIeCHbIMU yyacTKaMy B 00JIAaCTH OXBaTa BBILIKHU
(Karelin et al., 2021). CauxxeHue monyist NEE mexmy
2010—2011 u 2018 rr. HEe MOXET OBITh OOBSICHEHO
TOJIBKO pa3ivuuyueM IOTrOIHbIX YCJIOBUIA; HauboJsee
BEPOSITHO, OHO OBLIO CBSI3aHO C MAacCOBOI TMOEIbIO
npeBocrost (Karelin et al., 2021).

Takum 06pa3oM, B HEIMOCPEACTBEHHOI OJIU30CTU
ot cranuuii NO-Lta, TV-Fyou TV-Fy2, B 30He oxBa-
Ta BhIlIeK, B 2010-x romax MosiBUJIMCH OObIINE OYa-
T'Y YCOXIIIMX eJIei 1/ M1 BEeTPOBAJIOB; (paKTUIECKI, HA
STHUX CTAHIIMSIX IO COCTOSTHMIO Ha 2022 T. OLIEHUBAIOTCS
notoku CO, B 3KOCUCTEMAX C CUJIBHBIMU PUPOAHBIMU
HapylueHusiMU. B 11e1om, 000011eHe TaHHBIX MYJIb-
CallMOHHBIX U3MEPEHUI1 B €10BBIX jJecax EBporeii-
cKoii Tepputoprum Poccru 1mokasbIBaeT 3HAYUTEIbHYIO
HECTaOWJIBHOCTH OajiaHca yIyiepo/ia B 3THUX JIeCaXx.

st necHbix skocuctem CpenHeit 1 BocTouHoit
Cubupu xapakTepHbI HaUMEHbII1as1 U3 BCEX JIECOB OT-
HOcUTebHAsI U3BMEHYNBOCTh cyMM NEE 110 TogaM u
YCTOMUYMBBIN ron oT roga crok CO,. [Iuana3zoH u3-
MeHuuBocTU NEE B necax ceBepHOI U cpenHeii Taii-
i (KR-Zol, KR-Tur, YA-SPI, YA-Elg) cocraBisin
okoso 100 r C/M? B ron. Mexronosasi UBMEHUUBOCTb
B JINCTBEHHUWYHMKAaX SKyTuu Obljla CBSI3aHA C BapMa-
el moromHbIxX yeiaosuit. M3 16 net (2000—2015) Ha
cranumu YA-SPl naumenbmmii crok (170 r C/m? B
rox) ObLI 3apuKCHUpoBaH B o4eHb cyxoii 2001 ., a Mak-
cumanbHblii (270 T C/M?> B TOI) — B CPaBHUTEIILHO
Bi1axxHbIN 2006 r. HaGmonanoch 3HaYMTENILHOE YMEHD-
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meHne akkymysiiiin CO, Kak B 3aCylIUTMBBIE, TaK U B
CUJIBHO TIepeyBJIaxkHeHHBIe Toabl (MaKCcUMOB U 1p.,
2005*; Iwasaki et al., 2010*; Maximov et al., 2003*). B
LIEJIOM, BBICOKOUYBCTBUTEIbHBIE SKOCUCTEMBI KPUO-
JIMTO30HBI MOTYT OBITh U McTOuHUKamMu CO, B 3aBU-
CUMOCTH OT Ce30Ha, MOTOJHBIX YCJIOBUM M WHTCH-
CUBHOCTH JIECHBIX TToxXapoB (Maximov et al., 2019).
MexXronoBble BapuHallMd yIVIEpOTHOIro OajaHca
MEP3JIOTHBIX JIECHBIX YKOCUCTEM BaKHO YUYUTHIBATh
MpY BepUDUKALUU U BaTUAALIMU OI0IKETa yIraepoaa
Poccun.

MexronoBast Bapuanus aOCOJIOTHBIX 3HAYCHMIA
NEE B TyHnpe ceBepo-BocTouHOU AkyTun (YA-Ckd)
ObUIa ellle MEHBIIE, YeM B CPEeOHEIPOIYKTUBHOM
suctBeHHUYHOM Jiecy (YA-SPl) B IleHTpanbHOI
Axytnu (Maximov et al., 2019).

Boyiota SBISIOTCS MOCTAaTOYHO YCTOMYMBBIMU
crokamu CO,, XOTSI OTHENbHBIE 6OJIOTa B 3aCYIILIU-
BbI€ TO/Ibl MOTYT CTaTh caa0biMU McTOUHUKamu CO,
(TV-Fy4 81999 1. u KR-IgaB 2016 T1.).

Ce3onnblii xo1 NEE v npoI0/KUTEIbHOCTD BereTa-
IMOHHOTO ce30Ha. Bce akocucTeMbl, KpoMe BBIpYOKU
(TV-Fy3) ¢dpyHKuIMOHMPOBAIM B CPeIHEM 3a BeTreTa-
LIMOHHBINA Tiepuon Kak ctoku CO, u3 atMmocdepbl
(puc. 7) omaronapsi ipeoonaganuo GPP Han TER.
Tak Kak MouTu Bce XOJIOAHOE BpeMsI rojia 3KOCUCTe-
Mbl ObLTM ucTouHuKaMu CO, u3-3a npeodnagaHus
smuccun CO, u3 nouB B atMocdepy, TO AJIUTEIb-
HOCTb BEreTallMOHHOTO Ce30Ha MOXET ObITh BAXKHBIM
¢dakTOpOM, BIUSIOIINM Ha 3KOCUCTEMHbIN OanaHC
CO, B cymMe 3a ron (Masyagina et al., 2020%).

HpOI[OJ'DKI/ITCJIbHOCTL BEreralilmuoOHHOTO C€30Ha5

YMEHBIIIAJIACh MPU ABMKEHUH € 3arana Ha BOCTOK U OT
JIECOB K O€3JIECHBIM TUIIAM PacTUTEIBHOCTH (puc. 8).
CpenHsisl IIUTENIbHOCTh BEreTallMOHHOIO Ce30Ha B
teueHure 2015—2022 rr. (3a UMeroIIecss roabl U3Me-
peHuii) 11 pasHbix OKC B jecax cocrapisuia OT
117 oaeit B cpemueit Taiire Bocrounoit Cubupu no
188 mHeit B 10:KHOI Taiire 3anmaaHoif yactu EBporreii-
ckoii reppuropuu Poccun.

Ha 6onorax EBpormeiickoii Tepputopun Poccuu
BEreTallMOHHBIN Ce30H ObLT Ha TPU-CEMb Helleb KO-
poue Mo CPaBHEHMUIO C JiIeCaMU U3-3a 00Jiee MO3THETO
TasiHusl cHera. Ha cocHoBoMm psime KR-Z02 HeTTO-
noroueHue CO, IMJIOCh Ha ABE HEJAEIU MEHbIIIE,
yeM B cocHsike KR-Zol. Ha tynnposoii (YA-Ckd) u
necotyHapoBoii (KR-Iga) ctaHumsIX BereTalluOHHBbIH
CE30H COCTaBJISIT Bcero 62 1 72 MHST COOTBETCTBEHHO U
ObUI B CpeHEM BABOE KOPOYE BEr€TAlIMOHHOIO CE30Ha
necoB cpenHeit Taiiru (YA-SPI, YA-Elg, KR-Zol).

5 BereTalMoHHBIH CE30H orpelelieH Kak Ce30H MEXIy CPOKaMM
nepexonaa cpeagHecyTouHoro NEE 3KOCUCTEMBI OT UICTOYHUKA K
CTOKY BECHOM WJIM B HavaJie JIeTa M OT CTOKa K UCTOYHUKY OCe-
Hblo. Havasio 1 KoHell BereTalluOHHOTO Ce30Ha ISl OONbIINH-
CTBa CTAHIMI OIpelesieHbl I0 rpadgukaM KyMYJISITUBHOTO
NEF (cm. puc. 7) Kak JIOKaJbHbIE 3KCTPEMYMBI: MOJOXUTEIb-
HBI BECHOI 10O B HavaJle JieTa U OTPULIATEIbHBIA — OCEHBIO.

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA
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Becennue snauenus NEE

B enpnmkax EBpomeiickoit Tepputopnn Poccum
(TV-Fyo, TV-Fy2, KO-Lya), a Takke Ha CTaHIIMU 13-
MEpEHUI1 B IMXTapHUKEe B 30TMHO OTMEUYEeHO paHHee
Hayasno nomiomeHus: CO,, elie npyu OTpULIATETbHBIX
cpenHecyTodHBIX 1. OTpunarenbpHble 3HaYeHUSI NEE
B 3TO BpeMsI 3aBUCEIN OT (DOTOCUHTETUYECKU aKTUB-
HOM pamuauuu U 7' 1, IO-BUAMMOMY, IPEICTaBISUIN
00011 He TexHIecKne apTedaKThl U3MEPEHUI, a pe-
3yi1bTaT (POTOCUMHTETUYECKOM aKTUBHOCTU BEUHO3e-
JIEHBIX pacTeHUii (ITojora 1 HIXKHUX sipycoB). boiee
TOTO, B alIpejie JUO0 Mae, IpH €llle OTPUIATEIbHBIX
T, 10 MOJHOTO CXOJa CHEXHOTO MOKpOBa, U3MEpU-
TeJIbHbIE CHUCTeMbl (DMKCHPOBAJIM HEOOJNBIINE CTOKU
naxe B mctBeHHNMYHUKAX (KR-Tur, YA-Spl, YA-Elg).
X mpoucxoxIeHue oCTaeTcsl BOIPOCOM AajibHEl-
IIMX UCCIEIOBAHMIA.

V 3abomoueHHoro enpHMKa TV-Fyo mornmomenue
CO, B OCHOBHOM ITPOMCXOJIMJIO BECHOM (Mait), a yxke
HauuHasl C UIOJISI OH CTAHOBUTCSI UCTOUHUKOM CO,
st atMocdepbl. TakuM 06pa3oM, TTOTOTHBIE YCIIO-

BUSI BECHBI BO MHOT'OM OIIpEEIsIIM TOI0OBOI OaaHe
CO, TV-Fyo.

Jemnue 3nauenus NEE

Jag cpaBHEHUSI CIIOCOOHOCTM K TIOIIOIICHUIO
CO, a3KocucTeMaMU PacCCMOTPEHBI 3HAUYEHUS B UIOJIE,
T.¢. B CEpeIrHe JIeTa, Koraa Ha OOJIBIINHCTBE CTaH-
Uit oTMedaeTcs OIM3KOe K MaKCUMaJIbHOMY HETTO-
nornoueHue CO,. 1151 Kaxnoit craHIMu ObUIO Hali-
JICHO cpelHee 3HaueHue, a TakXKe CTaHIapTHOEe OT-
KJIoHeHHue (puc. 9a) ISt BceX MHEM M3 HECKOJbKHUX
uiojeit, BBIOpaHHBIX I aHanus3a. HMronm Owblmm
BKJIIOYECHBI B BBIOODKY, €CJIM BBINOJHSUIUCH TpU
YCIIOBUSL: 1) IMEIOTCSI U3BMEPEHMSI IS BCETO MECSIIa;
2) Ha CTaHLMSIX C OOJIBIIMM KOJUYECTBOM JIET Ha-
OJIIOEHUN ObUIM B3ATHI TOJBKO 3 IOCIEIHUX roga
(o1 obGecIiedeHNsT COIIOCTaBUMEBIX pa3MepPOB BbIOO-
POK Ha CTAaHIIMSIX C MAJIBIM U OOJIBIIIMM KOJIMYECTBOM
JIeT HabJoneHuii); 3) roa He ObLJT aHOMAaJbHBIM IO
IIOTOOHBIM YCIOBUSM. B cepenmHe nera Bapuanuu
cyrounoro NEFE B necax EBporieiickoii TeppuTOpUn
Poccuu okazanucsk 60sbliie, yeM B Cudbupu.

M3 Bcex aHanM3UpyeMbIX 3KOCHUCTEM HauOOJb-
e (IyKTyalluyd WIOJIbCKMX 3HAYEHUN OKa3aluch
XapaKTepHbI IS ETMHCTBEHHOU aHTPOIIOT€HHO Ha-
pylIeHHOiT 3KocucteMbl — BeIpyoku TV-Fy3. Ha EB-
porieiickoii Tepputopnn Poccum Bapmanms CyTod-
HBIX cyMM NEE B utone Ha 6ojiote (TV-Fy4) Gbina
menblre, 9yeM B yecax (TV-Fyo, TV-Fy2, NO-LTa,
KO-Lya). TpebyeTcst yTOYHUTD, UTO Y COCHSIKa B Pec-
nyonuke Komu KO-Yak MakcuManbHbI CTOK OBLI
OTMeYeH B 1ioHe, y eabHuKa TV-Fyo — B mae. CyTou-
HbIe cyMMBI NEE B n1o1e CpaBHUTEIBHO CJIa00 MEHS -
JIUCh Ha 0OJIoTaxX MOA30H CPEAHEN W IOXKHOU Talru
3amagnoii Cuoupu (KM-Muh, TO-PIt). OgHako Ha
3TUX CTAHIUSIX UMEIOTCS JAHHBIE TOJILKO MO ONTHOMY
Ne 4
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Puc. 7. KymynatuBHbI#i uncTelii sKocucTeMHbI 06MeH CO, (NEE) B 3aBucumocTy oT aHs roga (DOY): B pasmuyHbBIX 3KOCU-
cremax TBepckoii 1 HoBroponckoii o6iacreii (a, 6); B IMCTBEHHUYHUKAX U TYHIpe SIKyTuu (B, I'); B JICCHBIX Y OOJIOTHBIX 9KO-
cucremax Pecrryonuku Komu, Xantei-Mancutickoro AO u ToMmckoii o61actu (I); B JIECHBIX U O0OTHBIX 3KocucTemax Kpac-

HOSIPCKOTO Kpas (e).

Ilpumeuanue: Kaxnasti TMHUS TIPEICTABISIET cOOO0I HAaKOIUJICHME CYTOYHBIX 3HaueHuit NEFE 3a onuH ron usMmepeHuii. Komabr

CTaHLIMM IpUBENCHBI B Ta0. 1.

ToIy U A1t 00j1ee HaJIeXKHBIX BBIBOJTOB TPEOYIOTCS 60-
Jee UIATeNbHBICe u3MepeHus. Bapuanms NEE B
HIOJIbCKUE OJHU YBEIMYUBAIACh B IMCTBEHHUYHUKAX
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OT HU3KOIIPOAYKTUBHOTIO ceBepoTraexkHoro (KR-Tur)
K CpEeIHEPOAYKTUBHOMY CpEIHETAC)KHOMY
(YA-SPI) u nanee K BBICOKOIIPOIYKTUBHOMY CpeIHEe-
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HWIOHb HI0JIb

aBT. CCHT. OKT.

| YA-Ckd

KR-Iga
KO-UPo

| YA-SPI

| KR-Tur

| YA-Elg

KR-Zo02
KO-Lya
KM-Muh

| |KR-Zol

| KO-Yak

TV-Fy3

| TV-Fy4

TV-Fyo
NO-LTa
TV-Fy2

- | CocHsK | | JIMCTBEeHHUYHUK

TyHapa || BripyOka

Puc. 8. BeretauimoHHbIi ce30H Ha cTaHusx cetu RuFlux.

taecxkHoMy (YA-Elg). CpenHuM pa3dopocoM 3HAYEHUI
XapaKTepU30BaIMCh CTAHIIMM Ha 00JIOTE B JIECOTYHAPE
(KR-Iga) u B tyHape (YA-Ckd), a Takxke obeceHHOE
6osioto Cpenneit Cubupu (KR-Zo02). Cinabrblii pa3-
O6poc u Hu3kue 3HaueHus1 NEE B uiojie (3HaUUTEb-
HBIIl CTOK) OTMEYEH [JISI COCHSIKA JIMINAaiitHMKOBOTO
Cpenneit Cudbupu (KR-Zol). Cpenu Bceit BLIOOpKU
HamboJiee CUJIbHOE HETTO-TIOMIOIIEHNE B cepearHe
JIETa BBISIBJIEHO B BBICOKOIIPOXYKTMBHOM JIMCTBEH-
HuuHuke (YA-Elg).

CpenHee cyTouHOe 3HaueHMe MIoNbcKoro NEE u
CTaHJapTHOE OTKJIOHEHWE 3HauYeHU 10 BCEM
mHsaM utoneit mist jtecoB (TV-Fyo, TV-Fy2, NO-LTa,
KO-Lya, KR-Zo1, KR-Tur, YA-SPI, YA-Elg), oxaza-
nock paBHo —1.55 £ 0.76 T C/(M? cyT), cpenHee 3Ha4e-
Hue 11 6010t (TV-Fy4, KM-Muh, TO-Plt, KR-Z02)
coctaswio —1.40 + 0.40 r C/(m? cyr). Cpennue 3Ha-
YeHUS JJisl JIECOB M OOJIOT HE OTIMYAJIUCh 3HAYMMO
(U-xputepuii ManHa—YutHu, p = 0.05). I1pu sTom
pa3dopoC CYTOUHBIX 3HAYCHUI B MIOJIE IJI OOJIOT I10
umelolieiicss BEIOOpKe B 2 paza HUXE, YeM B Jiecax
(paznuuue qucrepcuii mo F-tecTy Takxke He 3HAUMMO
npu p = 0.05). YacTUIHO 3TO MOKET OBITH CBSI3aHO C
MEHBIIIMM KOJIMYECTBOM CTaHIIMI-JIET B BEIOOPKE 1O
6oJioraM (n = 11) mo cpaBHEHUIO C Jecamu (n = 22).
Pa30opoc cyrounbeix 3HaueHuit NEE njis uioons Ha
CTaHIIMM C HanooabImnMu BapuanusamMu NEE — BbI-

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

pybke TV-Fy3 (£2.99 r C/(m? cyT)) — Gonee 4em B
6 pa3 mpeBBILIAET pPa3dpoC Ha CTAaHLIMU ¢ Haubosee
crabmnbHBIM NEE B cepenuHe eTa, T.€. Ha 00JIOTE B
Myxpuao KM-Muh (+0.43 r C/(M? cyT)).

NEFE 6 3umnee epems

151 OlIeHKM CpeIHUX BEJIUYMH U U3MEHYMBOCTU
NEE B cepenuHe 3UMBI ObUIU IIOCTPOCHBI CpeaHUE
CYTOYHBIE U CTaHIAPTHBIE OTKIIOHeHUsI NEE B stHBa-
pe Ha pa3HbIX CTaHLMAX (puc. 90). AGCcoIIoTHas Be-
JquurnHa NEE cHuXalach ¢ YyCUJIEHHEM CYpOBOCTH
3uMm ¢ BenmauH 0.4—0.65 r C/(M? cyT) B enbHUKaxX EB-
poreiickoit Tepputopun Poccum 10 0JM3KKUX K HYTIO
BEJIMYMH B JUCTBEHHUYHUKAX SKYTUM IPU CPETHUX
auBapckux T Hrxe —35°C.

B enpHukax EBpomeiickoit Tepputopun Poccun
(KO-Lya, TV-Fyo, TV-Fy2) B sHBape npu OTTEMEeNsIX
OKC ¢pukcupoBanu oTpulaTeabHbie 3HaUueHuss NEE
(crok CO,), 3aBuceBIIME OT POTOCUHTETUYECKHU aK-
TUBHOI paguauuu u 7. HecMoTpst Ha mpeobiagaHue
3UMoOIt akocucteMHoM amuccuu CO,, CWIBLHO 3aBU-
camieif ot 7, B OTHOCUTEIILHO TeTUTbIe 3MMBI OajaHC
CO, TV-Fyo u KO-Lya cmeliajics B CTOPOHY MOTJIO-
meHusi. CpaBHeHue notokoB CO, Ha TV-Fyo, noiy-
geHHBIX 3uMoii 2015/2016 rr., Xorna cpenaHss T Obl1a
611M3Ka K HOpPME, U B aHOMAJIbHO TEIUIYIO 3UMY
Ne 4
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Puc. 9. CpegHecyrouHasi BeIMYMHA YUCTOTO 9KOCUCTEM-
Horo oomeHa CO, (NEE) Ha Kax[oii CTaHLIMU 32 UIOJIb
(a) 1 stHBapb (0).

IIpumeuanue: CpenHee mokKa3aHO YEPTOUKOM, “ycaMu” —
CTaHIAPTHBIE OTKJIOHEHHWsI MO BCEM 3HAYEHMSIM BCEX
JTHEeil B HECKOJIbKMX BBIOpaHHBIX MecsiiiaXx. CTaHIUU Clie-
Ba HAIpaBO PacroOXEeHbI IO CHUXKEHUIO CPeHel rofgo-
BOM TemMnepaTypbl BO3ayXa.

2019/2020 IT. C OTCYTCTBHMEM YCTOMYMBOTO CHEXHOTO
MOKPOBa MOKAa3ajlo, YTO IOJIOXKUTEIbHAST aHOMAaJIHsI
T 3umoii IpuBeiia K JTOCTOBEPHOMY YBEJIUICHUIO CO-
otHouieHus1 GPP/TER B enbHuke (Mamkin et al.,
2022).

Js cranmmm KR-Iga B mepron akTMBHOTO CHETO-
TasiHUS (TPEThsl AeKana Masi—Hadyajlo UIOHSI) U BIUIOTh
JIO TIOJTHOTO CXOfAa CHEXHOTO MOKPOBa CPEOHSISI BEI-
unHa amuccun CO, cocrapisuia 0.42 © C/m? cyt, uTo
MOXET OBITh CBSI3aHO C BCIUIECKAMM IBIXaHUS TI0YB U
BoIcBOOOXKAeHUEM CO, ITpy oTTauBaHuu. B nuxtapHu-
Ke B 30TUHO cpenHsis BennunHa NEE B 3uMHMI TTIepror,
(okTsa6pb—anpeinn) gocturana 0.6 r C/m? cyT.

Hns sxocucrem CpenHeit CuOUpU 3UMHHUE OLIEH-
ku smuccun CO, mo MTII okazanuces Ha 75—80%
HMXKe OLICHOK, ITOJIyYeHHBIX KAMEPHBIM 1 TPaIUCHT -
HbIM MeTogamu (ITaHoB u np., 2021*). [IpuunHa pac-
XOXIIEHUI1, BEPOSITHO, 3aKII09ACTCSI B HEBBIIIOIHE-
Hum pomnymienuin MTII B ycnoBusix craOMIbHOM
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cTpatnuduKanny atMocdeprl TP HU3KO 3UMHeEN 7.
J11s1 TIoTydeHUsI 3MMHUX OLIEHOK ¢ moMoiibio MTII
npu HU3Kux 1 TpedyeTcs TIIaTeIbHbII aHAIN3 YCIIO-
BUil TypOyJeHTHOCTH, TakKXKe KeJlaTeabHa Bepuur-
Kallvsi 3MMHET0 IbIXaHUsI, TOJIYY€eHHOTO C TIOMOIIBIO
MTII, ¢ noMo1IbIO KAMEPHBIX METOIOB.

NEE B 3uMHUIT Iepyold, C OKTSAOps MO aIpeib, Ha
craHumu YA-SP1 ouenusaics Beero s B 20 T C/(M?
ce3oH) (Dolman et. al., 2004*) unu 35 r C/(M? ce30H)
(Takata et al., 2017*) u3-3a o4yeHb HU3KUX 3UMHUX T
(cpemHee CyTOYHOE 3HAYEHME 32 BECh XOJIOMHBIN Ce-
30H cocTtaBuT 0.10—0.17 r C/M?). I1pu 3TOM B 1eKa6-
pe—deBpane skocucteMHbIl 1ToTOK CO, GJM30K K
Hyo (Dolman et al., 2004*; Takata et al., 2017%*).

Bausinne akropos cpeapt Ha NEE. BiusiHue dak-
TOpoB cpenabl Ha NEFE OBIJIO HEOMHO3HAYHBIM M pas3-
JINYAJIOCh B Pa3HBbIX 3KOCHUCTeMaX, Aaxke pacroyio-
KEHHBIX OJIM3KO, B IIEPBYIO OYepeIb BCICACTBUEC TO-
ro, uTto BeqmunHa NEE gBiageTcd pe3yIbTUPYIOIIeH
JIBYX pa3HbIX IMPOLIECCOB — MPOAYKIIUU SKOCUCTEMBI
(GPP) u ee nvixanusi (TER). Ha aTu mpoliecchl oka-
3BIBAIOT BIIMSTHME pa3iimuHble (pakTophl cpensl: TER
B IIEPBYIO o4Yepeab 3aBUCUT OT T UM BIaXKHOCTHU TTOYBHI
(B 3a00JI04EHHBIX 9KOCUCTEMAaX — OT YPOBHS TPYHTO-
BBIX BOJI, B MEP3JIOTHBIX — OT IIPOTaMBaHMS CE30HHO-
Tajoro cyiosi); GPP — ot ocBenieHHOCTH U T.

B necax EBpormneiickoii Tepputopun Poccuu B Be-
reTallMOHHBII IIepuo yBelImdeHnue 7 MOTJIO IIpUBe-
CTU M K CHMZKEHUIO, U K yBeamueHuto NEE B 3aBucH-
MOCTH OT YCJIOBU yBlnaxkHeHUs. BeceHHee yBennye-
Hue T, Korma Bjiard B IIOYBE JOCTATOYHO, IIPUBOIUIIO
K YCWJICHUIO CTOKa 3a0omoueHHoro exbHUKa TV-Fyo.
JletoM, eciu pocT 7 cONpoOBOXIAICS YBEIUYCHUEM
P, to Bemmunna NEFE enpHukoB NO-LTa u TV-Fyo
TaKKe€ CHMXKAJIaCh (9KOCHCTEMbI CMEIIAJINCh B CTO-
poHy 6osbuiero croka CO,). Hebomnpluune noaoxu-
TeJIbHble aHOMaIuu 7 TMPUBOAWIN K YCUJICHHIO I10-
miomieHuss CO, B enbHukax TV-Fyo u TV-Fy2
(Mamkin et al., 2022). ITpu HU3KOM ypOBHE I'PYHTO-
BbIX BOJ yBeJquuuBaiachk amuccus CO, 13 MOYBHI B
TV-Fyo. B cyxux u xXapKuX yCI0OBUSIX OTHOIO U TOTO
xe 2016 . NEFE TV-Fy2 cHu3wicd U €JIbHUK CTal
CTOKOM BMecTOo uctouyHuka, a NEE KO-Lya npu ne-
¢dunure Py BeIcOKOI 7 B Havajie BereTalui, Hao00-
POT, CMECTUJICSI OT 3HAYUTEJIBHOTO CTOKA K HE TaKO-
My OOJIBIIIOMY B 1IeJIOM 3a BEreTallMOHHBIM CE30H.
IIpn cpemnecyrounoii 7T Bo3myxa Bbiie 27°C (aHO-
MajJbHO XapKue JieTHue ycioBus) eabHuK NO-LTa
craHoBwiIcs uctoyHukoM CO, (3aMOJI0QYMKOB U JIp.,
2017*). B akctpemaiibHO 3acynuinBoe jieto 2010 . NEE
CHUXaJICs (IKocucTeMa cTaHoBujach ctokom CO,
BMECTO HCTOYHMKA) MpPHU YBEJIMYEHUU OOBEMHOI
BJIAXKHOCTU TIOYBBI ¢ 5 10 20%, TIpU 3TOM B TIEPUOIBI
C OOBIYHEIM YBJIAXKHEHMEM TaKOM 3aBUCHUMOCTU HE
OBLIO BBISIBJIEHO (3aMOJIOAYMKOB U Ap., 2017%). I1pu
cpenHecytouHoit 7ot 10 no 20°C crok CO, B 9KocucTe-
My NO-LTa 6611 MakcuMaineH (3aMOJIOTYMKOB M JIp.,
2017*). IlapabGonuyeckass TemIepaTypHas 3aBUCH-
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MOCTb CTOKa Obljla TakKe MoKa3aHa ISl TYHIPbl Ha
cra"nuum JlaBpentus (Zamolodchikov et al., 2003%*):
MUHUMAaJIbHBIA CTOK HaOJodancsl Kak B Haubosee
XOJIOAHBINM, TaK U B CaMblii TEMJIbIK IOl U3MEPEHUM.
Ha npots:keHuu BereTalluoHHOro Mepruoja UHTEH-
cuBHoctb NEE B skocucteme KR-Zol Bo3pacrana
MPOIOPLUUOHAILHO POCTY T, C MMKOBBIMU 3HAYEHU -
smu NEE B KOHIIE UIOHSI—HaJyaJsle UIoJs.

Benuuuna ctoka B nuctBeHHHYHUKax (KR-Tur,
YA-SPI, YA-EIlg) ¢ cepennHbl M0l HaUMHAaJIa CHU-
JKaTbCsl B CBSI3U C CE30HHBIM MPOTAUBAHUEM MHOTO-
JIETHEMEP3JIbIX MOPOJl U POCTOM IMOUYBEHHOIO IMMUC-
cuoHHoro noroka CO, B atrmocdepy. B 3acynuiuseie
rogbl NEE nuctBeHHUYHUKOB YA-SPI u YA-Elg Ob11
MaKCUMaJbHbIM B MIOHE (B Hauajie BereTaluun), a He
B utosie (Maximov et al., 2019). [1epexon oT accumu-
JISILIMY yIJIepoAa pacTUTeIbHBIM IToKpoBoM KR-Tur k
€ro BBIJICJICHUIO OTMeYaJiCsl TIPU TMOHUXEHUU Cpel-
HecyrouyHoil T no +5°C. OdeHb BIaXKHBII TOI MpU-
BeJI K TOXEJNTeHUIO XBOU JMCTBEHHMI] Ha CTaHLMU
YA-SPI (Iwasaki et al., 2010%).

Crok CO, B ceBepoOTaexkHble U CpeIHETaexKHbIE
JIMCTBEHHUYHUKU ObLI BbIIIIE, YeM Y eJIbHUKOB EBpoO-
neiickoit Teppuropun Poccum, HeCMOTpPST Ha COKpa-
IIeHME BETreTallIOHHOTIO CE30Ha 10 3.5 Mec. 10 CpaBHe-
HUIO ¢ 6—7 MecC. y eJTbHUKOB. AHAIN3 COOTHOIIEHMUS
TER v GPP B 3TUX 3KOCcHUCTeMax JaeT OObsICHEHUE, IO~
yeMy JIMCTBEHHWYHUKU BocTtouHoit Cubupu ObLIM
o6onpiimmu crokamu CO,, yem enbHUKU EBporieii-
cKoii Tepputopun Poccuu gaxe 3a Te Toabl U3Mepe-
HUIi, KOTJa eJIbHUKHU OBLIM clIaOOHapylLIeHHBIMHU.
Bo-niepBriX, (pOoTOCMHTE3 JTUCTBEHHUYHUKOB B TEX
XKe YCIOBUSX OoJiee MHTEHCUBHBIN, yeM y eneil (Vy-
godskaya et al., 1997*) u, BO-BTOPbIX, TOYBEHHOE JIbI-
XaHUE B CyMMe 3a I'oJl HIKe Y 9KkocrucTteM Cuoupu mo
cpaBHeHUIO ¢ EBporeiickoii Tepputopueit Poccun
(Maxkcumos, 2007*). B cymme 3a BereTalluOHHBIM ce-
30H IbIXaHWe HIZKE BCIEACTBUE 00JIiee KOPOTKOTO Be-
reTallMOHHOIO CE30Ha, a B 3UMHUIA IEpUO — BCJIEI-
CTBHME 3HAYUTEJIIbHO 00Jiee HU3KUX 3UMHUX 7.

Ilepexmouenue 6010t TV-Fyo n KR-Iga ot ctoka
CO, K UICTOYHUKY TTPOM3O0IILIO BCJIEICTBUE OUEHB CYyXUX
U TeIUTBIX ycioBuid. [1pu 3TOM TeIuible BereTalioOHHbIE
CE30HbI, B KOTOPbIE BHIITAIAJIO JOCTATOYHO OCAIKOB JIJISI
TONJEP>KaHsI BHICOKOTO YPOBHSI TPYHTOBBIX BOJI, 00ec-
MeyrBaloT Oosibloe HeTTo-nomomeHue CO, B 00s10-
Tax 1 3a0o049eHHBIX Jecax (Alekseychik et al., 2017; Ar-
neth et al., 2002*; Kurbatova et al., 2008, 2009; Mamkin
et al., 2023). Huzkue 3umHue 7 BeayT K CHMXKECHUIO
cymmapHoii amuccuu CO, 60JIOT B 3UMHEE Bpems.
Tak, BMecTe cO CHIKEHHEM 3UMHUX 1 CHUXajlach
smuccus CO, Ha BepxoBoM O6osoTe KpacHosipckoro
Kpasi 110 CPaBHEHUIO C BEPXOBbIM 0ojioToM B TBep-
ckoit ooiactu (Arneth et al., 2002%).
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BoszmooicHocmes npoeHo306 bananca yeneKuciozo 2a3a
U NAOWAOHBIX OUCHOK C NOMOUbIO
dannbix cmarnyuii RuFlux

IIponomkeHne M3MepeHUII Ha CTAHIUSIX CETU
RuFlux, nanbHeiiee o0001IeHUE U aHAINU3 JaHHbBIX
MOHUTOPUHTA ITO3BOJIUT [CIaTh IIPOrHO3bI U3MEHE-
HH cyMM 1 ce30HHOTO Xona NEFE Ha ocHOBe aHaJIN-
3a 3aBucuMocTteii NEFE oT ¢paKToOpoB Cpedbl, a TaKXKe
peruoHaJibHBIC U HallMOHAJIbHBbIC OLICHKU OajlaHca
CO, npupoaHbIX 3KocucTeM. [1Jisl MPOrHo30B Tpedy-
IOTCSI JOCTAaTOUHO JJIUTEIbHBIC PSIAbI HAOIIOACHUIA, a
JUIST TUTOIAHBIX OLIEHOK — HAaKOIUIEHME JAaHHBIX 10
MPOCTPAHCTBY, B pPa3HbIX TUIIaX 3KocucteM. Huske
MpeNCTaBIIeHbI TIPUMEPHI yKe OITyOIMKOBAHHBIX pa-
0OT IT0 MPOTrHO3aM U IUIOIIAIHBIM OLIEHKAM ITO CTaH-
nuaM Poccnu, a TakKe mepcreKTUBHbIE HallpaBie-
HUS pa3BUTUA ceT MoHUTOpUHTa RuFlux.

IIporno3sl 0ajanca yriiekucjaoro ra3a. C IroMouibio
manHbpIX Mo MTII monydeHBI TIPOTrHO3BI OajaHca
VIJIEKUCJIOTO Ta3a JJIsi HeKOTOpbIX cTaHuMii. Kape-
JmH U ap. (2020) nporHO3UPYIOT HpeBpallleHUE €10~
Boro jieca B Hosroponckoii oomactu NO-LTa u3 cto-
Ka B MCTOYHUK yTJiepoa J1Jist aTMochephl IPU yBEJIU-
YeHUU IUIOIIAAW, 3aHSTOW  pacramaroliuMucs
JIpeBOCTOSIMU, 10 27%. 3acylIMBBIE U XXapKUe TOMbI
4acTo MPUBOISAT K MaccoBoit rudenu eneit (KapenuH
u 1np., 2020). BoaHEBI >kaphl OyayT yCUJIMBATBLCS C IIO-
teruieHueM kiaumarta (IPCC, 2021*); Becbma BeposIT-
HO yCUJIEHWe TEeHACHLMIT MacCOBOIl TMOEIN eJIbHU-
koB (Yuste et al., 2019*), aBasirolIMXCSI cCaMbIMU pac-
NpocTpaHeHHBIMU TUIIaMU JecoB Ha EBpomneiickoit
Tepputopuu Poccun.

JIBa enpbHMKa B TBepcKoii 00J1aCTH, pa3Inyaroninx-
csl ycraoBUSIMM TiouBeHHoro yeiaaxkHeHust (TV-Fyo,
TV-Fy2), moka3pIBaIn pa3IMYHBII OTKJIMK Ha Xap-
Kue U 3acyluiuBbie yciioBus (Mamkin et al., 2022), a
TakKK€ TIPOTUBOIIOJIOXHBIE MHOTOJETHUE TPEHIbI.
Takum o6pa3zoM, HEOOXOOAMMO YUYMTHIBATh JIOKAIb-
HbI€ YCJIOBUS TIOUBEHHOTO YBJIAXKHEHUS TIPU IPOTHO-
3¢ OajaHca yriaepoaa JEeCHbIX 9KOCUCTEM B YCIOBUSIX
COBpPEMEHHbBIX U3MEHEHUIT KJIMMaTa.

IIpu mporHosupyemMoM IMOTEIUICHUU OITHOBpE-
MEHHO C YBEIMICHUEM KOJIMIECTBA OCAIKOB B TaeK-
Hoii 30He (IPCC, 2021*) 6oyi0Ta 1 3a00JI04EHHBIE JIe-
ca OyayT CTaHOBUTHCSI 0OJIee MHTEHCUBHBIM CTOKOM
CO, u3 armocdepsl [mo (Kurbatova et al., 2008)], on-
HaKO M3MEHEHUS YIJIEpOTHOIo OajaHca OynyT 3aBH-
CeTh OT COOTHOIIIEHUSI P U cyMMapHOTO MCIapeHusl
(Helbig et al., 2020*). KiroueBbIM mapaMeTpOM JIJIst
MPOTHO3a YyIIIepOIHOTO 6araHca 60710T 1 3a00JT09YeH-
HBIX JIECOB SIBJISIETCSI ypOBEHb IPYHTOBBIX BOI.

YuutbiBasi yBeJIMUEHUE JIET C IKCTPEMAIBHBIMU T10-
ronHbiMu yeioBusimu (IPCC, 2021%), ycuneHue Tasi-
HUST MHOTOJIETHEN MEP3JIOTHI, MOBBIIIEHUE YaCTOTHI
JIECHBIX MTOXAPOB U YBEJIIMYECHUE TUIOIIANN TIEPECTOM-
HBIX JIECOB, MOXHO C OOJIBIION YBEpEHHOCTHIO TOBO-
PUTH O CYIIECTBEHHOM U3MEHEHUWN KPYrOBOPOTOB YT-
JIepola ¥ BOIBI B MEP3JOTHBIX 3KOCHUCTEMAaxX MNpU
Ne 4
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MPOTHO3MPYEMOM TIoTeIUIeHnn Kimmata. Ilpomyk-
IIMOHHBIN MpolecC JUCTBEHHUYHBIX JlecoB Cubupu
B YCJIOBUSIX IOTEIUICHUSI KJIMMaTa OyIeT B OCHOBHOM
JTMMUTHUPOBAH SHIOTEHHBIMU (paKTOpaMU — YCThIU-
HOl TIPOBOAMMOCTBIO, a TakKXe BOK30TeHHBIMH —
00eCneUYeHHOCThIO PACTCHUI BJIaroil U 3JeMeHTaMU
MUHEPAJIbHOIO MUTaHMUsI, 0COOeHHO a30oToM (Mak-
cumoB, 2007%).

Ilrowaousie ouenxu. TlepBast MOIbITKA BhIYMUCTIE-
HUS OajaHca YIJIEKHMCIIOro ra3a akocucteM Poccum ¢
nomo1pio faHHbIx Mo MTII mpennpuasaTa A. lonmma-
HoM c¢ coaBTopamu B 2012 1. (Dolman et al., 2012). s
MOIEIUPOBaHUS OajaHca ObLUTO BBIACICHO NEBATH TH-
MoB moBepxHocTu: 1) TyHmpel, 2) 0OoJjoTa,
3) TpaBIHUCTBIE  cooOiiecTBa, 4)  arpolLEeHO3HI,
5) IUCTBEHHUYHUKU, 6) COCHIKU, 7) eIbBHUKU, 8) MUX-
TapHUKU, 9) cMelllaHHbIe U ApyTue jeca. s Kaxmo-
ro TUIla MOBEPXHOCTU ObLIa B3sTa olieHKa NEE 1o
HaomoneHnaM Ha DKC; Tak KakK MCHOJIb30BaINCh
IaHHBIe 14 cTaHIIMIT U3MepeHMIT, Ha KaXKIbI THTI ITO-
BEPXHOCTU MPUXOAWIOCH BCETO JINIIL 1—2 CTaHLIUM.
st necoB coellaHa momnpaBKa Ha CpeIHUIA BO3pacT
JIecooOpasylomieil mopoabl. ABTOPEI KOMMEHTHUPYIOT
000CHOBAHHOCTb CBOEIt OLIEHKHU TaK: “MBbI cO3HaeM,
YTO OlicHKa OwnocdepHoro croka B Poccuu 1o
14 craHIMIM M3MEPEHU ITOTOKOB SIBJISICTCS CKOpee
OOJIBIINM MPEATIONOXEHUEM, K KOTOPOMY HYXKHO OT-
HOCUThCS ¢ ocTopoxxHocThio” (Dolman et al., 2012,
p. 5331). C toukn 3penns nornomieHus 11" 66110 BBI-
JeaeHo Tpu TIpynnbl 3kocucteM (Dolman et al.,
2012): 6osoTa, akkyMmyaupyioume ot 50 10 90 r C/(m?
rof), TPaBsIHUCThIE COOOIIECTBA, ITOIIOLIAOLINE OT 125
no 170 r C/(m? rom) U Jieca, B KOTOPBIX OajlaHC
YIJIEKHCJIOTO Ta3a M3MEHSIJICS B IIIMPOKMX ITpenesiax. B
CEMU JIECHBIX 9KOCHCTeMaX HETTO-MOIJIOIIEHUE BapbU-
posaio ot 0 10 300 r C/(m? roxm) (Dolman et al., 2012).

AHanus gaHHbIX cTaHumii cetu RuFlux mo cocto-
aanio Ha 2022 T. BBISIBISIET OTPaHUYCHUSI OLIEHOK
(Dolman et al., 2012), kacaoiiuecsi BXOOHBIX JaH-
HBIX 11 MonenupoBaHus O6amaHca I1I' mo ruromanm
ctpaHbl. Harmpumep, Ijis €JIOBBIX JIECOB OBLIM MC-
IMOJIb30BaHbI JaHHBIE IBYX €JILHUKOB TBEepCKOil 00-
JIaCTH, PAacCIOJIOKEHHBIX B HECKOJIbKUX KWJIOMETpax
npyr ot apyra (TV-Fyo, TV-Fy2). B HacTrosiiiem uccie-
JIOBAaHMM HAa OCHOBE MHOT'OJICTHUX JAHHBIX YK€ IO Je-
TBIPEM CpeIHEe- U I0XKHOTaeXKHbIM eJIbHUKaM EBporieii-
ckoii repputopuu Poccun (TV-Fyo, TV-Fy2, NO-LTa,
KO-Lya) nmoka3zano, yro NEE e1bHUKOB OTIAYAJICS
OOJIBIIION MEXTOJOBOM M3MEHUMBOCTBIO M B Tpex
clydasix M3 YeThIpeX — HEeCTallMOHAPHOCTbIO BCJIE-
CTBHE IIPUPOMHBIX HAPYIICHUI U M3MEHEHUIl IIpr-
pomHoi1 cpenbl. TakuMm 00pa3oM, 3TU CTAaHLIUU HEJTb-
351 pacCMaTpMBaTh KaK pelpe3eHTATUBHEIC IJIST BCEX
€JIOBBIX JIECOB, TpeOyeTCs aHajlu3 IMPUYNH TPEHIOB
NEFE v cBSI3U TIOTOKOB ¢ MHTEHCUBHOCTBIO Hapylile-
Huii. B padore (Dolman et al., 2012) 66111 KCITOIB30-
BaHBI JaHHBIC ABYX CTAaHIMKA B TYHApPE, KOTOpPEIC
MpencTaBiisau ymepeHHsblii ctok CO,. OnHako 0600-
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IIEHWE Pe3yJIbTaTOB MHOTHMX CTaHIMI M3MEpEHUM
MOKAa3bIBAET, UTO TYHIPHI MOTYT BBICTYNATh KaK CTO-
KOM, Tak U uctouHukoM CO, (3amonoquukos, 2015%;
Karelin et al., 2013*). ITo cocrossHmio Ha 2022 T. ceTb
RuFlux BkJIO4aeT TOAbKO OOHY CTAaHILIAIO B TyHIpE.
Tem He MeHee, CyIIIeCTBYIOT Pe3yJIbTaTbl U3MEPEHUN
NEE xakK MUHUMYM Ha IISITU CTAaHIUSX, (PYHKIITMOHM -
poBaBmux paHee (Kapennn, 3amonomunkos, 2008%*;
Karelin et al., 2013*), a Tak:xe B HacTosilliee BpeMs
IeicTBYIOT He MeHee I1saTu ctannuii DKC (3 cranumn
B paiioHe moc. Yepckuii, B nenbre Jlensl Ha o. Ca-
MOIJIOBCKUIA, B TUKCH), HE BOLIEAIINX B CETh Ru-
Flux. st MonnTopuHra notokos I1I' B ycmoBusix co-
BPEMEHHBIX OBICTPBIX 1 HEOTHOPOIHBIX B IPOCTPaAH-
CTBE W3MEHEHUM KiIumaTa B ApKTUKE KpaiiHe
XKenaTelIbHO BKIIIouyeHHe B ceTh RuFlux cranmuii B
tyHapax EBponeiickoit tepputopun Poccum, 3aman-
Hoii u CpennHeit Cubupu.

Herro-nornomenue CO, AUCTBEHHUYHUKAMU
AxyTnn, oCHOBaHHOE Ha JaHHBIX HECKOJBbKUX CTaH-
muit mo MTII (B Tom unciie YA-SPI), a Takke aBua-
UOHHBIX u3MepeHuii morokoB III, omeHeHO B
180 mH T C B rog (Maximov et al., 2019), yto, BO3-
MOXHO, HE SIBJISIETCS BEpXHEM I'paHUIICH 1 MOXET Ba-
ppUpOBaTh OT roga K roxy (Dolman et al., 2004*). T'o-
JIOBOE HETTO-ITIOIJIOLIEHUE BCEX JIMCTBEHHUYHUKOB
Poccun onieneHo B 450—617 mun T C/ron rpu o61iein
TITOIIAIM 3TUX JiecoB B Poccnm, paBHOI 257.1 MH Ta
(Maximov et al., 2019). DTta oneHKa 6a3upyeTcs Ha
JIaHHBIX HECKOJbKUX cTaHuuii mo MTII, padoras-
IIUX paHee U MpoAoLKaloluX paboTaTh ceifiuac Ha
JIEBOM M ITIpaBoM Oepery p. JIeHa, 11 OlIecHOK IIOTOKOB
III' mo maHHBIM aBHMAIIMOHHBLIX M3MEpPEHUIA. Apry-
MEHTaMM B I10JIb3y 000OCHOBAHHOCTH 3TOI OLIEHKU B
cJiydyae JIMCTBEHHUYHBIX JiecoB Poccum cirykXut, Bo-
MePBbIX, YCTOMUYMBOCTh cToka CO, B IUCTBEHHUYHU -
Kax 1o TaHHBIM yxXe 6oiiee 30 cTaHIIMiT-JIeT HaOII0-
JIEHUI, 1, BO-BTOPHIX, UCMOJIb30BaHE MHBEHTAPU-
3alIMOHHBIX MHOTOJIETHUX TAaHHBIX APEBOCTOS, IO 00—
TAaHUYECKMM TIIOKa3zaTeJIsIM, a TakKe II0 3aracy
yIjaepona B II0YBE U APEBECUHE, TUTTMYHOTO IS yCpe/I-
HEHHOTO JINCTBEHHMYHUKA B 29 pernoHax Poccuu (1o
JTAaHHBIM MACIITAOHBIX CAMOJICTHBIX UCCIICTOBAHMIA).

st 6onee HaIEXHBIX IUIOIIAAHBLIX OLEHOK II0-
momeHuss CO, u3 armocdepsl Bceil Tepputopueit
Poccuu B mepByto ouepenb TpeOyeTCsT OXBaTUTh MU3-
MEPEeHUSIMU 3KOCUCTEMBI I0KHBIX pernoHoB EBpo-
neiickoit u AzuaTckoil Teppuropun Poccuu (momy-
IMyCTBIHU, CTEMU, TOPHBIE TEPPUTOPUH), 3 OCOOCHHO
arpolieHO3bl 3€PHOBOIO Mosica U 3a0polleHHbIe
CeJIbCKOXO3SIICTBEHHEIE yroabs. Pa3zBuTne cet Mo-
HHUTOPUHTA 3KOCUCTeMHBIX TOTOKOB I1I" TpebyeTcsa n
B Cy0apKTUUYECKUX M apKTUYECKUX OMOKIUMAaTHYe-
CKHMX 30HaX, Ha JOJIO KOTOPBIX IIPUXOAUTCS 3HAYM-
TeJIbHAsI 10J1s1 Tepputopun PD: TyHape, 1ecoTyHape,
PEIKOJIEChSIX CeBEPHOM TaliTM U TOPHBIX BKOCUCTE-
Max BBICOKUX IIUpOT — Ypana, CpenHeit 1 Boctou-
Hoit Cubupu, JanpHero Boctoka. B ceBeporaexxkHoin
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MOI30HEe KJIMMAT CTAaHOBHUTCS OoJiee OIarorpusSTHBIM
IUTIs1 TTpou3pacTaHus JiecoB U cToK CO, B 3KOCUCTEMBI
MOXKET YCWIMBAThCS. B Mep37TOTHBIX 9KOCHUCTEMaX, Ha-
MIPOTUB, yJYallleHWE JIECHBIX ITOXXapOB 1 HAIIIECTBUI Ha-
CEKOMBIX, YCUJIEHIE TEPMOKAPCTOBBIX IPOIIECCOB MO-
2KEeT MPUBOIUTH K OOJIBIIIMM BhIOpOCaM yrjiepoa.

ITpuponHble 1 aHTPOMNOTEHHBIC HAPYILIEHUS pe3-
KO MEHSUIM XapaKTep YMCTOr0 9KOCUCTEMHOIO 0OMe-
Ha CO, necoB ¢ atMocdepoil. Bo-mepBbiXx, 3HaUu-
TEJIbHO yBEJIWYMBAJIAaCh MEXIOn0Bass U3MEHYMBOCTh
OanaHca; Bo-BTOopbiX, NEE 3Kocuctem cmeriaics B
MOJIOKUTEJIBHYIO CTOPOHY, T.€. OT CTOKA K UCTOYHUKY
CO, nyig atrmocdepsnl (Karelin et al., 2021; Knohl et al.,
2002%*). Kak u ciaemoBalio OXUIATh, KapAWHaJIbHas
cIiolHasl pyOKa Jjieca CMJIIBHO BIIMSIET Ha OayiaHC
CO,, nipeBpalliasi 3KOCUCTEMY B CUJIbHBII NICTOUHUK
CO, B mepBble HECKOJIBKO JIET MOCJE HapylIeHUS
(Mamkin et al., 2019a, b). Takum o6pa3om, nNpu aHa-
JIM3e YIIIepOIHOro 6ajlaHca TEppUTOPUM OYeHb BaX-
HO YYUTBHIBaTh MPUPOIHBIE U aHTPONOTeHHbIE Hapy-
meHuss. Heobxonumo paciiipernue cetu RuFlux 3a
CUET BKJIIOUEHUSI HAPYIIEHHBIX 3KOCHCTEM, B TOM
YUCJIe ITOCIe IMTOXapoB U Ha Aerpaaupylonieit MHOTO-
JIeTHeit Mep3JoTe.

B Oynmymem ruiomiagHble OLIEHKM MOTYT OBITh
YTOYHEHbI Ha OCHOBE HOBOI MH(MOpPMALMU, TMOIY-
yeHHO Ha ctaHLMax cetu RuFlux.

3AKJ/IIOYEHHME

B HacTos1IeM HccliefoOBaHUM BIIEPBBIC IIPEICTAB-
JIEHBI 0000IIEHHBIE OLIEHKN YMCTOTO 9KOCUCTEMHO-
ro ooMeHa CO, pa3IMyHbIX IKOCUCTEM Ha TEPPUTO-
puu Poccuun, monydeHHble Ha KoHell 2022 1. Ha cTaH-
mussx MoHutopuHra I1IN mo MeTtomy TypOyJI€HTHBIX
nyabcanuii. B TeyeHue mociiemHmx 25 JIET B paMKax
HUCCeA0BAaHUIN HayUYHBIX KOJJICKTUBOB WHCTUTYTOB
PAH npoucxomuyio pa3BuTHe JOKAJIBHBIX U PETHO-
HaJIbHBIX HAOMIONEHUIT 3a 9KOCUCTEMHBIMU ITIOTOKA-
mu III. CymectByoliass MHCTpYMEHTaJIbHasl Oasa,
IIporpaMMHOe oOecriedeHre, IOAX0Ibl K MHTEPIIpe-
TalUM Pe3yJIbTaTOB HAOMIONCHWI Ha NEHCTBYIOIINX
9KOJIOTO-KJIMMAaTUYEeCKUX CTaHLUSIX CTaHIapTU3U-
pOBaHEI B COOTBETCTBUM C peKOMEHIAIUSIMUI MEXKITY -
HapongHoro coob6iectBa. CTaHmapTU3aIIus METOIN -
KU TI03BOJIUJIA pacCMaTpUBaTh UMEIOIIMECsT Ha Tep-
putopun Poccum cTaHIUM MOHUTOPUHIA ITOTOKOB
I1I" B 3KoCcHcTEMaX KaK OCHOBY IJIST Pa3BUTHS HAIIU-
OoHaJIbHO poccuiickoil cetn — RuFlux — B pamMkax
peamuzauuu BUIT I'3 HOLI “Yrnepon B aKocucre-
Max: MoHUTOpUHT”. B 2023 1. B ceTh IIaHUpyeTCs
BKJIIOUUTb 22 CTAHIIMU, U3MEPEHUST HAa KOTOPBIX M03-
BOJISIT IOJIYYUTh OLIEHKH ITOTOKOB OCHOBHEIX I1I" B pe-
MPE3EHTATUBHBIX HA3€MHBIX 9KOCHUCTEMAaX Pa3IMIHbBIX
MPUPONHBIX 30H. MoHUTOpPUHT TmoTOoKOB [II' ocy-
IIECTB/ISIETCSL 110 METOHY TYpOYJIEHTHBIX ITyJIbCallWii,
KOTOPBIN TIPEACTABIISIET COOOIl €MMHCTBEHHBIN WH-
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CTPYMEHT NPSIMBIX oliecHOK Oananca I1I" 3eMHOIf 110-
BEPXHOCTHU ¢ aTMOcdhepoit Ha MacilITabe 3KOCHUCTEM.

ITo cocrossuuto Ha oceHb 2022 1., 86% craHLIMii cETH
RuFlux pacrmonoxeHo B JIECHBIX M OOJOTHBIX 3KOCH-
CTeMax, B OCHOBHOM B MOA30HAX CpeaHEeil M I0XHOM
taiiru. HecMoTpst Ha To, uTo ceThb RuFlux oxBatbiBaeT
IIMPOKUIA CITIEKTP KIMMaTUIECKMX, IIOUBEHHBIX U pac-
TUTEJIbHBIX YCIOBUIA, IJIsI TOBBILLIEHUSI €€ peIrpe3eHTa-
TUBHOCTH i1 Tepputopun Poccum Tpebyercs
BKJIIOYEHHE ASHCTBYIOIINX U CO3MaHNe HOBBIX CTaH-
LIl B TYHOPOBBIX, CEBEPO-TAEKHBIX, JIE€COCTEITHBIX,
CTEITHBIX Y OJIYITYCTBIHHBIX 9KOCHCTEMAX, B arpolie-
HO3aX, Ha 3apacTaiollyX MOJsSIX, Ha HapyIIEHHBIX
JIECHBIX TeppuTopusix. OMHY U3 BO3MOXHOCTEMN s
pacimmpenust RuFlux npeacrasisieT coboii ceTh Kap-
OOHOBBIX MOJUTOHOB, pa3BuBalomasicsa ¢ 2020 r., Ha
KOTOPBIX TaKXKe MPEeAIogararoTcsl HelpepblBHbIEC Ha-
OrogeHus 3a 9KocucTeMHbIMU TToToKamu I1TN Ha oc-
HOBe MeToda TypOyJIeHTHBIX myJibcaunii. biaromaps
peanu3anuy HOBBIX 3KOJIOTO-KJIMMAaTUYEeCKUX TOoCy-
JapCTBEHHBIX IIPOrPaMM MOHUTOPUHIOBBIMU MCCIIE-
JIOBaHUSIMH HeTTO-1I0TOKOB I1I' B Omkaiitiem Oymy-
IIEM TJIAHUPYETCS OXBAaTUTh IIMPOKUM CIIEKTP Ha-
3eMHBIX 9KOCHCTEM, PACIHOJOXECHHBIX B Pa3IMYHBIX
KJIMMAaTU4IECKUX YCIIOBUSIX.

AHanm3 MHOTOJIETHUX PSII0B HAOMIOIeHUI TTOKa-
3aJI, 4YTO MOYTHU BCE MCCIEIOBAaHHbIE €CTECTBEHHEIC
HeHapyllIeHHbIe 3KOCHCTeMbl B Poccuu gBnstioTcs
crokoM CO, s atMocdephI ¢ AUaNa30HOM CPpEeTHUX

ronoBbIx oLeHOK 80—240 r C/(M? rom) B pa3HBIX KO-
cucrtemax. MI3aMeHeHUsT KJIMMaTa, MEXToIoBasl U3-
MCHYMBOCTh ITOTOAHBLIX YCJIOBUII U €CTECTBECHHEIC
HapylleHus (MoXapbl, BETPOBaJbI, THOCIb AIcPEBhEB
M3-3a BpeauTeaei, gerpajanmns MHOTOJIETHEN MEp3-
JIOTHI ¥ IIp.) IPUBOIIT K TpaHCGOPMALIUU YIJISPOI-
HOTO 6ajlaHCca SKOCUCTEM, SIBJISTFOTCS IPUYNHOI yBe-
JIMYESHUST MEXTOI0BOI NU3MEHUYMBOCTH U OOYCIaBIIM-
BalOT HaJIM4Me JOJATOBPEMEHHBIX TPEHIOB OCHOBHBIX
KOMITOHEHTOB YIJIEPOXHOro GajlaHca. AHTPOIOTeH-
HbI€ HapylIeHUs (CIUIoLIHAsI pyOKa) pe3Ko CMEIIaloT
OaJiaHC yrjIepoaa JISCHOM 3KOCUCTEMBbI B CTOPOHY BbI-
nenenust CO, B atMocdepy.

B xoHTekcTe peanuzaluu cTpaTeruv HU3KOyTJe-
ponHoro pa3Butusi P® TpeOyloTcsl OLIEHKU pPOJu
OPUPOIHBIX 3KocucTeM B 6anmaHce I1I" Ha Tepputo-
pun Poccum, ocHoOBaHHBIE Ha 00Jiee TIPeACTaBUTEITh-
HOM 3KCIleprMeHTaJlbHOM MaTepuae. PazButue ce-
T MOHMTOpUHTa IT0TOKOB [1I' B cTporom coorBeT-
CTBUU C NOpodecCUOHATbHBIMU METOINYECKUMU
pEeKOMEeHAALMSIMU TIO3BOJIMT CO31aTh HOBBIM MH-
CTPYMEHT I OLIeHKM ra3000MeHa Ha3eMHBIX KO-
cucteM ¢ atMmocdepoii. JlanbHeiilliee 0600IIeHUE
UMEIOLIIUXCSI Pe3YIbTaTOB U pacluupeHue cetu Ru-
Flux mmo3BoauT 110y4ath 000CHOBaHHEIE IIPOTHO3EI
peakInuy 9KOCUCTEM Ha U3MEHEHMs KJIruMaTa U IIpu-
ponHoit cpenbl. OueHku notokoB I1I, monydyaembie
IIpd IIOMOIIM MeToda TYPOYJIEHTHBIX HYJIbCAIIMIA,
MOTYT OBITh NCTTOJIb30BAaHBI ITPU KaTNOPOBKE U BEPH-
Ne 4
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dukanu Mozeneil U JaHHBIX JUCTAHIIMOHHOTO 30H-
mupoBanus. Jdanaeie cetn RuFlux moryT OBITH BOC-
TpeOoBaHbI MPOMPUILHBIMU HAYYHBIMU OpPraHU3aI-
aMu, cTpyktypamu Pocrumpomera, MuHuctepcTBa
MIPUPOIHBIX PECYPCOB U IKOJIOTUH, a Takxke MuHuU-
CTEPCTBAa 3KOHOMUYECKOTO pPa3BUTHUSI B KadyecCTBE
dakTMYeCcKOoro Marepuajia i BepupUKaUU U
OLIEHKY OIOIKETa yIepoJa Ha YPOBHE CTPaHHI.

OMHAHCHUPOBAHUME

PaGoTa BbITIOJTHEHA B paMKax peaju3alluy BaxkHe1ie-
ro MHHOBAIIMOHHOTO TPOEKTa roCylIapCTBEHHOIO 3Haye-
HuUA “Pa3paboTKa CUCTeMBI Ha3€eMHOIO U TMCTAaHIIMOHHO-
ro MOHUTOPUWHTA ITYJIOB YIJIEpOia U MOTOKOB MapHUKOBBIX
ra3oB Ha Tepputopun Poccuiickoit denepanum, obecrme-
YeHUE CO3[IaHUsI CUCTEMBbI yueTa JaHHbIX O MOTOKaX KJIU-
MaTHUYeCKU aKTUBHBIX BEILIECTB U OI0IXKeTe yriaepoaa B Jie-
cax U OpYrux Ha3eMHBIX PKOJOTMYECKUX cucTemMax” (per.
Ne 123030300031-6). Paboter B MHCTUTYTE Teorpaduu
PAH (Mocksa) 6butn BbinojiHeHBI JI.B. KapenunbiM B
pamkax Tembl '3 FMGE-2019-0006 (MomenupoBaHUe).
Pa6ora B Pecniyonuke Caxa (SIkyTusi) BbIIIOJIHEHA B paM-
Kax roc3aganusts MuHo6pHayku Poccuu o mipoekty “Mc-
clieJoBaHUE OMOTEOXMMMWYECKUX LIMKIIOB M aJalTUBHBIX
peakluii pacTeHUil OOpealbHbIX U apKTUYECKUX IKOCU-
cTeM ceBepo-BocToka Poccum™” (kom HaydyHOM TEMBI:
FWRS-2021-0024; nomep roc. peructpauuu B ETUCY:
AAAA-A21-121012190034-2; pykoBoauTesb: 1.6.H. Mak-
cumoB T.X.) u ¢ mpumeHeHueM oOopymoBaHus LIKII
DOUL “AHIL CO PAH” (rpant Ne 13.11KI1.21.0016): nH-
(dpakpacHblii razoananusatop CO, u napos Boasl Li-7500
otkpoiToro tTuna (LI-COR), mopraTtuBHBI MHPpaKpac-
Hblii raszoaHaiuzatop EGM-4 (PP-System). PaGotbl
FOropckoro rocynapcTBeHHOrO YHUBEPCUTETa BBITIOTHE-
HBI Ha KapOoHOBOM TojiuroHe “Myxpuno” ®I'BOY BO
“OI'Y” B pamKax IMJIOTHOro IpoekTa MHMHOOpHAyKu
Poccun no cozmanuio Ha TeppuTopumn peruoHoB Poccum
KapOOHOBBIX MOJIMTOHOB 11 Pa3pabOTKU U MCTBITAHUI
TEXHOJIOTUI KOHTPOJISI YIJIEpOAHOro OajaHca, peaausye-
Moro Ha ocHoBaHuM Ilpukaza MuHo6pHayku Poccuu ot
5 deBpans 2021 r. Ne 74 “O nonuroHax st pa3paboTKu 1
WUCTIBITAHMI TEXHOJIOTUM KOHTPOJsS YIJepOaHOro OajlaH-
ca” (¢ uameHeHusimu ot 21.01.2022), a Takke Mpu MOMI-
nepxxke rpaHta IlpaButenbcrBa TIOMEHCKON 00J1acTU B
COOTBETCTBUM C TIporpammoit 3arnagHo-Cuonupckoro Mex-
PETMOHATILHOTO HayYHO-00pa30BaTeIbHOTO 1IEHTPpa MUPO-
BOTO YPOBHSI B paMKaxX HaIlMOHAJILHOTO IpoeKkTa “Hayka”.
Cornamrenne Ne 94-JIOH/05.5/20-F0TY-231 ot 14.12.2020.
Pa6ora B.B. MamkuHa (oOpaboTKa  JTaHHBIX
nyiabcallMoHHbIX HaomoneHuit B LIJITTIB3, Teepckas
o0JlacTh) BBIMOJIHEHA B paMKax TIOCyIapCTBEHHOIO
3amaHusi MUHHCTEPCTBA HAYKM U BBICIIIETO 0Opa3oBaHUsI
Poccuiickoit ®emepaunu (tema No 1022031600002-1-
1.6.19). Pa6otbei mis cranumit TV-Fyo u TV-Fy2
BBIITOJIHSJIUCH IpU noaaep:kke rpanta PH® 21-14-00209.
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RuFlux: The Network of the Eddy Covariance Sites in Russia
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For the first time, the information is summarized on the history of establishment, the state of observations
and the main scientific results on sites included in RuFlux, the Russian eddy covariance network for the mon-
itoring of greenhouse gases (GHG). Eddy covariance technique provides estimates of GHG fluxes at the level
of ecosystems. The long-term series of GHG fluxes (more than 190 site-years of observations) have been ob-
tained. Up to the end 0f 2022, 86% of the sites of the RuFlux network are located in forests and wetlands, 77%
of all sites are in the middle and southern taiga. Almost all undisturbed ecosystems in Russia are the sinks of CO,
from the atmosphere with a range of average annual estimates of net absorption from 80 to 240 g C m 2 yr—!. The
GHG balance is determined by a complex of abiotic and biotic factors. The average long-term net CO, ab-
sorption is higher in permafrost Siberian larch forests than in European spruce forests. When moving from
west to east, the intensity of CO, sink in the middle of summer increases, and the emission of CO, in the mid-
dle of winter decreases sharply. Natural and anthropogenic disturbances lead to the transformation of the car-
bon balance by increasing the release of CO, into the atmosphere. RuFlux network covers a wide range of
types of ecosystems, but it is needed to organize more GHG sites in tundra, northern taiga, forest-steppe,
steppe, and semi-deserts; in the ecosystems disturbed by humans (including fields) and in the ecosystems
with successions caused by natural disturbances.

Keywords: eddy covariance method, ecosystems, net ecosystem exchange, measurement network, ecoclimatic
sites, monitoring
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