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BBEJAEHUE

B Hacrosiiee BpeMsI MOHMTOPUHT OTUHAMUKU
TIOTOKOB MapHMKOBBIX Ta30B 1 3aI1acoB yIJlepoaa Ha-
3€MHBIX 3KOCHCTEM SIBJISIETCS BOCTPEOOBAHHOIM TpaK-
TUYECKOI 00JIACThIO pean3alliid MeXIyHAPOTHBIX
M POCCUNCKUX KIIMMAaTHYECKMX PELIEHUI B YCIIOBUSIX
MPONOJIKAIOIIET0CS COBPEMEHHOTO TJ100aIbHOIO 10~
terenus (Ilapmkckoe ..., 2015; PomanoBckast, 2024;
PomaHoBckas u ap., 2023; IPCC ..., 2022).

HauuHasi ¢ koHua XX B. IIPOBOASITCSI UHTEH-
CUBHBIE UCCIENOBaHMUS YTJEPOMAHOro OajaHca
MPUPOTHBIX SKOCUCTEM Pa3HBIX TUIIOB, pPa3BUBa-
1otcs rnobanbHas (FluxNet) 1 pernoHanbHbIE CETH
MHUKPOMETEOPOJIOTUIECKIUX CTAHIIUM, KOTOpHIE
HICTIOJIB3YIOT METOMIbI BUXPEBOI KOBapHAIIUU IJIsI
usMepeHust morokoB CO, U BOASHOTO Mapa Mex-
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oy ouocdepoit u atMmocdepoil, a CylIecTBYIOLINE
HabOpHI TaHHBIX OXBATHIBAIOT yXKe OoJjiee ABYX Ie-
catunetuii (Pastorello et al., 2020; Virkkala et al.,
2022). B Poccuu hopmupyeTcsl HalMOHAJIbHAS CeTh
RuFlux, XoTs yacTb CTaHLIMI YK€ BXOOUT B MEXITY-
HapoaHyio ceTtb FluxNet (KypuueBa u ap., 2023).
PesynbraThl HAOMIOOEHHWIA C TOMOIIBIO MAaTEMAaTH -
YeCKHUX MOAeIell TOMOTYT MOHSITh, KAK U3MEHUTCSI
0ajaHC TapHUKOBBIX Ta30B SKOCUCTEM IIPU KIMMa-
TUIECKNX M3MEHEHUSIX U B pe3yJbTaTe pa3IndHbIX
HapyHIeHU NPUPOAHOIO M aHTPOMOTeHHOTO
xapakTepa (Baldocchi, 2020). bonbmioe BHUMaHMe
yIeJIsIeTCsl TAaKXKe M3MEPEeHUSIM IIOYBEHHOTO JbIXa-
HUSI — BaXXHOH (PYHKIIMOHAJIBbHON XapaKTepHUCTUKI
3KOCUCTEM, BIUSIONIEi Ha OajlaHC yrjiepoaa B KOH-
KkpeTHbIX yenoBusx (Kynmespos, 2023; KypraHoa
u np., 2024; Huang et al., 2020; Jian et al., 2021).
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HecMmoTpst Ha 3HAYUTEIbHBINA MAacCCUB TTOJOOHBIX
Haomogenuit (Virkkala et al., 2022), crauuoHa-
POB, T IPOBOISITCS MHOTOJIETHHE KOMILJIEKCHBIC
WCCIeIOBAHUS MMOTOKOB MapHUKOBEIX TazoB (I110)
M pe3epByapoB yriiepona Ha OOIIMPHOM TepPpPUTO-
puun Poccuu, no-npexHeMy, kpaitHe Mano. Ilocrue
crapta B 2022 r. BaXXHe#mero MHHOBAIIMOHHOTO
npoekTa rocymapcTseHHoro 3HaueHus1 (BUIIT3)
“EnuHasi HalMOHAaJbHAs CUCTeMa MOHUTOpPUHIa
KJIMMAaTUYeCK aKTUBHBIX BEIIECTB”, yTBEPXKIECH-
Horo PacnopstxeHuem IlpaButenbctBa Poccuiickoit
®enepauum ot 29 okTa6pst 2022 1. Ne 3240-p, cutya-
1IUSI CYIIECTBEHHO YydIlMiIach. B HacTosIee BpeMst
Ha TeppuTopuu PD 3aperncTprpoBaHbl 22 5KOJIOr0-
KJIMMaTUYECKUEe CTAaHLIMM MHTEHCUBHOTO YPOBHS
B paMkax 1ipoekta BUIIT'3 (Kypuuesa u np., 2023),
HO TOJIBKO HEKOTOpBIE U3 HUX, B TOM umcie “Jlor
TaexHbIi”, UMEIOT MHOTOJICTHHE PSIIBI HAOJIOme-
HUI, BKJIIOYAIOIINE IMEPUOAbl aHOMAIbHBIX KIIMMa-
TUYECKMX ABJIeHMI. KpoMe Toro, B pamKax TOTo ke
npoekTa chopMHpPOBaHA CETh UBMEPEHUI TbIXaHUS
MOYBbI, HacuuThIBaBLIas jgetoM 2023 r. 75 uccaeno-
BaTeabckux Touek (Kurganova et al., 2024).

Dkonoro-knuMarudyeckas cranius “Jlor Taex-
HBI” Banmatickoro ¢unuana ['ocymapcTBeHHOTO
runppoiorndeckoro macturyra (B ') Pocrun-
poMeTa XOpOoIllo M3BEeCTHA He TOJbKO B Poccum
(Kypuuesa u ap., 2023), HO u 3a ee mpeaejaMu
(Jian et al., 2021). IToMmuMo uccaeq0OBaHUN BOTHO-
ro OamaHca TaexXHBIX 3KocucteM (Demopos, 1977),
BOT yxe 6osee 16 net (¢ 2009 r. mo HacTosIIEe
BpeMsI) 3€Ch ITPOBOISITCS €XKeTOaHbIe HAOIONeHUS
3a IyJJaMHu M ITOTOKaMu yriepona. B wactHocTun
OLIEHMBAETCS YUCThIN 3KocucTeMHBbI ooMeH (NEE)
CO, u cymmapHoe ucnapenue (ET) metomom Typ-
OyJIeHTHBIX MyJbcauit (AndepoB u ap., 2017; 3a-
MOJIOTYMKOB U 1p., 2017; Karelin et al., 2020, 2021),
IEeTAITbHO MCCIEIYIOTCS Ce30HHAsI M CyTOYHAsT U3-
MEHUYMBOCTH AbIXaHWs ouBHl (Kapemwnx u np., 2017,
2019; Karelin et al., 2014), smuccusa CO, B xozne
pas3IoXeHUs BaJlleXXHUKa 1 cyxoctos (I'mrapckuii
u ap., 2020; CadoHoB u ap., 2012; Gitarskiy et al.,
2017; Mukhin et al., 2021), smuccust CO, u3 nomoi-
HUTEJIbHBIX TOYSYHBIX U CIIOPATNIECKUX TaCKHBIX
ucrouHukoB (Kapenun u np., 2017, 2022; Karelin
et al., 2017b), yrlIeKMCIOTHBIN OOMEH XBOU €U
(FO36ekoB u np., 2014, 2017), BKIagbl KOPHEBOTO
n MukpobHoro neixanus B mmouBe (Karelin et al.,
2017a), usmenenus smuccuu CO, U3 MOYBbI B XO/1€
BOCCTAaHOBUTEJIbHON CYKILECCUM Ha CyIeCYaHBIX
MOA30JIMCTHIX ITOYBaX 10xKHOM Taiiru (JItopu u ap.,
2013), npuMeHsieTCs MaTeMaTUueCcKoe MOAEINPO-
BaHNE Ha OCHOBE IOJIEBHIX U3MEPEHUI U METEO-
naHHbIx (CyxoBeeBa, Kapenaun, 2022; Karelin et al.,
2014; Smagin and Karelin, 2021). ITonyuyeHHbIe
pe3yabTaThl, BKJII04Yas JaHHBIE 110 3aIacaM yrjie-
polla B OCHOBHBIX ITyJiaX, ObLIM 000OIIEHBI B KOJI-
JIEKTUBHOU MoHorpaduu (AndepoB u ap., 2017).

MHoroieTHUI psa HaOGIIOASHU U pa3HOOOpa3ue
MOJIyYeHHBIX TaHHBIX ITO3BOJISIOT IIPOBOIUTD CpaB-
HEHME eXEeTOTHO IT0IyJaeMoil HOBOM MH(MOpMAaIlnn
C TIOJIYYEHHOM 31€Ch paHee.

B 2024 r. mo manHeiM BMO OnlnT BriepBBHIE
B MHCTPYMEHTAJIbLHOI METeOpPOJIOTUUECKOI HC-
TOPUM IIPEB30MICH 0003HAUYCHHBI B MEXIYyHa-
POIHBIX JOKyMeHTax 1mopor 1.5°C mo cpaBHEHUIO
C TOUMHAYCTPUAJIbHBIM YPOBHEM TeMIlepaTyphl
MPU3EMHOro cjiog atMocdepsl'. g TeppuTopun
Poccum 10T rom okaszaiacs Ha BTOPOM MeECTe IOCie
2020 r. 110 3HAaYEHUSIM CpeaHell TOJOBOM TeMIIepa-
Type Bo3nyxa (Jdoknaz ..., 2025), yto HabIIOAATIOCh
¥ Ha Bangaiickoil BO3BBIIIEHHOCTH, CYAS I10 TaH-
HBIM MeTeocTaHIuu B® I'T'U 3a Bech mepuon
HabmoaeHuit (+6.5°C B 2024; +6.8°C B 2020 1.).
Ilenp HacToOsIIEro MCCIEeNOBaHUS — BBISIBUTH
BJIMSTHUE YCHIXaHWSI M pacIliajia eJI0BOTIO IPEeBOCTOS
B HanOoJIee BhIPaXXE€HHBIN IIEPHUO COBPEMEHHOTO
noreruieHust Ha oomeH CO,, puKcUpyeMblil B 30He
OXBaTa 3KOJOTo-KJIuMaThudeckon ctaHuuu “Jlor
TaexHbIA”.

PAMOH UCCJIEJOBAHUN

DkoJoro-kimMmarndyeckas cranumsa “Jlor Taex-
HBII” pacIoJIoXeHa Ha I0To-BocToKe Banmaiickoit
BO3BBIIeHHOCTU (Banmailickmii paiton HoBro-
poACcKO ob6iacTh, KoopauHATH 57°57.8 c.mi.,
33°20.3' B.A.) B mpenaeaax KOHEYHO-MOPEHHOTO
JaHamadgra nociaeaHeil (OCTalIKOBCKOW) cTaauu
Banpaiickoro oneneHeHus. TeppUTOpPUS OTHO-
CUTCS K pPallOHy XBOMHO-IIMPOKOJUCTBEHHBIX
(cMelIaHHBIX) JecoB eBpoIlelickoit yactu Poccuu
(O6 yrBepxaeHuwu ..., 2014). ITo reoboTaHnye-
CKOMY palilOHMPOBAHUIO TEPPUTOPUSI OTHOCUTCSI
K Banmaiickomy reo60TaHUYECKOMY paroHy, JJIs
KOTOPOT'0 XapaKTepHO IMpeobjiajaHne OCUHOBBIX,
0Oepe30BhIX U €JIOBBIX AIyOpaBHO-TPaBSIHEIX JIECOB
C MIPUMECHI0 IITUPOKOIUCTBEHHBIX ITopon (XKeky-
nuH, YenmaHosa, 1975). IlpeobianaHue B HenaB-
HEM IIPOIIIOM €JIOBBIX JIECOB CBSI3aHO C UCTOpUE
MIPUPOHOIIOIB30BaHMS U OCOOCHHOCTSIMU BeACHUS
JIECHOT'O XO35I1iCTBa, HAlIEJIEHHOI'O Ha MOJyYeHUe
XO3STMCTBEHHO LIEHHOM 1PEeBECUHBI XBOMHBIX ITOPO/I.
B TO Xe BpeMsI B IeCHOM MacCHUBE COXpPaHUJINCh
I POKOJUCTBEHHBIE BUIBI nepeBbeB (Quercus
robur L., Fraxinus excelsior L., Acer platanoides L.,
Tilia cordata Mill.), ogHaKo UX y4acTHe B COCTaBe
IPEBOCTOEB emmHUYHOEe. OTINYUTEIBHON 0CO-
OCHHOCTBHIO APEBOCTOEB B 30HE OXBaTa DKOJIOIO-
KJIMMaTUYECKON CTaHIIMU SIBJISIETCS IpeodianaHue
OOHOBO3PACTHBIX IE€PECTOMHBIX HACAXIECHUU
(no maHHBIM JecoycTpoiictBa — 110—120 net

! https://wmo.int/ru/news/media-centre/vmo-podtverzhdaet-
chto-2024-god-stanet-samym-teplym-godom-v-istorii-
nablyudeniy-primerno-na-155-degc
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no cocrossHUIO Ha 2009 1.), YTO CBUIETEIbCTBYET
0 BTOPUYHOM IIPOUCXOXIEHUHU JIECOB, CHOPMUPO-
BaBIIMXCS MMOCJe HapylleHUN (pyOKM, ITOKaphl,
yacTAYHas pacmamka) (Angepos u ap., 2017).

Kiumar paiioHa — yMepeHHO KOHTWUHEHTAaJlb-
HBI, YMEPEHHO XOJIOAHBIN, TyMUnHbIi. 1o k-
Matudeckoil kinaccudukauuu (Anucos, 1956)
paiioH ucclegoBaHUs OTHOCUTCS K aTJaHTUKO-
KOHTUHEHTAJIbHOM JIeCHOM 00J1aCTU YMEPEHHOTO
nosica. Ilo naHHbIM MeTeocTaHUMU “Bangain”
3a MPeAbIAYIINI TTepruol KIUMaTUIeCKOM HOPMEL
(1961—1990 rr.) cpenHeromoBasi TeMIIepaTypa BO3-
nyxa cocrapisia +3.8 + 0.2°C, cpenHsia Temiepa-
Typa utong +16.6 + 0.3°C, auBapsa —10.0 = 0.9°C,
CpeIHErogoBoe KOJIM4YeCTBO ocaakoB 719 = 20 MM
C OTUYETJIMBO BBIPAXXEHHBIM JIETHUM MaKCHUMYMOM.
B nocaenytommit nepuox (1990—2024 rr.) yBenmau-
JIMCch cpenHerogoBas temneparypa (+5.1 £ 0.1°C),
cpenHsas temmneparypa utoasg (+18.0 £ 0.4°C)
U cpeqHsas Temmeparypa sHsaps (—6.9 £ 0.5°C).
VYBennuuiaoch U CpeTHEMHOTOJIETHEES KOJIUIECTBO
ocagkoB a0 799 + 20 mm. CpenHeromoBasi TeM-
meparypa IoKa3blBacT YCTOMYUBBIA POCT 34 BECH
MEePUOI UMEIOIINXCS HAOIIONCHUM Ha METEOCTaH-
mum Banmaiickoro ¢unmana I'TU (puc. 1). Cymma
0CaJKOB 3a roJ MMeeT CJAa0blil MOJOXUTEAbHBIN
TPEHI B COYETAaHUM C OOJIbIIION MEXIOMOBON MU3-
MEHUYMBOCTBHIO, OJJHAKO CYIIECTBEHHOE BJIUSHUE
Ha €JIbHMKM OKa3bIBaIOT MEPUOIUUYECKUE 3aCYXU
B JIETHUI TIEPUOJ, KOTOPBIE MOTYT CIy4YaThCsl Aaxe
B TOIBI C BBICOKMMHU 3HAYEHUSIMUA T'OOOBBIX CYMM
OCaIKOB.

OO0BEKTOM MCCIeI0BaHUS ObLIM CTApOBO3PACT-
HbIe MEJIKOTPAaBHO-3€JIEHOMOIIIHBIE €JIbHUKU C J10-
MUHMPOBaHUEM €U eBponelickoii (Picea abies (L.)
Karst.) n HeGombmuM ydyactueM cocHBI (Pinus

IHHWJIKHWH n np.

sylvestris L.) n 6epe3snl (Betula pendula Roth.) (An-
depos u np., 2017; 3ayronsHoBa, Mopo3sosa, 2006).
Bo3spact apeBoctoeB B 2019 r. coctaBisin 120 nert.
Penbedp — KOHEUHO-MOPEHHBI, MOYBLI — AEP-
HOBO-IIOJ30JIUCTHIC, UMEIOIINE CJIeNbl pacIlallKu
B nipouwioM (AndepoB u ap., 2017). ITocne 3acyx
2010 u 2021 rr. mpou30LLIO YChIXaHUE U pacriafg
eJIOBBIX ApeBocToeB. B 2024 r. XUBBLIX AepeBbEeB
B IIEPBOM SIpyce IIPAaKTUUECKU HE OCTAJIOCh.

METODbI

O1neHKa COCTOSIHMSI IPEBOCTOEB BBIIOJHSIIACH
Ha IMOCTOSTHHBIX ITPOOHBIX IJIOIIAASIX pa3MepoM
0.1 ra, 3amoxeHHBIX B 2009 . Ha MOJIOTMX BEpIIMHAX
xoMoB. Ha mpoOHBIX TUIOIAISX TTIEPUOANIECKH
MPOBOAMIACH TaKCallMsl IPEBOCTOS C OIpenese-
HUEM ITOPOLI, TMaMeTpa CTBOJIa Ha BhIcOTe 1.3 M,
BBICOTEI M COCTOSIHUSI IEPEeBbEB, YUUTHIBAJICS IO~
POCT M TOAJIeCOK. 3arrackl (PUTOMACCHI IPEBOCTOSI,
MoApoCcTa U TMoJjecka pacCUMThIBaId Ha OCHOBE
aJNIOMETPUIECKUX YpaBHeHUM (YTKUH U 1p., 1996).
I1pu nepecuere gpeBecHO (hpUTOMACCHI B OpraHU-
YeCKHUl yIyiepoa UCIoab30BaH KoadduiueHT 0.5.
3amacel Hag3eMHOM (UTOMACCHI XXMBOTO HAIIOY-
BEHHOTO MOKPOBA OIpPeAeIslIMCh METOAOM YKOCOB
Ha momaakax 0.25 M? B 5-KpaTHOI MOBTOPHOCTH,
Jajee MpoObl BRICYIIMBAJIM 10 a0COJIOTHO CYXOTO
COCTOSIHUS M B3BEIIMBAJIU, TIPU IIepecUeTe B yIjie-
pon ucroib3oBaim KoaddumneHT 0.45.

HN3mMmepeHuss sMuccuud AMOKCHUIA yrjepoja
M3 TOYBHI (AbIXaHUE TOYBbI) OCYILUECTBISIN 3a-
KPBITBIM KaMEpPHBIM METOAOM II0 MU3MEHEHUIO
KoHueHrpauun CO, 3a 3 MUH B HEMPO3PAYHBIX
MUJIMHIPUYECKIX KaMepax 13 MOJIMBUHUIXIIOPUIA
o0beMoM ot 1.2 1o 1.5 1 1 mIoIanblo OCHOBaHUS
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-====- JIuneitnas (CpenHss TeMneparypa)
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Puc. 1. JIuHamMuka cpeIHeronoBoil TeMnepaTypbl 1 CYMMbI OCaJKOB 3a roJl 110 JaHHBIM MeTeocTaHLMu Banmaiickoro ¢puimnana

T'ocynapcTBEHHOTO TMAPOJIOTMYECKOTO UHCTUTYTA.
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90 cM?, BKOITAHHBIX B TTOYBY Ha IIyOuMHY 3—4 cM
B OCTOSIHHBIX TOYKax. PacTeHus B KaMepax yna-
ns. OCHOBaHUS KaMep BHE M3MEPEHUIl ObLIU
IIOCTOSIHHO OTKPHITHL. OLIEHKU ITOTOKOB ITPOBOIIIN
npubopaMu, BBIIIOJHEHHBIMM Ha OCHOBE ITOPTa-
TuBHOTO MH(pakpacHoro CO,-razoaHaansaTopa
AZ 7752 (AZ Instrument Corp., TaiiBaHb). DTHU
MpuOOPHl MEPUOINIYECKHA TECTUPOBAIM Kaauopo-
BOYHBIMU ra30BbIMU CMECSIMU C KOHLIEHTpaLSIMU
CO, 400 n 600 ppm. M3mepeHus IbIXaHUS TIOYBbI
BBITIOJIHSUIMCH HA IIOCTOSIHHOM TPaHCEKTE IJIMHOM
500 M, mpoxopsieit yepe3 BClo 30HY oxBaTa (¢pyT-
NPpUHT?) ¥ BKIoYaroniein 50 ocHoBaHU IJ1s1 KaMep,
YCTaHOBJIEHHBIX uepe3 Kaxabie 10 m B 2017 1.

Kpome Toro, aHajaorudHbele U3MEPEHUS IIPOBO-
IWJINCHh Ha TIOCTOSIHHBIX IUIOIIAAKAX, 3aJI0XKEHHBIX
B pa3IMUYHBIX OMOTOIax (eJbHUK, OKHA pacliaga
eJloBoro apeBocTos ). Ha kaxmoil mioiaake 0bu10
yctaHoBiaeHOo 10—20 xamep. JlOMOJTHUTEIBHO
¢ mag 2021 r. uaMepeHusIMU ObLIM OXBayeHbI MO-
BEPXHOCTHU ITHEI, 00pa30BaBIIMXCsI B pe3yabTaTe
BeTpoJioMoB eneii (10 mHel eneit pa3HOM BBICOTHI,
IyaMeTpa M pa3jIMIHON CTEIIEHU pPa3IOKEHUS),
rie KaMephl YCTaHaBIMBAIOTCS TOJIBKO BO BpeMs
n3MepeHuii. B mmocnenHeM ciyyae repMeTUIHOCTh
KaMep IO OTHOILIEHMIO K TTOBEPXHOCTU IPEBECUHBI
obecrneyrBaiach CielIMaIbHBIM TUTPOCKOIMYECKIM
MaTepuajioM, HaChIIIaeMbIM IIepea U3MEPEeHUIMU
BOJIOI; B IIEPHOJ C OTPULIATEIbHBIMU TeMIIepaTypa-
MU, BMECTO BOIBI MCIIOJIb30BaJIN KUIKOCTb-aHTH -
¢pu3 (Kypranona u ap., 2024). B 2024 r. BrepBbie
yIaJIOCh IIPOBECTH TTOTHBIN TONOBOI LMK U3Mepe-
Huii moyBeHHOM smuccuu CO, ¢ 4aCcTOTOM ABaXKIIbI
B MECSIII, UTO MOBBIIIAET 3HAUMMOCTD IOJIy4eHHBIX
onieHOK. C gHBaps 1o aekaops 2024 1. Ha BceX BHI-
IIeTIepeIMCICHHBIX IUIOIIAAKaX ¥ TPaHCeKTaX ObLIO
npoBeneHo 24 ce30HHbIX LUKJa Mo 100 eIMHUYHBIX
3aMepoB B KaxaoM. ITo o01emMy KoJTM4ecTBy U3Me-
peHuit u BHyTpurogosomy oxnsaty 2024 r. apasieTcs
HauboJiee IoAPOOHO UCCIeTOBAaHHBIM IOJIOM B OT-
HouleHUK HaseMHoi smMuccun CO, 3a BECb MHOTO-
JICTHUI TIiepro, HaOJIIOAeHWI Ha CTaHIINH.

OleHKa YMCTOTO 3KOCHUCTEMHOTo oOMeHa
JUOKCHUIA yriepoaa B UCCIEAYEMON SKOCUCTEME
MPOBOAUTCS METOIOM TYpPOYJCHTHBIX ITyJbCalluid
(MTII) Ha ocHOBe U3MEPEHUS ero KOHIEHTpALuKN
M BePTHKAJIbHOI KOMIIOHEHTBHI CKOPOCTHU BETpa
¢ npuMmeHeHneM yctaHoBku Close Path Eddy
Covariance system (CPEC200, Campbell Sci. Inc.,
CIIIA), ycraHoBieHHOro Ha 42 m Maute. [1pume-

2 @YTOPUHT — OOGLIENPUHSTBHIA B HACTOSIIEE BPEMSI TEPMUH
13 00J1aCTU MPSIMOY HHCTPYMEHTAbHOM OLEHKY MaJbIX Ta30BbIX
MOTOKOB B MPU3EMHOM CJIo€ aTMOC(depbl C MOMOLLIBI0O MUKPO-
METEeopOoJIOTUYECKUX MeTonOB. OH 0003HAYaeT 30Hy oxeama, TO
€CTb ITUIONIAb U3y4aeMOil SKOCUCTEMBI, KOTOPYIO “BUAAT” MpPU-
OOpBI, U TIPEACTABIISIET COOON YyUYaCTOK C HABETPEHHOI CTOPOHBI,
€ KOTOPOro K NMpubopam, pacroiaoXeHHbIM Ha BBIIIKE, EPEHO-
cutcs ra3oBblit motok (Bypba u ap., 2016).

HSIEMBII METOM 1aeT BO3MOXHOCTb ONPEIEIUTh KO-
andectBo CO,, KOTOPOE ObLIO MEPEHECEHO 3a €M~
HUILy BpeMEHHU C AMHUIILI TUIOMAAN S9KOCUCTEMBI
B aTMoc(depy Wiu ke U3 aTMOchephl B 3KOCUCTEMY.
B Hacrosmee Bpemss MTII aBiasieTcss oqHUM U3 Hau-
0oJiee TOUHBIX U TEOPETUUECKH O0OOCHOBAHHBIX
METOAOB MCCIEA0BAHUS MACIITAOHOIO Ta3000MeHa
MexXay aKocucreMamMu U atMmocdepoii (bypb6a u ap.,
2016; Kypuuesa u ap., 2023). B cocraB myibcaiu-
oHHoit ycraHoBku CPEC200 BxoaaT: ocagkomep
TES25 (Texas Electronics, CLLA; Ha BricoTe 46 M
Hag noBepxHOCThIO MoUBHEI(I1I1); razoananmu3aTop
3akpbiToro Tuna EC155 (Campbell Sci. Inc., CIIIA;
44.5 m Han ITIT); TpexoceBoit akycTUYECKMIA aHEMO-
meTp CSAT3A (Campbell Sci. Inc., CIIIA; 44.5 m
Hap I1IT); cerncop TermmoBoro 6aganca B IpU3eMHOM
cioe atMmocepnsl NET-paguomerp NR-LITE (Kipp
& Zonen B.V., Hugepaannasr; 44.5 m Han I1I1);
KBaHTOBBIN CEHCOP BXOJsIIel (hOTOAaKTUBHOM pa-
muanyu LI190SB (Li-Cor Inc., CIIIA; 44.5 m Han
I1II); ceHcop TemnepaTyphl U BIaKHOCTU BO3ayXxa
HMP45C (Vaisala Inc., ®unnauaus; 44.5 M Hap
IIIT); cemb ceHCcOopoB TemmepaTyphbl Bo3ayxa T107C
(Campbell Sci. Inc., CIIIA; 40; 35.5; 26.5; 17.5;
8.5; 2 1 0.25 m nap I1II); nBa ceHcopa temmnepa-
Typbl ouBbl TCAV (Campbell Sci. Inc., CIIIA;
2—6 cM non I1IT); nBa ceHcopa BAaXXHOCTU TTOYBBI
CS616 (Campbell Sci. Inc., CIIIA; 4 cMm nox I111);
TP ceHcopa TeraoBoro 6amaHca B mouBe HFPO1
(Hukseflux Thermal Sensors, Hunepaanasr; 8 cm
noa ITIT). Ina xanuOpoBKM razoaHaiam3aTopa
EC155 ucnonb3oBanuch MOBEPOYHEIE Tra30BEIE
cMmecu niepBoro paspstga OO0 “MOHUTOPUHI™
(Cankr-ITetepOypr) u a30T BBICOKOI 4aCTOThI Map-
ku 6.0 000 “HUU KM” (Mocksa). Bce xanu6-
POBOYHBIE 00pa3Lbl MPOXOAWUIN AOIOJHUTEIbHYIO
nosepky B @I'BY I'TO um. A.U. BoeiikoBa (CaHKT-
ITeTepOypr) B COOTBETCTBUU C BTOPUUYHBIMU ra3o-
BBIMHU CTaHIApTaMU LEeHTPAIbHOM KaauOpOBOYHOM
naboparopun (CCL WMO). Konuenrpauus CO,
B obOpa3siax BapbupoBana oT 400 mo 450 ppm. Hus
VIIpaBJICHUS U3MEPEHUSIMUA U PeTUCTpaluy JTaH-
HbIX cayxut jJorrep CR3000 (Campbell Sci. Inc.,
CIIA), XK KOTOpOMY TTOIKJIIOYEHBI BCE CEHCOPHI.
Jlorrep ompamuBaet ceHcophl ¢ yactoToi 10 I'mr,
CHMHXPOHU3UPYET U3MEPEHUS U COXPaHSIET TaHHbIE
B Buae tabaui. B CR3000 3arpyxeHa mporpamma
pabOTHI YCTAHOBKM, aBTOMAaTUUECKOM MEePBUIHOMN
00pabOTKM U yCpeaHEeHMs NAaHHBIX, HallMCaHHas
Ha a3bpike CRBasic (Campbell Sci. Inc., CIIIA),
Ha KOTOPOM PabOoTalOT BCE JIOTTEPhI IIPOU3BOINUTE -
Js1. Ucnonb3yemast nporpamma CRBasic HanucaHa
cneunanucramu Campbell Sci. Inc u 3amuineHa
aBTOpPCKUMU TIpaBaMu. Ha OOJBIIMHCTBE KO-
JIOTO-KJIMMATUIEeCKUX CTaHIIMi, OCHAIIEHHBIX
komIuiekcamu Li-Cor mam Campbell Sci., naH-
HbIE MoayJyaloT B mepBuYHOM Bume 10 unm 20 I'n
u obpadarteiBaloT ux B nporpamme EddyPro uau
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EasyFlux cooTBeTcTBeHHO. Mcnoyiib3yemass HaMu
CRBasic mporpaMmma BKITIOUaeT Bce HEOOXOIUMBIE
aJITOPUTMBbI 00PaOOTKM JaHHBIX UICHTUYHBIE TEM,
YTO COAECPKATCS B BHIIICYIIOMSIHYTOU IIporpaMme.
B ToM uucne croga BXoaUT 0OTOpaKoOBKa MEPBUYHBIX
maHHbIX moToka CO, 1o (aram KayecTna, Korua
(ukcupyetcs ciaadblit CUTHAJ ceHcopa, HallpuMmep,
M3-3a O0CaIKOB, W IO TMHAMUYECKOI CKOPOCTU
BeTtpa U* (dpopmyna 1), korma oTCyTCTBYET TypOy-
JieHTHocTh. HuxkHuit mopor U* mig uccieayeMoi
cucteMbl BoiOpaH 0.33 M c¢~!; 3HaueHUd IMOTOKaA
CO, cooTBeTCTBYIOIIME MEHBIINUM 3HaYeHUsIM U*
yaangroTcs u3 nepBnYHbBIX JaHHbIX 10 I'o. [Mocre
aBTOMAaTUYeCKOI DUIbTpally JaHHbIC YCPEOHSIOT-
cs 3a mHTepBan 30 MUH U COXPaHSIOTCS JIOTTEPOM.
[NepBuuHBle HeOTGWIBTPOBAHHEIC TaHHBIE TAKXKE
OCTaIOTCSI JOCTYITHBIMM.

2
)

U = ‘\‘/COV(UX u) + cov(U, U,) (1)

roe U, Uy 1 U, — Tp1 KOMIIOHEHTBI CKOPOCTHU BETPA.

IHHWJIKHWH n np.

Hanee mpoBoaWIach AOMOIHUTEIbHAS (PUIBTpa-
WS JaHHBIX 110 3HAYEHUSIM ILUIOTHOCTU IOTOKa
¢otoakTuBHOI paguauuu PAR B HOYHOe BpeMsl.
JJ11 3TOro ynaisitIuCh OTPULIATEIbHbIE CTOKOBbBIE
3HayeHus noroka CO, npu 3HaueHuAX PAR MeHb-
mux 10 MKkMoab ¢! M2,

I[TocnenHum sTamoM (GuAbTpalUU SBISETCS
yIaJeHUe CTaTUCTUISCKY HE3HAYMMBIX BHIOPOCOB.
DyHKIIMM pacnpenesieHus: OOJbIIMHCTBA U3MEPSI-
€MBbIX ITapaMETPOB HE SIBJISIIOTCS CUMMETPUYHBIMU,
IUISI X OIMCAHUsI OOJIbIIIE ITOXOAUT JIOTHOPMAaJIbHAs
anrpoKcuMalus, a He 4acTo UCIoJib3yeMasi HOp-
ManbHag. I GuIbTpaluuu JaHHBIX PSA CKIaabl-
BaJIcsI B IBYMEPHYIO MaTpuily “A” pa3sMepHOCTBIO
m X (48 - 31), toe “m” — KOJIWYECTBO CTPOK MaTH-
1IbI paBHOE KOJMYECTBY MECSIIEB 3a MCCIIEeIyeMbIit
nepnon, 48 — xommuectBo 30-MWH M3MepeHUIN
3a CyTKM, 31 — MaKcuUMallbHO€ KOJIUYECTBO AHEi
B Mecslie. B mpeneiax KaxIoil CTpOKU U KaXI0To
CTOJIOIA TTONyYeHHOW MaTpuibl “A” BBIOOpKa
npubIuKaeTcss K HOpMaJbHOMY paclpelesIeHUIO,
MO3TOMY K HEH y>ke MOXHO IIPUMEHSTh CTaHIapT-

(a)

1
0.5
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_1 1 1 1 1 L 1
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Puc. 2. ®unpTpaniys Ha MprMepe JaHHBIX IOTOKA AUOKcHIa yriepoaa (hparMeHT): (a) UCXOOHbIe JaHHBIE, (6) OTGUILTPO-

BaHHBIC TaAHHBIC.
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HbIe CTaTUCTUYECKHUE olepaTopsl. Jlajee 3amycKai-
Cs LIMKIJI TI0 CTpOKaM MaTpUIbLl “A”, M U3 KaxKI0i
CTPOKHU YOMPpAaJICA JIUHEHHBI TPEHII, IOCJIe Yero
B HEM pacCUUTHIBAIOCH CTAHAAPTHOE OTKJIIOHEHME
(STD). U3 nonydyeHHOI BHIOOPKU YIAJISIJIUCH 3HA-
YyeHUsI, BBIXOAMBIIME 3a Tpedesibl yeTbipex STD.
Ilocne 3aBepuieHUS LIMKJIA II0 CTPOKAM MAaTPUIILI
“A”, 3amyckaJicsl LIUKJI TI0 ee CTOoJ0LaM, U B HUX
BBIMIOJIHSIJIMCH Te ke omepauuu. YepemoBaHue
LUKJIOB MO CTOJ0OIAM M CTpOKaM MaTpulbl “A”
MPOBOIMIOCH IO TE€X MOP, IT0Ka KOJIMYECTBO IIPO-
IyCKOB B HEll HE CTAHOBMJIOCH ITOCTOSSHHBIM, T.C.
MoKa He yaaiasuiuch Bce BeIOpockl. [Tocie ¢punbTpa-
oun MaTtpuna “A” oOpaTHO pacKjaIbiBallach
B OTOMILTPOBAHHLIN psid. B KadecTBe mpumepa
Ha pHC. 2 TTOKa3aHbl JaHHbIC U3MEPEHUI ITOTOKA
CO, (Fc) no u nocjie ipoueaypbl GUIbTPALMH.

BoccranoBneHne IponycKOB TaKXKe IMPOXOINIIO
B IBYMEPHOII MaTpHUlIe C MOCIeA0BaTEIbHBIM HU3-
MeHeHueM ee popmara; [d X 48]; [m X (48 - 31)];
[y X (48 - 366)], rme d — KOIMYECTBO JHEN U3ME-
peHUII, M — KOJIMYECTBO MECSLIEB U3MEPECHUMA,
Yy — KOJHMYECTBO JIeT u3MepeHuii. Ilpomycku 3a-
MOJTHSIJTUCh TPEXMEPHOU KyOMUeCcKOi MHTEPIIOJSI-
LMEN BHYTPU NOJYYCHHOM MAaTPULIbI C UBMEHEHUEM
¢dopmara o pemreHust KpaeBoit 3agaun. Ilocie
BOCCTaHOBJIEHMSI MPOOETOB MaTpuiia 0OpaTHO pac-
KJIaabIBajach B psifi JaHHBIX (puc. 3).

Pacyer 30HBI OXBaTa IyJIbCAallMOHHBIX BBHIIIECK
peann3oBaH B HEKOTOPBIX CTaHOAPTHHIX IIPO-
rpamMMax oOpabOTKM MyJbCAllMOHHBIX JaHHBIX

= OTdUIBTPOBAHHBI
BoccranosineHHBII

Fc [mg m-2s-1]
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(EddyPro, FREddyPro), kpome Toro, cyuiecTByet
npoekT Kljun footprint model (Kljun et al., 2004),
MO3BOJISIIOLIMNI OCYIIIECTBUTDH OLIEHKY 30HBI OXBaTa
B MHTEPHET-IPWIOXEeHUNU. VIMEHHO 3TOT BapuaHT
OBLII MCITOJIb30BaH B HaCToOsIIEel paboTte. buut moa-
rotoBiieH ¢aitn Excel, CTpoKu KOTOpOTro ImpeacTaB-
JICHBI ITOJIyYacOBBIMU 3HAUCHUSIMHU IIapaMeTpoOB,
YacThb KOTOPBIX HEMOCPEACTBEHHO MPOAYLUPYET
MyJIbCAallMOHHASI YCTAHOBKA, a YaCTh XapaKTepU3yeT
YCTaHOBKY U OOBEKT MCCIIeNOBaHMs (BBICOTA pa3-
MEIEHUSI CEHCOPOB 1 BbICOTa ApeBocTosT). Kpome
TOTO, B COCTaB IMapaMeTpPOB BXOAUT MaciiTad Mo-
HuHa-00yxoBa “L” (MMeeT pa3MepHOCTh JJINHBI),
KOTOPBIII MOXET ObITh pacCUMTAaH Ha OCHOBE psiaa
ImapaMeTpOB MMyJIbCAllMOHHOM ycTaHOBKU. [Iponemy-
pa pacuera “L” 6pu1a peanm3oBaHa B makete Excel.
W cxomHBIMU JaHHBIMU TOCIYXWIIN Pe3yJIbTaTh
NyJIbCAIIMOHHOIO0 MOHUTOPUHTA, MPOBEIECHHOIO
B nepuon ¢ mas 2010 o aBryct 2011 r. Ins kaxmoit
BaJIMJHOM IT0OJy4acoBOM 3aIlMcy ObLI MpOBeIcH
pacuetr “L”. Jlanee Obl1 chopMUpPOBAH TEKCTO-
BBIIi MacCHB CTaHAApTHOro popmMaTta M 3arpyxkeH
Ha noptan Kljun footprint model. 3arem ¢ moprana
OBLT TTOJTY4YeH psif, (paitnoB, MPEACTABISIONINX 30HY
oXBaTa B BUIE PAaCTPOBBIX N300paXKEHUI Y BEKTOP-
HEIX (paliiioB.

PE3VJIBTATBI 1 UX OBCYXIAEHMNE

Ycbixanuve enu cnpoBOLIMpPOBaia JIETHSIS 3acyXa
2010 r. I[To mTaHHBIM METEOCTAaHLIMU CpEAHEMECSTUYHAS

1 |

-1
1.7.2023

16.7.2023

1.8.2023

JlaTa

Puc. 3. BoccraHoBiieHre MPOMYCKOB Ha MpUMepe JaHHBIX MOTOKA JUOKcuaa yriaepoaa ((hpparMeHT).
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TemriepaTtypa utoyis B 2010 r. coctaBuna +24.1°C
MpU CyMMe OCaaKOB Bcero Juib 6.1 MMm. HTEH-
cuBHas Tubenb eau npomsonuia B 2011 r. B pe-
3yJIbTaTe aTaKy Ha OCIa0JICHHBIC CTaphie AEPEBbs
kopoema-tuniorpada (Ips typographus L..) (Andepon
u np., 2017; Karelin et al., 2020). B nanpHefimem

IIWJIKHWH u ap.

MepPTBBIE €]V CTaJIX BhINaAaTh U3 sipyca APEeBOCTOS
B pe3yabTaTe BEeTPOJOMOB M BeTpoBanoB. [locie
3acyxm 2021 r. MaccoBoe YCBIXaHWe TTPOIOIKIIIOCH
B 2022 r. ¥ IpUBEJIO K IIOJHOI TMOEIN CTaphIX eleit
B 2023 1. (puc. 4a). B 2024 r. cyxocToii e monBepr-
Csl MAacCOBBLIM BETPOJIOMAaM B CBSI3U C MOpPaXKeHUEM

(©6)

Puc. 4. MaccoBas rubesb e10BOTO IpeBOCTOSI B 30HE OXBaTa dKOJIOro-KinMmaTuieckou craniuu “Jlor Taexuprit” (Ban-
naickuii paitoH, HoBropozackas o6nacts): (a) aBryct 2023 r.; (6) HOs16pb 2024 T.; (B) y4acTOK MacCOBOI0O BeTposioMa (HOSIOpb
2024 r.); (r) oCHOBaHUE CTBOJIA €JIM TIOCJIe BETPOJIOMA C TIJI0A0BbIMU TeaMu Fomitopsis pinicola (Hos16pb 2024 1.).
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OCHOBaHMSI CTBOJIOB IepeBOPa3pyILIAOIIMMU Tprubda-
MU-carnpodutamu (mpeuMyiiecTBeHHO Fomitopsis
pinicola (Sw.) P. Karst.) (puc. 40, B, 1).

B 2024 r. XxuBBIX ejeil B cocTaBe APEBOCTOSI
MPaKTUYECKU HE OCTaJoCh, OOJIbIIAst YacTh Aepe-
BBEB IIpEICTaBIsIa CO0O0I BaJIeXXHUK, a MEHBIIIAsT
4acTh — CYXOCTOi1. B pe3ynbrare BETpOJIOMOB OCTa-
J0TCS ITHU BBICOTOM 1—5 M, TaK KaK B XOI¢ MaficHUS
CTBOJIBI MOTMOIIMX eJiei valle JoMaroTcs (CM.
puc. 41, 1), 9YeM BBIPBIBAIOTCS U3 MIOYBHI ¢ KOPHSIMU
(Karelin et al., 2017b, 2020). ITocnenHee BaxkHO IJ1s
o01iero yriepogHoro 6ajaHca pacCMaTpuBaeMoOi
9KOCUCTEMBI, ITOCKOJILKY U3BECTHO, UTO OCTAaTKU
cyxocTos (ITHM) ¥ II0YBA B UX OCHOBAHMUSIX CIIyXaT
JOCTATOYHO MOIIIHBIMU JOTIOTHUTEILHBIMUA UCTOY-
Hukamu CO, (Kapemun u ap., 2022; Karelin et al.,
2021). Takas cutyanus Habmoganach B 2024 T.
MpakTUYEeCKU 110 BCeil MJIoIamu 30HBI OXBaTa
(pyTrpuHTa) MyIbCALIMOHHOIO O0OPYIOBaHUS
CPEC200, B paguyce 400—500 M oT oCHOBaHUS
mauThl. [Ipu TOM Ha ydacTKax ¢ IMOJHBIM pacra-
JIOM IPEBOCTOSI €JIM aKTUBHO Pa3BUBAETCS MOIPOCT
JIMCTBEHHBIX nepeBbeB (Sorbus aucuparia L., Salix
caprea L., Betula pendula Roth, B. pubescens Ehrh.,
Populus tremula L.) ¢ mpuMechio elI1, a TaKXe
TpaBSHOI IOKPOB ¢ TOMMWHHMPOBAaHUEM BeiHMKA
necHoro (Calamagrostis arundinacea (L.) Roth),
opnsgka (Pteridium aquilinum (L.) Kuhn), mpuaem
OPJISIK 9acTo GJIOKUPYET €CTECTBEHHOE JIECOBOCCTA-
HoBieHue. ENb ycnenmHo BO30OHOBIISETCS MO 110~
JIOTOM JIMCTBEHHBIX IEPEeBbEB Ha ITePErHUBAIOIINX
CTBOJIAX €JIN.

[To naHHBIM TUCTAHLUMOHHOTO 30HIUPOBAHUS
yJacTKa HaOMIOAeHUIA 110 KOCMUYECKUM CHUMKAM
(o6was momans 0.785 km?), B 2009 r. ociabieH-

HBIMHU, YCHIXAIOIIMMU Y MOTUOIIMMU eJISIMU ObLIO
3aHATO Beero 8% mioianu, Toraa Kaxk B 2015 r. oHu
coctapisuin yxke mout 30%. C 2015 r. cMepTHOCTh
JIepPEeBbEB 3aMeNINIIAch, a TOTUOIIINe AepeBbs Haya-
JIV BblMagath U3 aApeBoctos. B 2022 r. mpou3ouiio
MacCOBOE€ YCBhIXaHWE OCTaBIIErOCs €JIOBOTO JApe-
BocTost (0Kos10 20% tmomanu). B 2024 r. Gonbimast
YacTh CYXMX JIEPEBbEB €U BbIIlajia B pe3yjibTaTe
BETPOJIOMOB (puc. 5).

B cBs3u ¢ atuM 3a nepuoa 2009—2024 rr. 3ana-
CBI KPYITHOTO IPEeBECHOIO AeOprca YBeIUUIUIINCh
B 6.6 pa3, Ipu 3TOM 0O0JIbIIAs YaCTh Mepellia B Ba-
JISXKHMK. 3a TOT Xe MepHOJI 3aI1ac KUBBIX IePEBbEB
Ha MPOOHBIX y4acTKax cokpatuiics ¢ 572 no 8 m* ra™!
(puc. 6).

OlLieHKY 3amacoB yIJiepoaa B ITyjiax GMOMAacChl
¥ MOPTMAcCChI ITIOKA3aJlk, YTO YYAaCTKM C pacrajaa-
IOIIUMCS €JIOBBIM APEBOCTOEM XapaKTePU3YIOTCS
MOTePSIMHU YIJIepoaa, KOTOPEIE B OCHOBHOM CBSI3aHbI
C pa3JIoXEHUEM 3HAYMTEILHOTO 00beMa MEepPTBOM
npeBecuHbl (Tadi. 1). 3a mepuox 2009—2024 rr.
3amachl yriaepojaa cokpatuianch Ha 59.6 TC ra!.
3a paccMaTpuBaeMBblii TIEPUO 3aachl yIJIepoaa co-
KpaTUJIKCh B OMOMacce APEeBOCTOS U YBEIMINIUCH
B MEPTBOM ApeBecUHE (CYXOCTOM M BaJIeXKHMK).
B 2024 r. Habntoganoch yBeJanuyeHe HAKOTIIEHUS
yriiepona B buomacce nmoapocra B 7.8 pa3, B O1o-
Macce XMBOro HallOYBeHHOro IokpoBa — B 3.8 pasa
no cpaBHeHuto ¢ 2009 r.

Imuccus CO, uz noussl. Paccmorpum mokasa-
Teau 2024 r. mo JaHHBIM Ha3eMHBIX HAOMIOAeHUM
nouyBeHHO# smuccun CO,. Ipexne Beero, cnenyer
OTMETHUThH, YTO BHEIIHUX Pa3INUM MeXIy U3Ha-
YaJIbHO BEIOPaHHBIMU MIJISI MOHUTOPUHTA YYacTKaMU

CJIOBOIO JI€Ca C paciiaaoM APEBOCTOA M ydyaCTKaMuU

Puc. 5. CriyTHMKOBBIE CHUMKH ucciaenyemoro JaHamadTa 2011 r. u 2024 r. KpacHbple M30JIMHUM OTpaXkaloT (PYTIPUHT 10 CO-
ctostHuio Ha 2011 r. (¢ mrarom 10% oT 1utoLIaay 30HbI), BHEIIHUIA KOHTYp orpaHnyuBaeT 90% ruiomanu GyrnprHTa (IUIMH-
Hasl OCb BHEIIIHETO KOHTYpa cocTapsieT okojo 1200 M, kopotkas — 800 m).
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Puc. 6. MHoroJieTHsIs AMHaMMKa 3aMacoB KUBbIX JIE€PEBLEB, CYXOCTOA U BaJIC2KHUKA B CTAPOBO3PACTHOM €JIOBOM JIECY C BbI-

PaXXE€HHLIM pacriaaoM IPpEBOCTOA.

Ta6auna 1. 3anacel yriiepoaa B CTapoBO3pacTHOM €JIOBOM
JIECy 10 U TIOCJIe paciaja IpeBOCTOst

3amnacsl yriepoga, T C ra™!
PesepByap yriepona
2009 1. 2024 r.

buomacca ipesoctost | 1009 1154 | 99403
(>kuBBIE EPEBbBS)
Mepreas npesecitia 403+6.7 | 142.1+21.3
(cyxocTol 1 BaJIEXKHUK )
buomacca nompocta 0.8 £0.1 6.2+0.8
buowmacca tpas 04+01 | 15402
U KYCTApHUYKOB
Buomacca MxoB 0.2%0.1 0.3%£0.1
Hroro 212.6 £ 16.8 | 153.0+21.3

Ilpumeuanue: puBeneHbl CpenHUE BEWYMHBI M UX CTaH-
JIapTHBIE OLIMOKU.

C COXpaHMBIIMMMUCS NEPEBbSIMU, B pacCMaTpuBa-
€MBbIl TIepuof 0OJIbIlle He HAOII0OaeTCs, II03TOMY
3TU JaHHbIe B 2024 1. ObUIM 00beIMHEHBI. 3aMETUM,
YTO MTOCTOSTHHBIE U3MepeHUus Ha TpaHcekTe 500 M,
KOTOpPBIE OBLINA MOJOXEHBI B OCHOBY 3TOTO CpaB-
HeHUS, IPOBOISITCI B TOYKAX, PACITOJIOKEHHBIX
Ha ynajeHuu 1 M u Oojee OT CyxuX CTBOJIOB WJIU
MHEU enell, TOATOMY B JTAHHOM CTy4yae OTCYTCTBYET
BIAMSHWE NOTOJHUTEIbHBIX UCTOYHUKOB 3MUC-
CHH OT OCHOBAaHUI WJIM C IIOBEPXHOCTU CYXOCTOSI
u paccmarpuBaercs smuccus CO, ¢ MOBEpXHOCTH
TOYBBI MEXIY CTBOJIAMU I€PEBLEB.

71 KOppeKTHOU OLIEHKM OOIIEro TpeHaa IruHa-
MUKW TTOYBEHHOU SMUCCUM 32 MHOTOJIETHUI NEPpU-
0J1 HEOOXOIMMO MCIOJIb30BaTh TOJBKO CPaBHUMBIE
JaHHBIe (anmpeiab—OKTI0pb), TO €CTh B HallleM

cliyyae 3a BereTallMOHHBIE CE€30HBI, ITOCKOJbKY
B II€pPBbIE€ TOIbl MOHUTOPUHTA HE TIPOBOIUINCH U3-
MepeHUs B 3uMHUI nepuon. Kak mokasan aHanus
MeTeodaHHBIX (puUcC. 7), eCcliu pacCMaTpUBaTh BECh
nepuon HabmoaeHuit (2009—2024), orMmevaercs
yBeJIMUEHME CPETHETONOBOM TeMIIepaTyphl BO3IyXa,
B OCHOBHOM, 3a CYeT 3uMHeTo nepuona. OgHako
3a mocaenHuit mepuon (2014—2024) HecmoTps
Ha To, uTo B 2021—2024 rT. HAabII0AAE€TCSI MOHOTOH-
HBII POCT TeMIlepaTyphbl BO3ayxa, € TPEH I IOUTHU
He BhIpaxeH. Ha stoM ¢oHe cpemHuii ypoBeHb
SMUCCUHU 3a OECCHEXHBIN ce30H (CM. puc. 7) ne-
MOHCTpPHUPYET 3a mocjaenHuil 10-1eTHU nmepuon
HeOONbIIYI0 (HE3HAYMMYI0) ITOJOXUTEIbHYIO
CBSI3b CO CPEIHEroA0BOIM TeMMOepaTypoi (rp: +0.3,
p > 0.05) u cnabo BeIpaxXeHHbIN OTpULIATEIbHbBIN
TpeHa (okojio 2% B romx). Ha ToM ke prcyHKe XO-
POILIO 3aMEeTEH IIPOLIECC ITOCTENIEHHOIO COIMKEeHUS
KPHUBBIX MI3BMEHEHHUS SMHUCCHUM B OKHAX pacmaaa ape-
BOCTOSI M Ha YJ9aCcTKaX Jieca C eIle COXpPaHUBIIAMCS
JIPpeBOCTOEM IT0 Mepe €ro MoJIHOro pacnana B 2023—
2024 rr. BeposTHO, HEOOJBIIIOE CHUXKEHUE IMUC-
CHH B 3TOT IIEPUOJ OIIpenesieTCs He ITOTOTHBIMU
(akTopaMu (Kakoro-iambo TpeHIa 10 KOJIUIECTBY
0CaIKOB TakXe He Habytomgaercs), a mMpoleccoM
rudenu apeBocTos, XoTs B 1ieaoM 2024 r. okazancs
aHOMAaJIbHO TEIUIBIM M HECKOJIBKO 0O0Jjiee CyXUM
(TeMnepatypsl Bo3ayxa: +6.5°C, cymMa 0CaJaKOB:
583 MM; 1J191 cpaBHEHUSI MHOTOJIETHSISI KiIMaTH4e-
ckast HopMa 3a 1991—2020 rr. cocrasiser +5.0°C
1 692 MM COOTBETCTBEHHO). 3aMETHUM, YTO B JaH-
HOM cCJIydyae He YYTECH IOITOJHMTEIbHBLIM BKJIA
smuccun CO, U3 MPUCTBOJIBHBIX 30H CYXOCTOS U €
TMOBEPXHOCTH ITHEM, a TakKe OT Bajiexka eJIu.
ITpumeHeHue monenu Paiixa-Xalmmoro, paHee
napaMeTpU30BaHHOM HAMU IO ITOJIEBBIM HaOJIoIe-
HusiM amuccun CO, 3a 2014—-2021 rr. (KapenuH,
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=@=(KHa pacraza IpeBoCTOs
Temmnepatypa Bo3ayxa

y=-0.0568x + 3.1435
R2=0.0876
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Puc. 7. Muoronernsas auHamuka smuccuu CO, U3 TIOYBBI B OKHAX pachajia IPeBOCTOS U HA yYaCTKaXx Jieca ¢ JPEBOCTOEM,
BKJTI0YAsI KMBBIE IEPEBbSI M CYXOCTOM 3a O€CCHEXHBIN Mepuo rofa (anpeab—oKTs0pb; crauoHap “Jlor TaexHsrii”). [Tpu-
Be/ICHBI CPeIHNE BeIMIMHBI M MX CTAaHIApTHBIC omnOKK. Cepast TMHMS — M3MEHEHUST CPEIHEeroI0BOM TeMIIepaTyphl BO3IyXa
o MeTeoctaHuuu Banpaiickoro ¢punumana 'ocynapcTBEHHOTO T’MAPOJIOTMYECKOTO MUHCTUTYTA.

CyxoBeeBa, 2022), NpUBOIUT K CYIIIeCTBEHHOMY
YJIy4IIEHUIO €€ KayecTBa 110 CPaBHEHUIO C HaTyp-
HbIMM HabmoaeHusMu 3a 2024 r. (puc. 8). Tak, ecnu
paHbllIe nokazamens Hecoomeemcmaus Teiinra (MeHsI-
ercst oT 0 mo 1: YeM OH MEHbIIIe, TeEM COOTBETCTBHE
MOJI€JIM HAaTYPHBIM JaHHBIM JIy4llle) IJI1 y4acTKOB
C HapylLIeHHBIM ApeBocToeM OblI paBeH 0.234, nisa
Jieca ¢ He3aTpOHYTHIM pacnagoM apeBoctoem 0.231,
To B 2024 1. oH oka3zancsg 0.166 u 0.182 cooTBeT-
cTBeHHO. K03 ULMeHTHI KOPPEISIIINU IT0 TEM XKe
MaccCuBaM IaHHBIX TaKXe CYIIECTBEHHO YIyYIlIr-
JHCh (C T = +0.67 no r =+0.90).

Ecnu olieHMBATh MO TEM K€ MOJIEBLIM JaHHBIM
(cMm. puc. 8) sHaueHue cymmapHoi smuccuun CO,
3a rof I1o (popmyJie Tpaneunii 1o BceM HaOIIoneH -
gaMm 3a 2024 r., To nonyuuM 746 = 41 r C-m~2 rog~!.
IIpu aTomM Momens Paiixa-XammumMoTo B ee Hau-
JIydIeM IIpUOIIKeHUN, IPUBOAUT K OYeHb OJIM3-
KoMy 3HaueHU1o: 744 v C-m~2 ron~!. IMocneauss,
MOYTH COBIIAAAIOINIasl ¢ IOJIEBO, OLIEHKA TOI0BOM
SMUCCUU Obla MOJy4eHa C MOMOIIbI0 MOIE/IH,
napaMeTpU30BaHHOM IIJISI y4aCTKOB Jieca, KOTOphIe
MOABEPTJUCH paclaay ApeBOCTOs 3a IMOCIeaHUe
TOIIBI, TOTIA KaK aHAJIOTUYHAs OIIeHKA C TIOMOIIBIO
TOM X€ MOJIC/IN, MapaMEeTPU30BAaHHOM I10 YY4aCTKaM,
rae IpeBOCTOM pacrajicsad Ha 7—11 jeT paHblie,
Jajia 3aBBIIIEHHBIN pe3yabTaT (CM. puc. 8 “BbIBaI”;
835r C-m2ron'). DTO CBUAETENBCTBYET 00 OUEHD
IMHAMWUYIHOM M3MEHEHNHU IbIXaHUS II0YBHI B KO-
CHCTEME €JI0BOIO Jieca, CBSI3aHHOM C I'MOEIbIo ape-
BOCTOSI TIOJ1 BO3JIEMCTBUEM 3aCyX U aTaK Kcujoda-

roB. 3a paccMaTpuBaeMblii TIEPUOJ IbIXaHUE TTOYBbI
HECKOJIBKO CHU3WIOCH, YTO BEPOSITHO CBSI3aHO, KakK
C YMEHBIIEHUEM BKJlaaa ObIXaHUsI KOPHEH, TaK U C
nojaBJieHUEM MUKPOOHOU (mpexae BCcero, pu3o-
cepHOoiT) aKTUBHOCTH B TTOYBE.

[TonydyeHHBIE OLIEHKHU AbIXaHUS MTOYBBI COIIOCTA-
BUMEI C paHee OITyOJIMKOBAHHBIMU pe3yJIbTaTaMH,
XapaKTepHBIMU OJIS JIECHBIX 3KOCHCTEM yMe-
peHHoro nosica. Hanpumep, B 0630pHOIT padoTe
WN.H. KypranoBoii ¢ coaBropamu (2024) cpegnue
3HAYE€HUS AbIXaHWS MMOYB BapbupoBaiu oT 3.75
10 4.39 r C-M~2 cyT™! W51 XBOMHBIX, CMEIlIaHHBIX
¥ JINCTBECHHEBIX JiecoB Poccuu ¢ pa3HBIM TUIIOM
MOYB U BJIaXHOCTBIO, UTO OJIM3KO K ITOJIyYEHHBIM
HaMu guaria3oHaM. [1o JaHHBIM MHOTOJICTHUX Ha-
OJII0JeHUI B JlecaX YMEPEHHOI 30HBI CEBEPO-BOC-
toka CIIIA B cpegHeM 3HaUCHME IbIXaHUS TIOYBEI
BapbupoBajo oT 695 no 768 r C-Mm~2 rox! (Giasson
et al., 2013).

[Nonygennsie 3HaueHUs amuccun CO2 U3 ITOYBBI
B 2024 1. (746 + 41 r C-M~%Ton ') TIpeBHILIAIOT Cpe-
HHE IOKa3aTeIn 11 HeHapYIIeHHBIX Y9KOCHCTEM.
Hamnpumep, B 10)KHO-TaeKHBIX eJibHMKax Pecryonu-
ku Komu (Poccust) mouyBeHHOE OBIXaHNE BapbUpPyeT
B nipenenax 161—407 r C-m~2-ton~! (Osipov et al.,
2018), Torma Kak B JIECHBIX dKocucTeMax Bammas
rnocJjie rudear IpeBOCTOs aHAIOTUYHbIE BETUIUHBI
nocturaior 700—800 r C-m~2ron~! (Karelin et al.,
2021). I'mo6anbHbie 0030psl (Hamdi et al., 2013;
Jian et al., 2021) nmoka3sIBalOT, YTO MOBbIILIEHHbIE
3HaY€HUSI IMTOYBEHHOI'O IbIXaHUsS CBSI3aHBI C H0O-
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Puc. 8. CpaBnenue Buyrpuronosoii smuccun CO, U3 NOYBBI Ha 3KOJIOTO-KIMMaTh4eckoii cranuuy “Jlor TaexwHplii” mo Ha-
TypHBIM HaOmoaeHusM 2024 r. 1 1o mapaMeTpu30BaHHOM Ha MOJIEBBIX JaHHBIX Moaeau Paiixa-XalnMoTo Ij1s y4acTKOB Jieca
C pa3IUYHOM UCTOpUEl: “BhIBal” — y4acTKH, T APEBOCTOM pacnajics Ha 7—11 jet paHblie, “jgec” — ydyacTKU, KOTOpbIe
MOABEPIVIMCH pacrany apeBocTost 3a rnocieanue roasl (2020—2024 rr.). st moneBbIX JaHHBIX MIPUBEACHBI CPeIHUE U UX

CTaHdapTHLIC OILLIMOKMU.

CTYITHOCTBIO OPraHMYECKOIo cyOcTpaTra M aKTUB-
HOCTBIO TeTePOTPODHBIX MUKPOOPTAHU3MOB, YTO
corjacyercs ¢ HalllMMU TaHHBIMU JJ15T HApYIIEHHBIX
JIeCOB ¢ obunueM MepTBOi mapeBecuHbl. OQHAKO
B oTinuue oT pabot B.A. MyxuHa ¢ coaBTopamMu
(Mukhin et al., 2021), rme aMuccus OT BaJexXHUKA
JOMUWHUPYET ake B MHTAKTHBIX Jiecax, B HallleM
uccienoBaHuM ee Bkiazd (54.5%) cTan KpUTUIHBIM
TOJIBKO ITOCJIE MACCOBOIO paciiafa BTOPUYHBIX €JI0-
BBIX IPEBOCTOEB.

Imuccua CO,, céazannas ¢ Gopmuposanuem cy-
xocmos. OLIeHUB COBPEMEHHEBINM YPOBEHb TOI0BOTO
IBIXaHWS MOYBHI HAa YYacTKaX, YAaJeHHBIX OT CyX0-
crost, onpenenum Bkuan smuccun CO, 0T CyXocTosl.
C 2014 r. Ha WIomAaAKe C IMOJHOCTBHIO MOTUOIIMM
JIIPEBOCTOEM €JIeH, TNIe CYXOCTOM cerdac COXpaHUIICS
B BUJE ITHEM pa3IMYHON BBICOTHI, ITPOIOJIKAIOTCS
HaOmoneHus 3a smuccueir CO, U3 TMOYBBI 6 0CHO-
sanusax cyxux cmeonog eneit (10 Touek), roe paHee
HaM¥ ObUIM OOHAPYXEHHI JOIOJHUTEIbHbBIE MC-
TOYHUKU yriaekucioro rasza. B 2023—2024 rr. cyxo-
CTOM Ha y4yacTKe HabOJI0AeHUN MTOJHOCTbIO BbITa
B pe3yJIbTaTe BETPOJIOMOB, ITOCIIE KOTOPEIX COXpa-
HWINCH ITHU, 10 BHICOTE HE MPEBHIIIAIONINAE 5 M.
C 2014 no 2024 r. COOTHOLIEHUE SMUCCUU B OCHO-
BAHUSAX CYXOCTOWHBIX CTBOJIOB €€ U U3 MTOYBHI
MEXIy HUMU YIepXKUBaJIOCh B Ipeneiiax 2—3.5 pasa
(BbILlIE IO CYXOCTOEM, B CpelHEM, B 3 pa3a), ITOUYTU
He MeHssCch. B 2024 1. 3TOT mokasaTeib ObLT OJIM30K

K CpeaHeMy 3HAa4eHMIO 32 HECKOJIbKO JeT. B menom
2 deKT ycusieHusI SMUCCUU B OCHOBAHUSIX CYXUX
CTBOJIOB Y ITHEM €JIEl OCTAETCS CTOJIb XK€ BhIPAXKEH-
HBbIM, Kak 1 B 2014 r., B caMoM Havaje HabJawoae-
Huii. 3a 10-J1eTHUIT Teproa KOppersnus BeTUInH
AMUCCUU MEXAY 3TUMMU MUKPOOMOTOIIAMU OCTaeTCs
CWJIBHOM U TTOJIOXUTEIbHOMU (rpz +0.86, p < 0.001).
Cynd 1o 4auTebHOCTU Habaonaemoro 3¢ dekxra,
MpeacTaBisieTcs: 00jiee BEpOSITHBIM, YTO B HACTOSI-
11Ie€ BpeMsI 3TO CBSI3aHO HE TOJBKO C aKTUBHOCTBIO
OMOTHI, pa3iaramlleil IpeBecUuHy, KOPHU 1 XBOM-
HBIii oraj, HO U ¢ obieryenureM tpaHcrnopra CO,
M3 MOYBHI B IIPUCTBOJIOBEIX 30HAX. 3aMETUM, 4TO
110 TaHHBIM Ha 3TOM IUIOIAAKE HAOIIOAEHUNI, TaK
Ke, Kak 1 Ha 500 M TpaHceKTe, HabI101aeTCs TPEH,I
K CHI:KEHUIO YPOBHS AbIxaHus 3a 10 JieT MOHUTO-
puWHTa, XOTs 3a MOCJEeIHNE TPU rojga OTMeYaeTCs
MPUPOCT SMUCCUU U3 MTOYUBBI MO CYXOCTOEM.
BTopoit Bua Tak Ha3bIBaeMbIX “TOPSUYUX TO-
4yek”? — 210 3HauuTenbHas smuccus CO, ¢ mo-
BEPXHOCTH OOJIOMKOB cyxocTos. HaunHast ¢ Mas
2021 1. Ha TTOBEPXHOCTH ITHEH pa3IMIHON BHICOTHI,
IraMeTpa U CTETeHU pa3ioKeHMs ObLIU MPOBEIEHbI
usmepeHus smuccun CO, Ha IECATH TIOCTOSAHHBIX

3 “Topsune Toukn” (hot spots) — OOBIYHO HEOOJBILNE T10 IJI0-
LIAON YYACTKHU MOYBBI, KOTOPBIE CIYKAT BPEMEHHBIMU WJIN IJTH-
TeJbHBIMU 3HAYMTENBLHO Gojiee MOLIHBIMU McTOYHKMKamu CO,,
110 CpaBHEHMIO ¢ (POHOBBIM 3HAYECHUEM TTOYBEHHON 3MUCCHUM.
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Toukax. Kak yxe oTMeyanoch, yalle BCTpeYaeTcs
BapWaHT, KOTJa eJIb He BBIBAJIMBAETCS C KOPHEM,
a 00J1aMbIBaeTCsl Ha HEOOJIBIION BEICOTE, OPMUPYS
neHb uinu ocrojon. Hamu Oblia oOHapyXeHa Mo-
JIOXUTEJIbHAsT KOPPEISILIMOHHAst CBsi3b (1 = +0.71,
p < 0.05) mexny BBICOTOM cyXocTOsI (ITHSI) M CKOPO-
ctbio amuccun CO, ¢ ero 06;10MOYHOM TIOBEPXHO-
CTU, YTO CBUAETEILCTBYET O TOM, UTO 3TOT 3(PPeKT
MOXET OBITh CBSI3aH, KaK C OCBOEHUEM TpubaMu-
KcunoTpodamMu OOJIBIINX 3a1TaCOB MOPTMACCHI CTBO-
JIOBOM IPEeBECUHEI, TaK 1 C YCUJIIEHEM TPaHCIIOPTa
rasza 4yepes3 BepTUKaJbHBIC TPEIIUHBI B MEPTBOM
JIpeBecuHe (TaK Ha3biBaeMbIll 3¢hheKT “KaMUHHON
TpyOBI”).

CBs131 MeXIy CTEIIeHbIO Pa3JIOXKEHUS APEBECUHBI
MHEW U BMUCCHEN ¢ UX MOBEPXHOCTU YCTAHOBUTH
He ynanoch. Ilo Haubojiee MOAPOOHBIM 3a BeCh
nepuop HaOmomeHnit JanHabIM 3a 2024 1. (puc. 9),
BeJIMYMHA 3TOT0 NOIOJHUTEIBHOIO JIOKAJIbHOIO
WCTOYHUKA B CpeJHEM B 7 pa3 MpeBBIIIAET Cpell-
HUI YpOBEeHb IBIXaHMs TTOYBHI (B ssHBape B 0.6 pas,
B Mae — B 13.3 paza), npuyeM 3TOT MCTOUYHUK
duKcUpyeTcd U B CHEXHBIN TEePUOJ, C HOSIOpS
1O arpenb, JUIIL B THBape 3HAYMMO HE OTInda-
SICh OT (pOHA TTOYBEeHHOTO AbIXxaHus. Koppensoum
MeXAy BCEMM MOTOKAMM Ha pUcC. 9 ABISIIOTCS BbI-
COKMMHU U TTOJIOXXKUTEJIbHBIMU (r =+0.9, p <0.001).
Koppensaius ¢ TeMIeparypoii Bosj:[yxa B MOMEHT
M3MEPEHUI 3a ToJ TaKKe Oblla BRICOKOI M MOJIO-
KUTEJIHLHOU U Hab/II0manach I BCeX OLleHUBAaeMBbIX
3JIeCh BUIOB SMHUCCHUOHHBIX MOTOKOB (CpenHMit
= +0.86, p < 0.001).

Ecnm paccumTaTh OTHOCUTENLHYIO TIJIOIIANb
Nog00HBIX 30H MOBbILIeHHOW smuccuun CO,
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Cpem—mﬂ 10 TPAHCEKTE SMUCCHUA U3 IMOYBbLI

B OCHOBaHMSIX CYXOCTOS eJeil B 30He (PyTIpUHTA,
TO 3Ta BeJIMYMHA COCTABJISIET, 10 HAILIMM OLIEHKaM,
ot 7 no 10% npo6Hbix mnowmaneit (7 = 10). Ilio-
1IaIb CTBOJIOB Ha BBHICOTE 0OJIOMOYHOI IMMOBEPXHO-
CTH, 10 TEM K€ OLIEHKaM, cOoCTaBisieT oT 3 mo 4%
(n=10). B aToM ciydae cyMMapHBIA TOTOBOU
BKJIAJI SMUCCHHU CO CTOPOHBI CYXOCTOSI (BKJIIOUas
30HBI BOKPYT €r0 OCHOBAaHUI1) MOXXHO OLICHUTh KaK
305-376 r C-Mm2ron".

Ilomepu CO, npu paznoixcenuu opesecrozo éaremnca.
HawuGonee mpocThIM KOCBEHHBIM CITOCOOOM OLIEHKH
BKJIa[la JOTIOJTHUTEIbHOM SMUCCUM TMOKCHIA YIJIe-
pona co CTOPOHBI BaJiexa SIBJISIETCS OLIEHKA 110 I10-
Tepe MacChl KPYITHBIX IPEBECHBIX OCTAaTKOB. s
3TOTO HAIO OLICHUTH yIEJIbHBIC 3aIlachl yriiepoma
Ha IIPOOHBIX IUIOIIAMSIX W IIPUMEHHUTh K HUM H3-
BECTHYIO KOHCTAHTY Pa3JIOXEHUS IJIsT JTaHHOM I10-
poabl (Harmon et al., 2000). /Ins1 enu eBponeickoit
B 30HE pACIIPOCTPAHEHUS POCCUMCKOMN TalTu TaKue
KO3 OUIMEHTH 1OCTATOYHO XOPOIIO M3BECTHHI
U MOTYT OBITb OLIEHEHBI, B cpeaHeM, Kak 0.070 rox!
(Khanina et al., 2023). 3amnacsI BanexxHuka B 2024 r.
OBLIN OTIpelie/IeHBl HAMU Ha TIOCTOSTHHOM TTPOOHOM
TUTOLIAIN B MCCIIEAYEMOM eJIbHUKE, KakK 642 M ra~!.
Eciu Bocmonb3oBaThCs HAIMMHU HAaHHBIMH
10 3aImacaM MEpTBOI ApeBecHHHI eau 1mo 0—5 cra-
IUSIM Pas3IoXEeHUs Ha TOH K€ IUIOIIAmM, a TaKXKe
10 TUIOTHOCTY JPEBECUHBI M COACPKAHUIO YIJIEPO-
Jla Ha pa3JIMYHBIX CTAOMSIX Pa3JIOKEHUSI MEPTBOM
JIpeBEeCUHBI eI B TOM ke ucciaegopanuu (Khanina
et al., 2023), MOXXHO OLIEHUTh TEKYIIIWI 3amac yr-
Jepoa BajiexkHuka Kak 96.2 T C ra~!, 4ro ¢ yuyeTom
CpelHel KOHCTaHThI Pa3IoXeHUsI IPEeBECUHBI €JI1
COOTBETCTBYET CKOPOCTH IOTEpHU yIjepoaa ¢ pas-
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Puc. 9. lunamuka smuccun CO, B MUKPOOUOTOIAX JIECHON 3KOCUCTEMBI C MOJHOCTBIO IIOTMOLIMM APEBOCTOEM B 2024 1.

ITpuBeneHbl cpeHUE U UX CTAHAAPTHBIC OLLIMOKU.
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JoxeHueM Baexa 673 r C-M~2 rog~!. DT0 OYEHB
3HAYMUTEJIbHAY BEIUYMHA.

Irocucmemuulil 06mMeH duokcuda yeaepoda. I'ogo-
BOI 4nuCThIK 3KocucTteMHbit oOMeH (NEE — net
ecosystem exchange) CO, B 2024 r. oueHusacs,
KaK ¥ B IPeAIIEeCTBYIONINE TOAbI, C IPUMEHEHIEM
MeTolla TYpOYJIeHTHBIX MyJibcaluii. B mepBbie Me-
caunl 2021 u 2024 rr. (aHBapb—MapT) Uccaeayemas
sKocHUcTeMa umMmesa mojoxuteabHbli NEE (saBs-
Jach ucrouHrukoM CO, mist atMochepbl) CO CpeIHEi
BeamurHOM moroka +0.51 £ 0.25r C Mm% ¢y ! 1 He-
OOJIBIIMMU MEXCYTOYHBIMU BapualuusaMu (puc. 10).
C Havaja anpesis MeXCyTOUHbIe BapyUalluu CyIIle-
CTBEHHO YBEJIWYUBAIOTCS, MOSBISIOTCS OTpUIIA-
TesibHbIe 3HaYeHus (cTok CO, 3 atMmocdepbl). DTH
W3MEHEHUS CBSI3aHbl C Ha4aJoM TEILJIOro repuoaa
M aKTUBHOI Beretauuu. B Mmae—aBrycre rpeobJa-
JalOT OTpHUIIATeIbHbIE CPEIHECYTOUHbIC BEIUUMHbI
NEE, uTto cBsizaHO C¢ 060jiee BLICOKUM YPOBHEM
(poToCcHHTE3a 110 CPAaBHEHUIO C CYMMAapHBIM JbIXa-
HHUEM 3KocucTeMBbl. OTHAKO YXKe ¢ Hayajla CEHTSIOps
HaOIIOMAIOTCS IPEUMYIIECTBEHHO OJIOXUTEIbHBIS
cyrouHble NEE 1ipu coxpaHeHUN BbICOKUX MEXKCY-
TOYHBIX Bapualmii. Takast cUTyalus IIpoaorKaeTcs
JT0 KOHIIA HOSIOpS, KOT/Ia 9KOCUCTEMAa BXOIUT B pe-
KUM xojionHoro nepuoga ¢ NEE, aHanoruuyHbIM
CTapTOBOMY ITepHOIY KaJIECHAAPHOTO roja.

Cnenyet oOpaTuTh BHMMaHue, uto B 2024 .
sHaueHns1 NEE 3a Maii—okTs10pb ObITM B OOJIBIIICH
CTEIICHM CMeEIIeHBbl B 00JaCTh OTPHUIATEIbHBIX
3HAa4Y€HMUM, COOTBETCTBYIOILYIO ToromieHuto CO,
n3 atMocdepsl, Mo cpaBHeHMIO ¢ 2021 1. BTO U3-
MEHEHME CIeAyeT CUUTATh PE3yJIbTATOM BOCCTAHOB-
JICHUSI paCTUTEJIBHOTO IOKPOBa, COIIPOBOXKIAIOIIE-
rocsl yBeJIMYEHUEM 3allacoB yrjiepojaa B Oromacce

6 —_
57 ® 2021
4 ® 2024

3_
2_
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| |
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L [

IIHWJIKHWH n np.

noapocTa, MoJJiecKa M XXHWBOIO HAIIOYBEHHOIO
noKpoBa (cM. Tabi. 1) mociie KpUTUIECKOTO YChI-
xaHus apeBocTos B 2021 r. MeXroIoBble pa3anuus
VIJIEPOTHOTO OajlaHca UCCIeIyeMO 9KOCUCTEMBI
spue MPOSIBISIOTCS B TMHAMMKE KYMYJSTUBHOTO
NEE, To ecTb cyMMe CYTOYHBIX 3HAUYEHUIi, OTCUM-
ThIBaeMOM ¢ Hayaja roga (puc. 11).

B nepronsl ycTOMYMBOTO BO3pacTaHUST KYMYJISI-
tuBHOro NEE sKocuctemMa gBiIsIeTCSI UICTOYHUKOM
CO, ms atMocdepbl, B IEPHOIbI YOBIBAHUS — CTO-
KoM. YeM Oosbllle YroJl HaKJIOHA KyMYJISITUBHOTO
NEE, TeM 60Jbliie BeTMYMHBI 100aBISIEMbIX CyTOU-
HbIX 3HauYeHui. B mepuonsl ¢ 1 sHBaps 1o 1 anpenst
B paccMaTpuBaeMble Toabl HabmoneHuid (2018,
2021, 2024) sxocucteMa cranumu “Jlor TaexHbri1”
ABJIstIach HeTTO-UcToYHUKOM CO,. TIpryeM K Ha-
Jajy ampesis B pa3HbIe ToAbl ObLIM HAKOILJICHBI
onmskue cyMmbl NEE (38—44 r C-m~2), 4yTO 00Y-
CJIOBJIEHO KaK HEOOJIBIIMMU BEINIMHAMU MOTOKOB
B XOJIOOHBIN MEPUOM, TaK X TEM, UTO Pa3IMIus eIlle
He yCIIEBaIOT HAKOIIMThCSA. B KOHIIe MapTa—Ha4a-
JIe aTipelisl 9KOCUCTeMa CTAaHOBUTCSI HETTO-CTOKOM
CO, B pesynbraTe akKTUBU3aLUU (GOTOCUHTE3A, YTO
BBIpaxKaeTcsl B CHUXKeHUU KyMyJasaTuBHoro NEE.
IIpu 3TOM DO KOHIIA Mast TPACKTOPUM KyMYJISITUB-
Horo NEE pacnonararoTcsi nocTaTo4yHO OJIM3KO,
TO €CTh OTJIMYMS YIJIEPOIHOrO OajaHca B pa3HBIC
roabl Majbl. OJHAKO PacXOXIEHUE MEXIOJdOBBIX
TPAacKTOPUI HAYMHAET CYIIECTBEHHO BO3pacTaTh
¢ Havana uioHsg. B 2018 r., Kxorna 3amac XXUBBIX
JIepeBbeB OBLI paBHBIM CYMMapHOMY O0OBEMY CyXO-
CTOSI M BajiexkHUKa (cM. puc. 6), B mepuo ¢ 1 noHs
[0 KOHeIl CeHTAOps Obl1 oTMedeH cTtok CO,,
NpUYeM aKTHMBHEE BCEro yriepoi HaKaIlIdBaJCs
B MIOHE U nepBoil aekane utojs 2018 r. 1o Havana

JeHb oT Havaia roga

Puc. 10. Cyrounblit uncThiit 3KocucteMHblit 06MeH CO,. [puBeaeHbl CYTOUHBIE 3HAYEHUS] U MATUIHEBHOE CKOIb34lIee
cpennee. [TonoxuTenbHble 3Ha4€HUA COOTBETCTBYIOT UCTOYHMKY CO, B atMocdepy, oTpuliaTebHble — norouenuio CO,

9KOCHUCTEMOM.
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Puc. 11. KymynaTuBHbIHA (HAKOILIEHHBIN) YUCTHIA 3KocucTeMHbIA 00MeH CO, (NEE) B 3KocHcTeMe €10BOrO Jieca.

3aCyIUIMBOTO NIEPUOIa, KOTOPbI OOBIYHO HACTYyIa-
€T B TPEThEM KBapTaJe.

B 2021 r. o6beM BajiexkHUKa OBLT paBeH CyM-
MapHOMY O00beMY XKMBOM IPEBECHHBI U CYXOCTOSI
(cM. puc. 6). B 3acymnuBbIii mepuon ¢ 8 MIOHS
1o 8§ aBrycta KyMYyJSITUBHBIM IMOTOK MPAKTUISCKU
MOCTOsIHEH, TO ecTh Oamanc CO, ObuT OJIM30K K HY-
neBomy. Ilociie CHIIbHOI MIOIBCKOM 3aCyXH 3KO-
cHcTeMa OO0 KOHIIa 3TOr0 roja Iiepelnia B pexXum
ucrouynuka CO,.

B 2024 r. ocHOBHO#I 00BEM IpEeBECUHBI OBIT
npeacTaBieH BaJeKHMKOM, a MOJIOION MOIPOCT
M XMBOW HAIIOYBEHHBIN MOKPOB 00OecIIeunBaIn
crok CO, 10 Havajga Cyxoro rnepuoja B MEPBBIX
yucnax asrycra. B atom romy crok CO, ormevascs
B IIEPUOJI C Havajia aIpesist 110 KOHEIl UIoJIsI, YTO
Ha JBa Mecsilia MeHblie, yeM B 2018 r.

CorjlacHO TTOJIy4eHHBIM OllEeHKaM BeJIWYUHAa
HeTTo-06anaHca B 2024 r. cocTaBujia UCTOYHUK Be-
anunHo# +51 £ 122 1 C-M~2roa~!, 4TO MEHBbIIIE YeEM
B 2021 r., Korga JecHble 9KOCUCTEMBbI BIIEPBbIE CTa-
JIA HETTO-UCTOYHMKOM (+267 + 113 r C'M~2 rox').
Cokpamenne HeTTo-amMuccuu B 2024 1. B OCHOBHOM
CBSI3aHO C aKTUBHBIM POCTOM IIOAPOCTa U ITOAJIeCKa
MOocCJie Pe3KOro OCBETJIECHUSI BEPXHEIo sipyca ape-
BOCTOSI.

Takum obGpa3om, ucciaeayemMass 3KoCUCTeEMa
B 2024 1. ipeacTaBiisijia cOO0M BhIpaXKeHHBIN HET-
To-uctoyHMK CO, i aTMochepbl. DTO COOTBET-
CTBYET TOMY, UTO B 3TOM T'O/ly BCSI 30Ha OXBaTa Ipei-
cTaBJjisyia COOOM MOJTHOCTBIO MOTUOIIUI APpeBOCTOM
€U C MpeoOalaHUEM 3aIlacoB BaJieXXHUKaA Hal
cyxocToeM. Eciu mpoBecTn cpaBHEHUE C CUTyall-
eli, KoTopast ObLjIa OIMCaHa Ha TOil Xe TEPPUTOPUN
B 2010—2011 rr. (Karelin et al., 2021), xorna ee
MOBCEMECTHO IMpeobyaman XXUBOU APEeBOCTOM, TO
B 9TOT MEePUO y4acTOK (byHKIIMOHMPOBAJI KaK 3Ha-
unTesIbHbIi HeTTo-cToK CO, (=300 1 C-M~2 rox™),

KOTOPBIA B MOCJIENYIONIME TOAbl AEMOHCTPUPOBA
TeHACHIIMIO K CHUXXEHMIO II0 MEpe OTMHUpPaHU
eneit (2018: —65 + 177 r C-M~2 rox~'). I1pu aTom
YPOBEHb AbIXaHMsI IOYBBI COCTABJISLI TOTAA 3aMETHO
MEHBIIYIO BeIM4IuHy (+625), Kak 1 o01Iuil BKIaa
3MUCCHUU OT cyxocTos U BasiexkxHuka (+190) (Karelin
etal., 2021).

OLIEHKM YUCTOTO 9KOCHCTEMHOIO OOMEeHa, MoJIy-
YeHHbBIE Ha 9KOJIOTO-KJIIMMaTH4YeCcKoM cTanmu “Jlor
TaexHbIl”, coracyloTcs ¢ OIyOJIMKOBAaHHBIMU UC-
cJIeIOBaHUSIMU JieCHBIX 3KocucTeM Poccum (Kypu-
yeBa u 1p., 2023) u gpyrux pernoHoB Mupa (Rebane
et al., 2019; Virkkala et al., 2022). BoablnHCTBO
ucciaegosaHuii NEE jecHbIX 3KOocUCTeM MOcCIe
HapyIICHWI, OCHOBAaHHBLIX Ha METOIE BUXPEBON
KOBapualliu, MOCBSIIIEHBl OLIEHKE IMOCIeACTBUMI
JIECHBIX ITOXXApPOB U CIUIOIIHBIX pyOooK (ObueB
u 1ap., 2017; Mamkin et al., 2016; Rebane et al.,
2019), a olieHKe BO3IEMCTBMS YChIXaHUsS U pacmnana
npeBoctoeB Ha NEE yaensiercst MeHbllle BHUMaHUSI.
Ilocne HapyleHU JIECHBIE SKOCUCTEMBI CTAHOBSIT-
sl HETTO-UCTOYHUKOM CO, B TeUEHME HECKOJIBKUX
JieT nocie HapyiieHus. Hampumep, B eIbHUKax
[IBeunn, mopaXXeHHBIX KOPOSOOM-TUIIOTpadoM,
NEE cocransn +80...+150 r C-m~2rox ! (Virkkala
et al., 2022). B Kanazge moce moxapoB 3KOCHCTe-
MBI ocTaloTcs HeTTo-uctouHnkom CO, 1o 20 ser
(Bond-Lamberty et al., 2020). CriycTs roabl jec
BOCCTAaHABJIMBAET CBOIO IIOTJIOMIAIOIIYIO CIIOCO0-
HOCTb. BpeMms1, Heobxoaumoe JIJ1sl BOCCTAHOBJICHUS,
3aBHCUT OT MHTEHCUBHOCTYU HapyIIeHUI 1 BHEIII-
HUX ycioBuii. Tak Imocie moxXapHbIX HapyIIeHU
3HayeHue NEE necHoil sKocucTeMbl MOXET TOCTU-
raTh OTPUIATEIBHBIX 3HAUCHU B TeueHne S50 yeT,
nocJje CIUIOIIHBIX py0oK — 20 JieT, mocjie BCIIbIIIEK
YUCIEHHOCTU HAaCeKOMBIX-(pUTOGAaroB u rubdean
apeBoctos — 5 net (Rebane et al., 2019). Oxuna-
eTcd, 4To JiecHble 3kocucteMbl “Jlora TaexHoro”
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BOCCTAHOBSITCS IO COCTOSTHUSI HETTO-TOTJIOTUTES
CO, B GiMXKaiIMe IeCATUIETUS B CBA3M C XOPOLIEH
COXPaHHOCTBIO MOJIPOCTA U MOAJIECKA ITOCIe paciia-
Jla PEBOCTOEB.

SAKJIIOYEHHUE

B 2024 r. moromHBIE YCIAOBUS OTIWYAIUCH
OT MOCJIeMHEeN KIMMaTUIECKON HOPMBI, IO ObLIT
CYIIECTBEHHO TeIlIee M HECKOJIBKO CYIIIE, YTO B Iie-
JIOM TIPOJOJIKIIIO TCHASCHIINIO TTOCIEeTHUX 4-X JIeT.
[Ipu 3TOM, XOTS IBIXaHWE ITOYBBI IO CPABHEHUIO
¢ 2023 r. HECKOJIbKO CHM3MJIOCh, TEM HE MeHee,
TeHISHIINS TTOCIeIHNX YeThIpeX JeT Ha eT0 MOBbI-
ureHue coxpanunach. Ilokasarenu smuccuu CO,,
CBsI3aHHBIE C CYXOCTOEM, TaKKe HECKOJBLKO BO3-
pOCY WIM MaJlo U3MEHWINCH 3a MocjienHue 4 roaa.
3a Bech Haubosiee obecrieYeHHBIM HAaOII0AeHUSIMU
nepuon (2014—2024), TeM He MeHee, coOXpaHseTcs
TPEH]I B CTOPOHY HEOOJIBIIIOTO CHIKEHUSI CKOPOCTHU
smuccuu. B 2024 r. na reppuropun “Jlora TaexHo-
T0” OTCYTCTBOBAJIM XXUBBIE €] B COCTaBE APEBOCTOS
(aro 6bLT0 3ahuKcupoBaHo eile B 2023 1.), a TaKXKe
MIPOILIX MacCOBBIE BETPOJIOMBI, B Pe3yJIbTaTe KOTO-
PBIX OCTaJIMCh ITHU BLICOTOH He Oojiee 5 M. B Texy-
IIeM COCTOSTHMY 3KOCHCTeMa IPEACTaBIIsIeT CO00it
CUJIbHO BbIpaXeHHBIH romosoit ucrtoynuk CO,
1711 aTMocephbl, KOTOPHIN ITOYTH HEJIUKOM OIIpe-
JeJIsieTcsl MaKCMMaJIbHBIMU 3aracaMy BaJleXKHUKaA
M OCTaTKOB CYXOCTO$I, a TAKKE€ AbIXaHNWEM TTOYBEI.

Kak moka3spIBaloT Hallld OLICHKU B IlepecueTe
Ha eJVHUIY IJIOLIAAU, C UCIIOJb30BaHMEM Ha-
KOIUIEHHBIX JaHHBIX 110 smuccun CO, U3 MOYBHI,
OT CYXOCTOSI M BaJicXKHMKA, B HACTOSIIMI TIEPHOLI
(2024 r.) TOTOK 3KOCHUCTEMHOTO IBIXaHUS M3 BCEX
MEPEeUYNCICHHBIX Pe3epPBYapoOB ¢ yYeTOM AOIOJ-
HUTEJIbHBIX UCTOYHUKOB Ha 95.5%, T.e. mouTu
BABOE, IPEBHIIIAET aHAJOTMYHBII ITOKa3aTellb
HayvaJia HaOJII0JeHUI Ha 9KOJIOTO-KINMATUYECKOM
cranuuu B 2009 r. (900 < 1760 v C-M~2 ron™'),
MIpU 3TOM OCHOBHYIO YacTh IIPUPOCTa COCTABIISIET
B HacTosllee BpeMsI BMUCCHS OT BaJieXXHMHKa
(54.5%), Ha BTOPOM MeCTE 3MUCCUS OT CYXOCTOS
M CBSI3aHHBIX C HUM JOTIOJTHUTEIbHBIX HCTOUYHUKOB
(32.9%), n nuip HA MOCAEeIHEM MECTe MPUPOCT
OT ycuJieHUs nbixaHus mouBsl (12.6%). Ilpu aToM,
B 2024 1. Ha OCHOBAaHMU JaHHBIX 110 9KOCUCTEMHO-
MY ABIXaHUIO M HETTO-0aJlaHCy yIjepoja MOXHO
C JOCTATOYHO BHICOKOM CTEIIEHBIO TOBEPUS OLICHUTD
BKJIaJ IPOIYKIMU SIpyca MOApPOCTa M IOajiecKa
(—=1535 1 C-M~? roa!'), MOCKOIBKY KMBBIX 1€pPEBLEB
IePBOro sipyca APEeBOCTOSI HA YYaCTKE HE OCTaJIO0Ch.

HabnonaeMoe B HacTodllee BpeMsS COCTOSI-
HUE U3y4YaceMOU JIECHOM 3KOCUCTEMBI, CTaBIIECW
ycToinuuBbIM ncTouHrkoM CO, s aTMochepsl,
SIBJISIETCS TIPSIMBIM CJIEACTBUEM IMOJIHOW THUOeaun
JIIPEBOCTOSA, POUBOILIEAINENA B PE3YJIbTATE YCUIIU-
Balollerocs 3a rociuennue 15—16 jer morernieHus,

COITPOBOXIAIOIIETOCS ITEPUOINIECKIMU 3aCyXaMu,
U CBSI3aHHBIX C HUMU BTOPUYHBIX T€CTPYKTUBHBIX
¢akTOpOB (BCIBIIIKNA YMCICHHOCTH HACEKOMBIX-
dutodaroB u KCUJIOTpOopHBIX TPUOOB, TUOEH
JePEeBbEB, MAacCOBBIE BeTpOJOMbI). [Ipu aTOM MO-
BBIIIIEHUE TEMIIEPATyphl, BEPOSITHEE BCErO, HE OKa-
3aJI0 CYIIECTBEHHOI'O BJIMSHMS Ha 3TOT MpoIece
B KadyecTBe MpsiMoro ¢paktopa. DTO MOXHO KOHCTA-
THPOBaTh, KaK B OTHOIIIEHUU aHOMAJIbHO TEILIOTO
2024 r., Tak 1 Bcero HauboJiee TEIJIOro rnepuoiaa
Hamwmx HabmoneHuit (2020—2024 rr.).

OUHAHCHUPOBAHUE

PabGora BeImoJIHEHA B paMKax TeMbl 3.3 Hayu-
HO-MCCJIeOBATEbCKUX, TEXHOJIOTUYECKUX pabOT
HNY Pocrugpomera “Pa3Butue MeTOI0B U TEXHO-
JIOTUI pacYeTHOIO MOHUTOPUHIA aHTPOMOT€HHBIX
BBIOPOCOB U abCOPOLIMU MOTJOTUTEISIMU TTApHU-
KOBBIX Ta30B M KOPOTKOXMBYIIMX KINMMaTH4e-
CKM-aKTMBHBIX BEIIECTB”, a TakKXKe I10 IMporpaMmMe
BaxHeiiiero "HHOBALIMOHHOTO IIPOeKTa rocyaap-
CTBEHHOTO 3Ha4YeHMS “Pa3paboTka cCTeMBI Ha3eM-
HOTO M AUCTaHIIMOHHOTO MOHUTOPUHTA ITYJI0B yIje-
poIa ¥ MOTOKOB MapHUKOBEIX T'A30B HAa TEPPUTOPUU
Poccuiickoit @enepaiinm, odbecrieyeHme co3aaHus
CHCTEMBbI yueTa MaHHbIX O ITOTOKaX KIMMaTUYECKU
AKTUBHBIX BEIIeCTB U OIOIKETe yriepona B Jiecax
U IPYIMX Ha3eMHBIX 9KOJOTMYECKUX cucTeMax’
(per. Ne 123030300031-6). I.B. KapenuH BbI-
MOJIHSII aHAIUTUIECKYI0 paboTy B paMKax TEeMBI
T'ocymapcTBeHHOro 3amaHusI UHCTUTYTA Teorpadun
PAH (FMWS-2024-0010). A.I'. 3aM0J10141KOB
NPOBOAWJI aHAJIU3 JaHHBIX B pamMKax TeMbl LIDITJI
PAH (124013000750-1).
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The article presents the results of long-term monitoring of net ecosystem exchange and carbon dioxide
emissions from soil and dead wood in a forest ecosystem undergoing drying and spruce stand dieback at
the footprint of the “Log Tayozhny” eco-climatic field station (Valdai National Park, Novgorod oblast,
Russia). The death and decay of overmature even-aged spruce stands caused by periodic droughts, the
impact of bark beetle and wood-destroying fungi, and windfalls result in reduction of primary production
and increase of the respiration component of the CO, balance and its long-term shift to the region of a
pronounced carbon source for the atmosphere, whereas the direct impact of rising temperatures does not

lead to such an effect.
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