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[MpencraBiieHbl pe3yabTaThl U3MepeHuit MetogoM MK-criekTpocKornuy nmpu3eMHbIX KOHLIEHTpaluii U 00-
1LIeTO COMEPKaHUs YIJIEKMCIIOTO raza u MeraHa B armoccdepe neHtpanbHoit yactu ETP Ha cT. OOGHUHCK.
[MpuBeneHo onucaHue KomIuiekca arnmnaparypbl MP-32/MTI'C njiss MOHUTOpPUHTA ra30BOT0O COCTaBa aTMO-
chepnl. [TpoaHaMM3UPOBAHBI MEXKTOMOBBIC M CE30HHBIC BApUAIIMU W TPEHIBI TTPU3EMHBIX KOHIICHTPALIVIA
CO, u CH, 3a 1998—2021 rr. 1 ob1uero coaepxanus 3a 2015—2021 rr. [To pe3ynbrataM Kpocc-KOppessiim-
OHHOTO BeiiBJIeTHOTO aHaiM3a (ha3a TOMOBBIX BapHallMili CPEeqHUX MO BeICOTe KoHLIeHTpanuit CH, omepe-
kaeT a3y Mpu3eMHBIX Bapyualvii Ha 2—3 Mecsila, a BapuallMy CpeHUX o BbicoTe KoHLeHTpauuii CO, oT-
CTaloT 110 (ha3e OT FOJOBBIX BapUalldil MPU3EMHBIX 3HaUeHU I Ha 1 —2 Mecsiiia. MUHUMAaJbHbIC TIPU3eMHBIC
KOHIICHTpallMM MEeTaHa B Mae-aBryCTe COBITaalOT CO CPEMHMMM KOHLIEHTPALIMSIMU B TOJIIIE aTMOCHEPHI, a ISt
VIJIEKMCIIOTO Ta3a B 3TOT Xe repuo oHU Hike Ha 20—30 ppm. B 3uMHUME Mecs1bl MUHMMAaJTbHBIE TIPU3eMHBIC
KOHLIEHTpALIMK METAHA U YIVIEKKCJIOTO Ta3a BhILIE CPEIHMX 10 BeIcoTe Ha 70—150 ppb 1 Ha 6—15 ppm cootBer-
CTBeHHO. Pe3ynbTaThl U3MepeHUI COMOCTABIIEHBI CO CIYTHUKOBHIMU maHHBIMU GOSAT 1 naHHBIMU Ha-
3eMHbIX EBporeiickux cTaHIIMIA.

KioueBble cjioBa: yrjIeKUCIBINM Ta3, MeTaH, IpU3eMHbIe KOHIIEHTpAallMK, CPEeIHUE IO BHICOTE KOHIIEHTPA-
LIMK, BEMBJIETHBIN aHAIU3, CE30HHbIC BapUallMi, TPEHIbI

DOI: 10.31857/50002351523020086, EDN: HPXCYM

1. BBEAEHHUE

Yrnekucneiii ra3z (CO,) u metran (CH,) saBnsiorcs
OCHOBHBIMM aTMOC(MEpHBIMHM Ta3aMM, BIUSIOIINMU
Ha n3MeHeHune KianMmaTa. PocT mrodaabHOIT KOHIIEH-
Tpalluu YIAeKUCIoro rada u merana B 1750—2019 rr.
cocraBun 47—49% u 156—162% COOTBETCTBEHHO,
MpH 3TOM BKJIAJ B YCUJICHME MAapHUKOBOTro 3ddeKkra
3a cuetr CO, u CH, ouenuBaercs B 60—80% [KoH-
nparteeB, Kpamusun, 2004; IPCC, 2021; WMO,
2021]. Cxuranme HCKOMNaeMoro TorjuBa (yroJjb,
MPUPOAHBINA Ta3 U HEPTh) SIBIISIETCS OCHOBHBIM (00-
nee 70%) MCTOYHUKOM YIJeKHUcaoro rasa. Jlpyrue
WCTOYHUKM — CKUTAHUE NEPEBbEB U IPYIUX OMOJIO-
TMYECKUX MaTECpHUAJIOB, IbIXaHUE XXKNBOTHBIX U YEJI0-
BeKa, a TakKKe pe3y/JbTaT OIpPeAcICHHBIX XUMUYE-
CKUX peakuuil (HampuMep, IpU IIPOU3BOACTBE 1Ie-
meHTa) [IPCC, 2021]. JIByoKHCH yIiepoaa ynaasaeTcs
13 aTMocdepbl B OCHOBHOM IPU ITOIJIOIIEHUN PacTe-
HUSIMU B paMKaX OMOJIOrMYeCcKOTO LIMKJa YIJiepoja.

ITomuMo HarpeBa Tporocdepsl, YBeJIUUSHUE COAeP-
KaHusi CO, MPUBOIUT K PaavallMOHHOMY OXJIaXKIe-
Huto crpatocdepnl [Konnmparee, Kparmmusun, 2004].
MerTaH sIBJIsIeTCSI BTOPBIM 10 BaXKHOCTH aHTPOITOTeH -
HBIM ITAPHUKOBBIM T'a30M IIOCJIE IBYOKHMCH yIIepoaa.
ITo ouenkam, npuBeneHHbIM B [IPCC, 2021; WMO,
2021], aHTpomoOreHHbIE MCTOYHMKM MeTaHa (IIpu-
MepHO 62%) CBsI3aHbBI C SKUBOTHOBOICTBOM U JIPYTH-
MU METOIAMM BEIICHUS CEJIbCKOIO X035iCTBa U pac-
MagoM OPraHUYEeCKMUX OTXOIOB Ha CBajIKaX OBITOBBIX
otxomoB. Okoiyio 30% BwImeIsIeTCS MPU TOOBIYE U
TPaHCIOPTUPOBKE YIJIsl, IPUPOIHOIO ra3a U HeTH.
3aboJioueHHbIE 3eMJIN SIBJISIIOTCSI OCHOBHBIM (OoJiee
80%) ecTecTBEeHHBIM MCTOYHMKOM MeTaHa. MeTaH
MMeeT 3HAYUTEIbHO 00jiee KOPOTKOE BpPEMs KU3HU,
yem CO, u, ciaenoBareabHO, CTAOUJIM3ALIMS WU CO-
kpaiiieHue BbiopocoB CH, B TeueHre HECKOJIbKUX Jie-
CSTUJIETUI TIPUBOAUT K CTaOUIM3ALMU WU YMEHb-
IMEHWIO €ro KOHIIEHTpaluu B atMocdepe. MeraH
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TaKXKe BaXKeH IS XUMUU Tporocdepsl U cTrpaTtocde-
pbl, peakiiuu CH, ¢ ruapokcuibHbIM pagukaiom OH
SIBJISTIOTCSI OCHOBHBIM CTOKOM MeTaHa [KoHapaTbes,
Kpamusna, 2004]. Ciaenyetr 3aMeTUTh, YTO IO TO-
cnenHuM onieHKaM NOAA B 2020—2021 rr. ObL1 3a-
¢dukcupoBaH peKopAHbIi modabHbIA pocT CO, u
CH, [NOAA, 2021].

OnHoli U3 aKTyaJIbHbIX 3a/1a4 COBPEMEHHOCTH S1B-
JISIETCSl Pa3BUTUE CETU PETY/SIPHBIX HAOIIONCHUI 3a
coaepxkaHWeM MTapHUKOBBIX ra3oB. B HacTosiiee Bpemsi
MOHUTOPUHI MPpU3eMHbIX KOoHUeHTpauuii CO, u CH,
OCYIIECTBJISIETCS] HAa CETU (POHOBBIX M PETMOHATBHBIX
craHuuii. Ha psine ctaHUuii TpOBOAUTCS MEPUOAU-
yecKuil 3a00p Mpob Bo3ayxa BO (BJIsTM U JajibHel-
LW aHaJu3 Ha CTallMOHApHBIX YCTAaHOBKAX C MC-
MOJIb30BAaHUEM TPELU3UOHHBIX KaauOPOBOUYHBIX
cMmeceii. Hapsny ¢ Metonom 3abopa npo0 UCIIOAb3Y-
IOTCSI TAaKXKe METO/Ibl HENTPEPhIBHBIX U3MEPEHU pa3-
JIMYHBIMU razoaHajiu3daTopamu. JlaHHbIe U3MEPEHUI
MPOXOASAT MPEABAPUTEIbHYIO DUIbTPALIMIO U TIOME-
LIAIOTCS B OTKPBITHIN TOCTYM C 3aAepKKou 1—2 roma
[Dlugokencky et al., 2021; WDCGG, 2021; ESRL,
2021]. BaxHyro nH¢popMalrio 0 Bapualusix o01ero
colepKaHUsI U CpedHeN Mo BbICOTE KOHIIEHTpaluu
MAapHUKOBBIX Tra30B IMO3BOJSIOT TIOJYYUTb WHTeE-
rpajbHble METOIbI, OCHOBAaHHbIE HA PETUCTPALIMU COJ-
HeyHoro wuaiaydyeHusi. CuctemMaTUyeckKue U3MEpPEeHMsI
O01IET0 coaepKaHMsI psifia aTMOC(EPHBIX ra30B MPUO0-
paMM BBICOKOTO CHEKTPaILHOTO pa3pelieHus (B oc-
HoBHoM Bruker IFS-125 HR) B Hacrosiee BpeMs
nposoaaTcsa Ha cranusgsx NDACC (Network for the
Detection of Atmospheric Composition Change) n
TCCON (Total Carbon Column Observation Network)
[Ostler et al., 2014, Buschmann et al., 2016]. B mocaen-
HUE TOIIBI IJIs1 HAOMIOASCHMI 3a OOLIUM coAep>KaHUEM
CO, u CH, Ha cetu ctanuuit COCCON (COllabora-
tive Carbon Column Observing Network) Hauamu
MPUMEHSIThCS TTopTaTUBHBIE Dypbe-CHEKTPOMETPHI
Bruker EM27/SUN [Frey et al., 2019]. B Poccuu
CMEKTPOCKOIIMYECKUE U3MEPEHUST ODIIIETO coaepKa-
HUS psiaa aTMOC(HEPHBIX ra30B ObLIN HavyaThl B 1960—
1980 rr. B ImaBHOi1 reodursnyeckoii odbcepBaTopruu
(I'TO) [IHamxkoB u ap., 1985], Cankr-IleTepOypr-
CKOM TOCylIapCTBEHHOM YyHUBepcuteTe [MupoHeH-
KOB U Ap., 1996], UucTuTyTe Drsnku atMocdepbl
(Mocksa) [[IuanoB—KiokoB, FOpranos,1982], NUH-
ctutyte ontuku atmocdepnl (Tomck) [KabanoB m
CakepuH, 1995].

IToneBoii cneKTpOMETPpUYECKU KOMILIEKC U eTo
Moaudukamnuu [ApedseB u ap., 1978; ApedweB u np.,
1995] ¢ 1980 r. npuMeHsiiuch B MHCTUTYTE 3KCIIepu-
MeHTaJIbHOM MeTeoposioruu (OOHMHCK) TSI U3Mepe-
HU OOIIEro comep:kKaHWs aTMOC(EpHBIX Ta3oB B
Kuprunzumn (ct. Uccrik-Kynn), Autapkrune (ct. Ho-
BOJIa3apeBcKasi) 1 Ip. Mectax [ApedneB u ap., 2010]. B
1998 r. Ha ctaHuuy OOHUHCK OBUIM HAYaThl PETyJIsip-
HBIE U3MEPEHUST KOHIIEHTPAIIMK JUOKCHUIA YIJIepoIa 1
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MeTaHa B Mpu3eMHOM Bo3ayxe [Baranov et al., 2000]. C
2015 r. B HITO “TaitpyH” BBeIeH B 9KCIUTyaTaIIIO Ta-
3o0aHaIMTUYeCKUii Komruiekec MP-32/MI'C, u HagaThl
peryJsipHble U3MEPEHUST MeTaHa, YIJICKKUCIIOro Tra3a,
3akucu azora (N,O) u okucu yriepona (CO) B npo-
0Oax IMpU3EeMHOTO BO3IyXa, a TakKKe obllee coaepKa-
HHUE B CTOJIOE aTMOC(pephl TepeyrcIeHHBIX KOMIIO-
HEHTOB, BKJIlOYasl IOMOJHUTEIbHO BOISIHONW map
(H,0O) u o30H (O;) [Visheratin et al., 2021].

B HacTosieii craThbe NpeacTaBieHO OIMCaHUE
KOMIUIEKCa aniapaTyphbl Ijis MOHUTOPUHIA Ta30BOTO
coctaBa atmMochepsl MP-32/MI'C, a TakKe pe3yib-
TaThl U3MEPEHNI IPU3EMHBIX KOHILIECHTpALNi TUOK-
cuna ymiepona u MetaHa B 1998—2021 rr. Boiee mo-
JIpOOHO, C WCIOJIb30BAHUEM KPOCC-KOPPEISIIMOH-
HOTO BEWBIIETHOTO AaHajlM3a W JAPYIMX METOIOB,
paccMOTpeHbI Ce30HHAsI U JOJITOBPEMEHHAsI U3MEHYM -
BOCTh M B3aMMOCBSI3b MEXIY IMPU3EMHBIMU U CPETHU-
MM B TOJIILIE aTMOC(epbl KOHLIEHTPALUSIMHU YTIIEKUCIO-
ro raza 1 MetaHa B riepuon ¢ 2015 o 2021 rr.

2. ATITTAPATYPA U METOIKA
MN3MEPEHUU

2.1. Cnexmpomempuueckuii komnaexkc MP-32/MIC

OO1umit Bua KomIuiekca anmaparypsl MP-32/MI'C
rnmokaszaH Ha puc. 1. Komruiekc npenHasHavyeH st
MOHUTOPUHIA BapyalMii MajbIX ra30BbIX COCTABJISI-
ouux (MI'C) atMochepbl U UCIONb3yeTC B IBYX
pexXmMax:

— PEXHMM PETHCTPALlMU CIIEKTPOB MPOITYCKAHMS
MMpo6aMu BO34yXa B ONTUYECKOM MHOTOXOIOBOM KIO-
BETE;

— pEXUM PErvucTpalvy CIIEKTPOB IOIIOIIECHUS
COJTHEYHOTO U3JTy4eHUsT aTMOChEPOid.

Hdna mepexoma OT pesknMa M3MepeHHMIT KOHIIEH-
TpaIii ra30B B IPU3EMHOM CJI0€ K U3MEPEHMSIM 00-
IIEro CoJepKaHUs Ta30B B CTOI0E aTMOCc(ephl N3Me-
HsIETCS MOJOXKEeHME TTOIBMXKHBIX 3epKaJl (8), pacno-
JIOXKeHHBIX BHyTpU Dypbe-cnekrpomerpa @PCM 2203
(pa3paboTtka OO0 “UHdppacnex”, [Infraspek, 2021]).
CrieKTpaJIbHbII JUana3oH KaHajla perucTpaluu mpo-
LIEQIIETO Yepe3 KIoBeTy nanyueHns 1700—5000 cm—!,
KaHaJla peruCcTpalny COJTHEYHOTO m3ydeHuss 800—
7700 cM~!, MakcuMaIbHasA pa3HOCTb XOa B UHTEp(de-
pomerpe 41 mM, anommsanusi HoproH-bup cia6as.
CnexrpanbHast IIMPUHA MHCTPYMEHTATLHOTO KOHTYpa
Ha ypoBHe 50% Bbicotsl 0.12—0.15 cM~!, mpenen nory-
CTUMOM ITOTPEITHOCTU M3MEPEHUM MHTEHCUBHOCTH
COJTHEYHOTO M3JIy4eHHSI W U3IYICHUST UCKYCCTBEH-
HOTO UCTOYHMKA (r1obap) He 6omee 3.0%.

MHoroxogoBas ontudeckas KioBera (KI'40) [In-
fraspek, 2021] obGecrieunBaeT norydeHHE MOIIOIIAI0-
X cjioeB ra3a toamuHoi 1o 40 M. TexHoyornye-
cKasl cucTeMa OCyIIeCTBIISIET BAKyyMUPOBaHUE U 3a-
MOJIHEHNE KIOBETHI BO3IYXOM OT MPOOOOTOOPHMKA,
Ne 2
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Puc. 1. Biok-cxema komruiekca MP-32/MTI'C u ero o6muii Bun. I — criekrpometp @CM 2203, 2 — kioBeta KI'40, 3 — conH-
necaensmast cucrema CCC-KI'MA-C, 4 — ynpaBIISIIOIIMii KOMITBIOTED, 5 — CUCTeMa OTKAYKH1 U 3aTTIOJTHEHUST KIOBETHI, 6 — TJIO-

0ap, 7 — MPpUEMHUKU U3TydeHus, § — IepemelaeMble 3epKaa.

pacmnoj0XeHHOro Ha BHICOTE 8 M OT 3¢MHOIi OBEPX-
HocTu. B ciayyae m3amepeHuit ob1ero cogepkaHusl,
conmauecnengmas cucrema CCC-KI'MA-C, pacno-
JIO)KeHHasi Ha Kpblllle 3MaHUsI, CKAHUPYET MOJIOXKe-
Hue CoyHIIa 1 HAIIpaBIsSIeT BO BXOOHYIO alllepTypy
CIIEKTpOMETpPa ITOTOK COJHEYHOIO W3JIyYeHUs Iua-
metpoM 80 MM. CKOPOCTh IIPOCTPAHCTBEHHOIO CKa-
HHUPOBAHMS 110 a3UMYTY U YIJIy MECTa B PeXHMe CJIe-
KeHus oT 0.25 10 2.5 yrioBbIX MUHYT/C. AGCOJTIOTHAS
MOrpPeIIHOCTh TOYHOTro HaBeaeHus Ha COJIHIIE U I10-
ciaenyloniero ciaexeHus 3a ComHlleM He GoJiee 2 yr-
JIOBBIX MUHYT. OTHO U3MEpEeHUEe 3aHUMAET 2.5 MUHY-
Thl, B TCUCHHE KOTOPBIX 3alUCHIBAETCS OIHA CITeK-
TporpamMMa COJIHEUHOTO U3JIydeHUs.

2.2. Memoouka onpedenenus
NPU3EMHbBIX KOHUEHMPAayuil

MeTonrka U3MepPEeHUl MPU3EMHBIX KOHLIEHTpPA-
LUl YIIEKUCIIOro ra3a u MeTaHa B Irepuos ¢ 1998 1o
2014 rr. mpuBeneHa B pabotax [Baranov et al., 2000;
ApedneB u ap., 2004; Kashin, 2013]. Konnenrpauum
CH, u CO, B npob6ax Bo3ayxa onpeaeiasuiuch no MK-
CHEeKTpaM TOIJIOIICHUSI, TIOJyYeHHBIM C ITOMOIIBIO
®dyppe-cnekrpoMeTpoB  Perkin-Elmer 1720 wnu
Bruker IFS-113V. PazpaboTtaHHasi U U3rOTOBJIEHHAs B
HITO “TaiicdyH” KioBeTa obecrieurBaa Mnoriouiamo-
it ciroit 30 M ripu 6a3oBoii gyuHe 1 M. J1j1s1 onipeae-
smeHust koHneHTpauuit CO, MCTONB30BAJICA CIEK-
TpanbHblil uHTepBan 2220—2280, ais CH, — unTep-

Banm 2940-3110 cm~!. Tlpm cucTeMaTUYECKOM
MOTPELIHOCT MeHee 2% ciaydaiiHasl ITOrpelIHOCTb
cocrasJisiia 30 ppb st CH, u 2 ppm a1 CO,.

Mertoauka M3MEPEHUN MNPU3EMHBIX KOHIIEH-
Tpalluil YTJIEKUCIIOTO Ta3a U MeTaHa KOMIIJIEKCOM
MP-32/MI'C B OCHOBHOM aHaJOTMYHA HCIIOJIb30-
BaHHOI1 paHee [Baranov et al., 2000; ApedneB u ap.,
2004;Kashin, 2013]. IIponyckanne pacCUMTHIBACTCS
KaK OTHOIIIEHWE CITeKTpa WHTCHCUBHOCTU H3JIyde-
HUS, TIPOIIEAIIETO Yepe3 KIOBETY C IMOTIOMIAIOIINM
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citoeM 40 M, K yCpelTHEHHOMY CIIEKTPY MHTE€HCHUBHO-
CTH U3JIy4YeHUsI, MPOLIEIIeTO Yepe3 BAKYyMUPOBaH-
HYIO KIOBETY JI0 1 Tociie 3abopa mpoobl. OcTaTouHOe
JlaBJieHWe B BaKyyMUPOBaHHOI KIOBETE COCTAaBJISIET
meHee 0.5 M6. OMTHOBPEMEHHO PETUCTPUPYETCS TEM-
nepaTtypa BHYTPU M BHE KIOBeThl. OOUH UK U3Me-
peHUii cocTaBisieT 0KoJo 20 MUHYT.

Pa3paboraHHbIe paHee MporpaMMBbl aallTUPOBa-
HbI IPUMEHUTENBHO K CHEKTPAIbHOMY Pa3pelieHnIo
1 mary criekrporpaMmbl @CM 2203, yTOYHEHHI Ta-
paMeTphbl arnmnapaTHoilt (yHKIUU, cAelaHbl OLIEHKU
PEaJIbHOTO CIIEKTPAJIbHOTO pa3pelleHus] U KayecTBa
nHTepdeporpamm. Paboune crieKTpaibHbIE UHTEP-
BaJibl BHIOpaHbI HA OCHOBE aHaJIM3a I0JIOC MOTIJIolIe-
Hust CO, u CH,. OCHOBHBIE KPUTEPUU — CTENEHD Ie-
PEeKpBLIBaHUS JMHUM TIOIIOLIEHUS OIpeaesieMblX U
MeIIaIIKUX Fa30B MPU MaKCUMaIbHO BO3MOXHbIX Ba-
pUaLIMSIX KOHLIEHTpaILMil U3MepsieMbIX Ta30B U IJIUHE
ornrtuyeckoro mmyTu 40 M. s uamepenuii CO, BoIOpa-

HbI MUKPOOKHA 2217.3—2234.5 1 2242.2—-2249.1 cm~',
a urst usmepennit CH, ncnonb3oBainch MUKpOOKHA
2946.93—2949.28; 2956.81—2959.52; 2967.48—2970.07,
3014.37—3020.15; 3037.69—3039.38; 3054.44—3058.84;
3075.59-3078.79;  3085.00—3087.83;  3103.62—
3105.49 cm~!. KoHLEHTpaLKUsI OCHOBHOTO MELIAIO-
mero raza (H,O) onpenensiercst B muHTepBasiax 2965—
2967 u 3024—3028 cM~! 1 MCIIONB3yeTCs B KAYECTBE
TIEPBOTO MIPUOIIMKEHUS TP pacdeTe KOHIIEHTpaIni
CO, u CH,. CtaHgapTHO€ OTKJIOHEHUE U3MEPEHHO-
TO CITEKTpa OT PACCIYMTAHHOTO TT0 TTapaMeTpaM CITeK-
tpanbHbIX JUHUIT HITRAN 2012 [Rothman, 2013]
MUHUMU3UPOBAJIOCH MOMNEPEMEHHBIM BapbUPOBaHM-
eM KoHueHTpauuii CO,, CH, u BoasgHoro napa. Benu-
YUHBI X KOHLEHTPALWIA, MOJydeHHbIE MPY HAUIY4-
IIEM COIIAaCUM 3KCIIEPUMEHTAIBHOTO M PaCYeTHOIO
CIIEKTPOB, TIPUHUMAJIHCH 3a Pe3y/IbTaT U3MEPEHUSI.

Jas1 OLIEHKM CHUCTeMAaTWYEeCKMX HOrPEIIHOCTEN
TIPOBEIEH PSII KATMOPOBOYHBIX M3MEPEHWI KOHIICH-
Tpaluii Ta30B B MHOTOXOJIOBOI KioBeTe. 11 3TOTO
WCITOIb30BAJIMCH OAJNIOHBI CO CTAHIAPTHLIMU CMECS -
Ne 2
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Puc. 2. Bapuanmu npuzeMHBIX KOHIIEHTPAIWI yIJIeKUCIoro rada u MeraHa 9—12 asrycra 2021 r. / — Picarro G2311-f, 2 —

MP-32/MTIC.

mu OI'YIT BHUMWM umMm. MeHneneeBa ¢ IIOTPELIHO-
cThio oTHoueHust cmecu CO, 3—4%, CH, 4—5%.
B xon1ie 2018 r. 6bL1a TIpoBeIeHa MoBepKa 3TUX OaJl-
JIOHOB B JIabopaTopru MOHUTOPHHTA MaJIbIX FTAa30BbIX
kKomnoHeHT atMocdepsl ITO um A.M. BoeiikoBa,
YTO TTO3BOJIMJIO CHU3UTh MOTPEITHOCTh KAJIMOPOBOU-
HbIX cMmeceit 1o 0.02%. B 2021 r. GbL1M pOBEIEeHbI
coBMecTHble usdmepenus CO, u CH, B npuzemMHOM
citoe atmocdepsnl mpudopamu MP-32/MI'C u Picarro
G2311-f. Ipunuun geiicteus Picarro G2311-f ocHo-
BaH Ha Metone CRDS (cavity ring-down spectrosco-
pPY) € UCIIOJIb30BaHUEM MOJYIIpoBogHUKoBoro MK
Jlazepa 1 ra30BOM KIOBETHI C 3(pGhHEeKTUBHON IITMHOM
nyTtu Jiydeii 6ojiee kusmoMmerpa [Chen et al., 2010]. Pe-
3yJIBTAThl COTIOCTaBJIEHUS B KAYeCTBE ITpHUMepa IMpuBe-
JIeHbI Ha puc. 2 1js1 nepuoaa ¢ 9 no 12 aBrycra 2021 1.
PacxoxneHue Mexay COBIaIalolIMMU MO BpEeMEHU
m3Mmepenussmu MP-32/MI'C u Picarro G2311-f me-
Hee 40 ppb na CH, u menee 2 ppm 151 CO,.

Mo pesynbrataM W3MepeHU KaTMOPOBOYHBIX
cMecell crucTeMaTuvecKasi TIOTPeIIHOCTh OTpeesie-
Hus CH, cocraBnser menee 2%, a CO, menee 1%.
OCHOBHOIf BKJIaJl B CUCTEMATUUECKYIO MOTPEITHOCTh
BHOCUT TemmepaTypHbiii apeiid. CiydaifHasg T110-
IPEITHOCTH OIICHUBAJIACH MPY MOBTOPHBIX aHAIM3aX
OIHOM M TOM Xe KaaTnOpoBOYHOI cMecu U paBHa 1.5
1 0.5% st CH, u CO, COOTBETCTBEHHO.

2.3. Memoduka onpedenenus cpedHux
N0 éblcome KOHUEHMPAUUil

INpeaBapuTenbHBIil aHAINU3 CIEKTPOB COJTHEYHO-
ro M3JIy4YeHUs IMOKa3ajl, YTO Y3KHUE CIIeKTpajibHBIC

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

MHTEpBaJIbl B cpeiHel nH(bpakpacHoit 061acTu, uc-
nonb3dyeMbie Ha ctaHuusax NDACC [Ostler et al.,
2014; Buschmann et al., 2016], He BIOJHE MOAXOAAT
IJIsl OTpeAeseHUsT OOIIero coaep>XXaHusl ra3oB IIpU-
6opom MP-32/MI'C. D10 CBSI3aHO C TE€M, YTO CHEK-
TpajibHOE pa3peleHue crekrpoMerpa @CM 2203 3Ha-
YUTEIBLHO HITKE, 9eM y mpruoopos Bruker IFS-125. ITo-
3TOMY MOIJIOILIEHUE B LIEHTpax JMHUU OKa3bIBaeTCs
MEHBIIIUM, a U3-3a O0OoJblliell MOJYLIIUPUHBI JUHUA
MPOUCXOIUT TMEPeKpbiBaHUE C COCETHUMHU CIIeK-
TpaIbHBIMU JIMHUSAMU. [lo Mepe HaKoTmieHUsl daH-
HbIX U3Mepenuit MP-32/MTI'C B 2016—2018 rr. 66ut1
MPOBeNEeHbI CPAaBHUTEIbHbBIE pACUETHI OOIIIETO COAeP-
xaHusg CH, u CO, B pa3InyHbIX CIIEKTPaJIbHbBIX UH-
TepBasiax. [Ipyu BrIOOpe y3KUX CIEKTPaJbHBIX MH-
TepBajioB (MUKPOOKOH) OOIIIEi TIPOOIEMOI SIBIISIETCS
nepekpblBaHUE JIMHUI TTOMIOIEHUS ONIPeaesieMbIX
U MEIIAaIoNX ra30B, a TAKXKE BIMSHUE HA CTPYKTY-
Py CEKTPOB BOMISTHOTO Mapa, cofepKaHe KOTOPOTo
CYLIECTBEHHO MeHsieTcsl ¢ ce30HOoM. B Hacrtosieit
paboTe TIpUBEJICHbI PE3YIbTaThl BHIYUMCICHUN Cpell-
HUX 10 BbicoTe KoHueHTpauuit CH, u CO, mis mu-
POKUX CHIEKTPATTBHBIX MHTEPBaJIOB 5897—6145 1 6173—
6390 cMm~!, ucnomnbsyembix Ha ctaHumax TCCON [Os-
tler et al., 2014, Buschmann et al., 2016] u COCCON
[Frey et al., 2019]. OTu nHTEpBaJIbI SBJISIIOTCS pabOUM-
mu Takke msg Dypwe-crekrpomerpa TANSO-FTS,
Bxoasero B coctaB GOSAT (Greenhouse gases Ob-
serving SATellite) Ha GOpPTYy SIMOHCKOTO CIyTHMUKA
“Ibuki” [GOSAT, 2021].

Bmecte ¢ pasBuTHMEM OMCTAHIIMOHHBIX METOIOB
onpeneaeHNsT BEpTUKAJIBbHBIX POt 1 00IIIero co-
Jep>kaHusl aTMOC(EpPHBIX Ta30B IOJyYWIM Pa3BUTHE
Ne 2
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METOBI pelleHrsI OOpaTHBIX 3a1a4, pean30BaHHEIE B
takux nporpammax Kak SFIT, GFIT, PROFITY9 [Tu-
ModeeB, 2016]. st pacdeToB OOILETO COAEPKAHMS
ra3oB HaMH1 MCIOJIb30BaJICs CBOOOIHO pacHpocTpa-
HsieMmblii makeT mporpamMm SFIT4 V0.9.4.4 [SFIT4]. B
KayecTBe aTjaca CreKTpaJIbHbIX JIMHUMI ObLT UCTIOb-
3oBaH atinac HITRAN-2012 [Rothman et al., 2013],
anpuopHbIe CPEAHEIIUPOTHBIE MPOMUIN TeMmIiepa-
TYpPBI, JaBJICHUS U IpOdUIIcii ra30B 3aIMCTBOBAJINCh
n3 [WACCAM, 2013]. B wucnons3dyeMoii Bepcuu
SFIT4 npu pelieHur oOpaTHOM 3a0aun [J1s1 OIIpeac-
JIEHUSI OOIIero CoaepKaHUs YIJIeKMCIOro rasa Wuinu
MeTaHa BOCCTaHABJIMBAJICS BEPTUKAIbHBIN IIPOGUIb
9Tux ra3os (48 cioes, 0.02—120 kM) 1 B DaJIbHEHUIIIEM
MIPOBOAMIOCH CyMMUpoBaHue. MTepaTuBHas mpoiie-
Jypa IMpuOIMKEeHUsT 9KCIIEpUMEHTATbHBIX U pacueT-
HBIX 3HAYEHMI OCHOBaHa Ha ajroputMe JleBeHOep-
ra—MapxkBapara. Ilepexon ot o0llero coaepKaHus
rasa B cronoe armocdepnl (0c'A3, Moseky/cM?) K
€ro CpenHeil Mo BBICOTE MOJbHOM KOHLEHTpaLuu
(xI'’A3, ppm, ppb), oCyIIeCTBIISIIACH C YYETOM OOIIIETO
colepxkaHUsI BOASIHOTO T1apa, T.e. JaHHbIE U3MEPEHUIA
MePECYUTHIBAIMCH UIS1 “cyxoro” Bozmyxa. CpenHsisi 1o
BBICOTE MOJIbHAsI KOHLIEHTpaLus ra3a xI'A3 onpenesi-
eTcsl JeJleHreM oo1ero comepxkaHus raza ocl'A3 Ha
oOl1iiee coaepkaHue cyxoro Bo3ayxa Pce [ Buschmann
et al., 2016]:

xI'’A3 = ocI’A3/Pcs. (1)

Benuuuna Pcé HaXoOUTCSI KOHBEPTUPOBAHUEM TIPU-
3eMHOT0 JaBlicHUs P B o0lmee comep:KaHue CToa0a
BO3JIyXa NP1 M3BECTHOM BEJIMYMHE OOILEro coaepKa-
HUS BOJISIHOTO I1apa:

PcB = P/(my;,8) — (My,0/My; ) 0cH,0, ()

rae P — npuzemHoe nasieHue B [la,
M,;; — MOJIEKYJISIDHASI Macca cyxoro Bozayxa (28.96 X
x 1073 Na Kr/moJeKyna),

My,0 — MOJICKYJISIPHAsi Macca BOAsSHOTO mapa (18 X
x 1073 Na Kr/moJekyna),
ocH,O — obuiee conepxxaHue B cToyibe aTMochepbl
BOJSHOTO Iapa (MOJIEKYJI/CM?),
Na — yucno Asoranpo (6.022 x 10 mosnexysn/mMoib),
£ — YCKOpEHME CUIIBI TSKECTH B MECTE U3MEPEHUIA.
JJ1st BBIYMCIIEHW I OO1IEro coepKaHUsl BOASTHOTO
rapa ObL1 BBIOpaH nHTepBai 4680—4710 cM~!, comep-
Kaluid onuHOYHYo JuHuo H,O ¢ BOJIHOBBIM 4yHKcC-
oM 4699 cm~!. B pacuerax ocH,O y4uThiBanoch mo-
olleHue B “kpblibsx” nuHuii N,O u CH,, a moso-
KEeHMe LIEHTPa JUHUU MOIJIOLIEHUs] BOASHOIO mapa
KCIIONIb30BAJIOCh TakKXe JUISI  IIpedBapUTENIbHOMI
OLIECHK! BO3MOXHOTO CMEIIEHMS IIKaIbl BOJTHOBBIX

JUHUI criekTpoMeTtpa. Ilpm orpeneneHUn oOIIeTo
conepxanusi CO, B aHaIU3 BKJIIOYAJIUCh MEIIAIOIUe

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

BUIEPATHUH u np.

rasel CH, u H,O, a ipu Bhruncienusx CH, memato-
MU razamu sieistiuchk CO, u H,O. [lng mpumepa, Ha
puc. 3a npuBeneH aHeBHoi xon CO,, CH, u H,O misa
JTHEBHBIX 0e300JIa4HbIX YCIIOBUII B TeUeHUE 7 MIOJS
2021 1., a Ha prc. 30 TTOKa3aHbl U3MEPEHHBIE COTHEY -
HbI€ CHEKTPbl U Pa3HOCTh MEXAY M3MEPEHHBbIMU U
paccuMTaHHBIMU CIIEKTpaMM B moJjineHb. Ha puc. 3a
JIJISI BCEX FA30B 3aMETEH TPEHI, UCKJIIOYECHUE KOTOPOTO
JIaeT 3HAYCHUSI CTaHAAPTHBLIX OTKJIOHeHWM 1.1 ppm,
3.9 ppb u 0.03 r/cm? st xCO,, xCH, 1 ocH,0 coort-
BeTcTBeHHO. [lojlydeHHBIE OLIEHKU XapaKTepU3YIOT
cITy4aifHyI0 MMOTPEITHOCTh CPeAHE THEBHBIX BEJTUYMH.
AHaJIOTUYHbIE OLIEHKU [JIs1 APYTUX CE30HOB M3-3a
IMOTOAHBIX YCIOBUM OCHOBaHbI Ha 0O0Jiee KOPOTKMX
cepusIX UBMEPEHUI 1 B CpeIHEM JAI0T BEJIMYUHBI IO~
IPEITHOCTU CPpeTHEAHEBHBIX 3HAUSHU M 1151 YTJISKHC-
sioro rasa 0.7% (~3 ppm) u metana 1.6% (~30 ppb).

B pesynbrate paGotbl mporpammbl SFIT mas
KaXJIOTO W3MEPEHUSI BBIYUCISIIOTCS OTHOIIECHUE
curHayi/miyM (SNR) u uyumciio cremeHeil cBOOOIBI
(DOF). J1ns1 cnekTpoB, MpencTaBlIeHHbIX Ha puc. 30,
3HadyeHust SNR u DOF g CO, u CH, npumepHo
COOTBETCTBYIOT CPETHUM 3HAYECHUSIM B JIETHUN Te-
puon. OTHOIIIeHWe CUTHAJ/IITyM UCITBITBIBACT 3HA-
YUTEIHHYI0 U3MEHYNBOCTh W pacTeT B 3MMHEE Bpe-
M, 9TO CBSI3aHO C POCTOM OITHUYECKOTO IMyTH IIPpH
OOJBbIIMX 3€HUTHBIX yriaax. Bemuumubl (1/SNR)?
OOBIYHO HCITOJIB3YIOTCS JIS1 OLIEHKU CJIyYaiHOM Mo-
IPEIIHOCTU (M3MEPUTEIBHOIO IIyMa) eIMHUYHOTO
n3MmepeHus [Takeda et al., 2021]. Hnsa 3HayeHMit
SNR u3 puc. 36 pacueT ciydaiiHOM OIIMOKU eou-
HUYHOTO M3MepeHUs maeT BennduHbl 1.1% nina CO,
u 1.9% nna CH,. CucreMaTdecKre OIMMOKU, CBSI-
3aHHBIE C HETOYHOCTSIMM CITEKTPOCKOIMMYECKUX Ta-
pametpoB, coctasisior wist CO, 2.9% (~12 ppm) u
mnsgs CH, 6.6% (~125 ppb). s pacdeToB cuctema-
THIECKMX OIMMOOK OBUTM B3SITHl MaKCHUMalbHBIE
3HAYCHUS MTOTPEITHOCTEM MHTEHCUBHOCTEM 1 TIOTY-
mupuH JuHUi 13 [Rothman et al., 2013].

3. PESVJIBTATBI 1 OBCYXIEHHUE

3.1. Konyeumpayuu CH, u CO, 8 npuzemHom caoe
6 1998—2021 ee.

s pacniosnioxeHHoid B ueHtpe ETP ct. “O6-
HUHCK” OOIlei TeHAEHIIME SIBISIETCSI POCT IapHU-
KOBBIX Ta30B B IPU3EMHOM CJI0€ C CE30HHBIMU MUHMU -
MYMaMH B JIETHUI ITIepUOJI 1 MAKCUMyMaMU — B 31UM-
Huii [ApedneB u ap. 2014; Apedwses u ap. 2015]. B
Te4eHUE CYyTOK MaKCUMyMbl KOHILIECHTpallMXd MeTaHa
M YIJIEKMCIIOTO ra3a HabJIlogaloTcs OOBIYHO B YTPEH-
HUe 4Jacbl. DPdeKT HAKOIUICHUsI YCUINBAETCSI B Te
JIIHHU, KOTAa B HOYHOE BPeMs CYTOK IIPU OTCYTCTBUH
KOHBEKTUBHBIX IIOTOKOB BO3Iyxa BO3HUKAET MHBEP-
CHOHHBIM TeMnepaTypHblii Cl0ii, YTO NPUBOAUT K
MOBBIIIEHHBIM KOHIIEHTPAIUSIM MeTaHa U YIIeKuC-
Ne 2
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Puc. 3. Pesynbratel uamepenuit 7 utwonst 2021 1. cpeqHux mno
ocH,O. (a) — BHYyTpUIHEBHOI! X0/, IPUBEAEHBI CPEAHUE 3a IEH

BbicoTe KoHUeHTpauuit XCO,, xXCH, 1 ob1ero comepxaHust
b (Mmean) 3HAaYEHUSI Y X CTaHIapTHOE oTKJIoOHeHue (std), (0) —

aTMochepHBIe COJTHEYHBIE CIIEKTPHI M PA3HOCTh MEXKIY M3MEPEHHBIMUA U PACCUUTAHHBIMU CIleKTpaMu. [IpUBeIeHbBI TaKXKe
CTaHIapTHBIC OTKJIOHEHUSI PA3HOCTU U3MEPEHHBIX M PACCUMTAHHBIX CITIEKTPOB, OTHOIIIeHHe curHau1/mryM (SNR) 1 yunciio cte-

neHeit ceooonsl (DOF).

JIOTO Taza U CYyTOYHOMY XOJy C MUHUMYMOM B THEB-
HOe BpeMms (CM. B KauyecTBe IpuMepa puc. 2). B mepu-
ol HaOJIONCHUIT MHOIJA pPErMCTPUPOBAIMCH aHO-
MaJbHO BbICOKME KOHUeHTpauuu CH,, oO6blMHO UM
COIYTCTBOBAJIM TaK:Ke MOBBIIIIEHHBIE KOHIICHTPALINK
CO, u npyrux usmepsieMbix KomnoHeHToB (CO, N,0),
YTO yKa3bIBaeT Ha MEPEHOC 3arPsI3HEHHBIX MACC BO3MIY-
Xa OT yIAJICHHBIX MICTOYHNKOB. Hanmpumep, B 2021 1.
3HAYUTEJIbHBIC KOHIEHTpauuu MeTaHa (2500—
4000 ppb), yrnekucaoro rasa (470—500 ppm) u oKu-
cu yraepona (6oiee 500 ppb) ormevanuce 15—19 sH-
Bapsi. PacueTbl 0OpaTHBIX TPAaeKTOPUL C MOMOIIBIO
monenu [HYSPLIT, 2021] moka3ajiu, 4TO BO3IYyII-
HBIE MAacChl B 3TOT IIEPUOA MPUILIM IIPEUMYIIIE-

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

CTBEHHO C CE€BE€PO-BOCTOYHOTIO HampaBJIEHUS, BO3-
MOXHO, U3 paitoHa MOCKBBHI.

JvHaMuKa MHOTroJIeTHEl M3MEHYMBOCTU Cpe-
HUX ronoBbix KoHUeHTpauuii CO, u CH, u ycpen-
HeHHBbIN 3a 1998—2021 rT. Ce30HHBIN XOa IMIPUBEACHBI
Ha puc. 4 ¢ OLIEHKOM CTaHJAPTHBIX OTKJIOHEHUI pe-
3yJbTaTOB U3MepeHn . HebonbIIoii OTpUIIaTeIbHBIA
tperan CH,, HabmonaBmmiics B 1998—2007 1r., B
JaJbHENIIIeM CMEHWICS ITOJOXKUTEIbHBIM TPEHIOM
(puc. 4a). Poct xoHueHTpanumn MetaHa mocie 2007 .,
XOTS U MUMEET perdoHalibHble 0coOeHHOCTU [Paku-
TaH 1 Op. 2017; Rakitin, et al., 2020], HO HOCHUT TJIO-
OanpHBIN xapakTep [WMO, 2021]. IIpuaunHsl, ipn-
BeIIlIMe K M3MEHEHMIO TpeHIa MeTaHa, B psiae padoT
Ne 2
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Puc. 4. Bapuatmu cpenHux ronosbsix 3HaueHnit CHy (a), CO, (B) B IpU3eMHOM clioe aTMOC(EPBI 1 CpeHUI ce30HHBII X0, (0, T).

1 — O6HUHCK, 2 — Xeruxarca.

OOBSICHSIIOTCS BIIMSTHUEM IJI00aIbHOTO MOTEIJIEHUS Ha
pPOCT 3MHMCCHMU MeTaHa Ha APKTUYECKOM KOHTHMHEH-
TaJIbBHOM IIeNibde, cM. Harpumep, [ Dlugokencky et al.,
2011]. HekoTopsie aBTOPHI CBS3LIBAIOT HAaYaBIIMIICS
B 2007 I. pOoCT MeTaHa C YBeJIMUYEHUEM TeMITOB JOObI-
yu ciaHueBoro rasza B CesepHoit AMepuke (¢ 2005 o
2015 rT. MPOM3BOACTBO CIIAHIICBOTO Ta3a BBIPOCIIO B
14 pa3, mogpo6Hee cMm. [Howarth, 2019]).

KoHueHTpalius yriekuciaoro raza 3a BpeMsi Ha-
OroAeHUI TakKe 3HAYUTEJIbHO BO3poca (puc. 4B).
VBeanuenue koHueHTpauuu CO, Ha cT. OOHMHCK B
npoueHTHOM oTHomeHun (0.65% B roa) B moiaTopa
pasa npeBocxoguT HabmomaBmuiicsa ¢ 2007 r. poct
CH, (0.42% B ron). lnst mpumepa, Ha puc. 4 Tipen-
CTaBJIeHBl TaKXe MaHHbIE CTAaHUMU MOHUTOPUHTA
MapHUKOBBIX Ta30B BeHrepckoii MeTeopojoruye-
ckoit cryxk6s1 HUN [ESRL, 2021]. Cranuus pac-
nojioxkeHa B 3amamHoi 4dactu CpemHemyHalCKoit
HU3MEHHOCTH BOJIM3M ceieHus XermxaTtcain (46.57° N,
16.38 °E) [Haszpra et al., 2019]. BeiGop 3T0# cTaH-
MU JIJISI COTIOCTaBJICHUSI OOYCJIOBJICH TEM, UTO AJlb-
bl Ha 3amnane u KaprmaTbl Ha BOCTOKE OTPEeAESIOT

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

JUIST 9TOI CTAHIIMM IPEUMYILECTBEHHO CEBEPHOE U
IOKHO€ HarpaBJIEHME BETPOB IIPU HEOOJIBIIIOM BJIHSI-
HUU MECTHBIX CEJIbCKOXO3SIMCTBEHHBIX UCTOYHUKOB.
Taxxe, kak 1 11 cT. OOHMHCK, MAKCMMAaJIbHBIC 3Ha-
YeHUs KOHIEHTpallM1 MeTaHa 1 YIJIeKMCJIOro ra3a Ha
cTaHLMU XeTuxaTcal MPUXOASITCS Ha 3UMHUE MeCsI-
Ibl, a MUHUMAaJIbHBIE Ha JieTHUe (puc. 40, 41). AM-
TUIMTYIa CE30HHOTIO X0Ja MeTaHa Ha CTaHIIUU XeTU-
XxaTcajl CpaBHMMA C aMILJIMTYJOM Bapualuii Ha CT.
OOHMHCK, XOTSI aOCOJIOTHBIE 3HAYCHMS HUXE B
cpenHeMm Ha 70 ppb. s yriieKuciaoro rasa ce3oH-
HBIE Bapyaluy Ha cTaHuusaXx OOHMHCK M XermxarT-
caJjl MpaKTUYeCKU COBIIAAIOT, a TPEHAbl, AMIIJIUTY-
Jla KoJieOaHUI U cpenHee 3HaUYeHUEe KOHLIEHTpaluu
CO, Ha 3TUX CTaHLMSIX IMOKAa3bIBAIOT JOCTATOUYHO
xopor1ee cornacue (tadi. 1).

B Tabm. 1 momomHWTENTBHO IIPWBENEHBI TPEHIBI
MeTaHa J1st iepuonaa pocta ¢ 2007 r. st cpaBHeHUS,
mI00AJIbHO yCpemHeHHBIe TpeHAs! B Tiepuo ¢ 2007 mo
2020 rr., paccunranHbie no gaHHbIM [ESRL, 2021], co-
crapysator 7.4 + 2.1 ppb/ron u 2.0 + 0.4 ppm/ron mist
MeTaHa 1 YIJIEKKUCJIOro Ta3a COOTBETCTBEHHO.
Ne 2
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Puc. 5. ConocrapineHue HazeMHbIX U3MepeHuii XCO, (a) 1 XCHy (6) Ha c1. O6HMHCK (55.11N, 36.60E) npu6opom MP-32/MI'C
u gaHHbIX GOSAT, ycpenHeHHbBIX 115 stueiiku 5° X 5°. Ha pucyHKe mprBenIeHo 41cio coBragaoimmx n3Mmeperuii (N), koadpu-
HUeHT Koppessitiuu (R7), otHoleHue cpenHux 3HaueHnit GOSAT/MP-32 u crangapTHOe OTKJIOHeH e (B CKOOKax) mist 95% no-

BEPUTEIIbHOI'O MHTEpBAaJia.

3.2. Cpednue no evicome KOHUCHMpPAuUU Memana
u yenexucaoeo 2aza 6 2015—2021 ee.

3.2.1. ConocmaseneHue co cnymHuKko8bimu
daunvimu GOSAT

GOSAT (Greenhouse Gases Observing Satellite)
SIBIISIETCS TIEPBBIM CITYTHUKOM, TIpeIHa3HAYEeHHBIM
IUIST HAOJIIOMeHNS 3a TTApHUKOBBIMU Ta3aMU U3 KOC-
moca. C 2009 r. GOSAT mnpoBoauT miobajabHbIE Ha-
omonenusi 3a CO,, CH, 1 H,O ¢ npocTpaHCTBEHHBIM
paspeieHreM ~10 KM?, BpeMeHEM IMepECEYEHUST DK
BaTtopa okosio 13:00 mo MecTHOMY BpeMeHHU U 3-THEB-
HBIM IIMKJIOM TOBTOpeHUsI. PDypbe-CIeKTpOMeTp
TANSO-FTS na 6opty GOSAT n3mepsieT KOpOTKO-
BOJIHOBOE MH(ppakpacHoe udnydeHue (SWIR), orpa-
JKeHHOE OT ITIOBEPXHOCTU 3eMJI1 B ITOJI0CAX MOTIOIIE-
Hug kuciaopona (12950—13200 cm™'), yramekuciaoro
rasza (6180—6380 cm~') u merana (5900—6150 cm~!) co
criekTpaibHbeIM paspemeHueM 0.2 cm~!. TouHOCTB

eIUHUYHOTO u3dMepeHust MmeHee 3.5 ppm mist xCO, u
15 ppb nist xXCH, [Yoshida et al., 2011; Kivimaki et al.,
2019].

INepBuunbie nanHbie GOSAT (Bepcus V02.xx) co-
nepxarcst B [GOSAT, 2021]. das dopMupoBaHUs
BpeMeHHbIX psinoB xXCO, u xCH, Han HazeMHbIMU
NYHKTaAMU HaOMIOAeHUl OOBIYHO MPOBOASAT IIPO-
cTpaHcTBeHHOEe ycpenmHeHue maHHbIX GOSAT mis
sgyeek 6° X 6° u 6osee [Kiviméki et al., 2019, Oshche-
pkov et al., 2013, Gavrilov et al., 2014]. Hamu 0s11m
MpOaHAJIM3UPOBAHBI 3 BapuaHTa YCPETHEHWS IS
syeek 3° X 3°,5° x 5°10° x 10°. I1pu pa3mepax siue-
€K MeHbIIMX 5° X 5° YyKCiI0 cCoBNagaolX 3HaYeHU
B MHTepBaJie =1 9ac OTHOCHUTEIILHO BpEMEHM IPoJIe-
Ta CITyTHUKA CTAHOBUTCSI MaJbIM, Y U3 CPaBHEHUS
MOTYT BbINAAATh LieJiblie ce30HbI. ComocTaBiIeHUE C
maHHbiMU GOSAT s obnactu 5° X 5°, ipuBelieHO
Ha puc. 5.

Taomuna 1. KoaddunmeHTsl TMHEHOTO TpeH1a, aMIUIMTYIbI KOJeOaHWit U cpenHue 3HaYeHUs (B CKoOKax) MpU3eMHBIX

KOHL[CHTpaL[I/II\/'I METaHa 1 YIJIECKHCJIOTO ra3a

Tpenn CH, Tpenn CO, Ammutyna (CpenHee)
CraH1us/TOIBI ppb/ron ppm/Toxn CH,, ppb CO,, ppm
1998—-2020 2007-2020 1998—2020 1998—2020 1998—2020
OGHUHCK 2.8+ 1.1 8.3+2.6 26+0.6 49 (1997) 11 (397)
Xeruxarcai 46+ 1.0 7.5+2.1 22+0.5 43 (1940) 13 (393)
M3BECTUS PAH. ®DU3UKA ATMOC®EPBI 1 OKEAHA  Ttom 59 Ne 2 2023
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Taomuna 2. KoadduimeHTs! TMHETHOTO TpeHIa, aMIUTUTYAbI KOJIeOaHUI U cpeqHue 3HaueHs (B CKOOKAax) KOHIIEHTpa-

uuit xCH4 u xCO, 3a nepuon 2016—2020 rr.

Tpenn xCH, Tpenn xCO, Awmrmuntyna (CpenHee)
CraHuusa

ppb/ron ppm/ron xCHy, ppb xCO,, ppm
OOGHUHCK 125+ 1.9 2.3+0.5 11.5 (1843) 5.6 (409)
55.11N 36.60E
Kapncpya 10.2 £ 1.5 2.2+0.3 8.8 (1842) 3.3 (408)
49.10N 8.44E
Bpemen 10.7 £ 1.6 24104 8.0 (1845) 2.5 (408)
53.10N 8.85E
OpneaHn 9.8+ 1.5 22104 10.8 (1838) 3.2 (407)
47.97N 2.11E
IMapux 10.0+ 1.5 2.0+04 8.9 (1843) 3.5 (408)
48.85N 2.36E
GOSAT (O6HUHCK, 5° X 5°). 10.5+ 1.4 2.3+0.3 8.0 (1846) 3.6 (406)

CpaBHeHME JaHHBIX HA36MHBIX U CITYTHUKOBBIX M3~
Mepenuii XCH, u xCO, nokaszasno, 4To pe3yJibTaThbl U3-
MepeHMii Ha cT. OOHMHCK CHUCTEeMaTU4YeCKM 3aBbIIlIe-
Hbl. OTHoOIIeHUs cpenHux 3HayeHuit GOSAT/MP-32
st stueek S5° X 5° 1 10° X 10° B mpenenax morpeniHo-
CTHU COBMAnaloT U B cpenHeM cocTabiisiioT 0.98 £ 0.01
1 0.97 £ 0.01 gy1a xCO, u xCH, cooTBeTcTBeHHO. i1t
KOMIIEHCALIUM CUCTEMATHUYECKOIO PACXOXICHUS U
npuBsizku naHHbix MP-32/MI'C k mikane GOSAT,
HaMu ObUIM BBEACHEI IIOIIpaBOYHEIE KO3(GUIIEH-
ThI, paBHBIe 0.98 mris yraekucnoro raza u 0.97 misa
meTraHa. ClneayeT OTMETUTh, YTO BBEJIEHIE CUCTEMA-
TUYECKUX ITOIIPAaBOK He CKa3bIBaeTCs Ha BEJIMUYMHAX
TPEHAOB M aMILIUTYIIE TOJOBOIO XO[a, TakKXKe KaK U
Ha pe3yJibTaTaX CIIEKTPaIbHOIO WJI KPOCC-KOPpEs-
LIMOHHOTO aHa/In3a.

3.2.2. ConocmaseneHnue ¢ OGHHbIMU U3MePeHUl
Ha cmanyusax TCCON

CpenHemecsiunble 3HayeHus1 XCH, u xCO,, no-
JIydeHHbIe C IToMOIublo mpubopa MP-32/MIC B
2015—2021 rT., OBLIM COIIOCTABJICHBI CO CpEeIHEME-
csaHbiMU gaHHbIMU ctaHOouii TCCON. dist cpaB-
HEeHUS ObLINM MCIIOJIb30BaHbI JaHHBIC €BPOIMECKIX
cranunii Kapncpys, bpemen, Opirean n ITapik, pac-
nonokeHHBIX HIke 200 M Hag ypoBHeM Mopst [TC-
CON, 2021]. ITockonbKy He I BCEX CTAaHIIMMN UMe-
1oTcs gaHHble 3a 2021 1., mapaMeTphbl CONOCTaBIIsIe-
MBbIX DPSIOB — JIMHEWHBIA TpEHA, aMIUIMTyIa
BapMaluii M cpeaHee 3HaueHue MpUuBeACHBI B Ta0JI. 2
3a OMMHAKOBBIN Tepuon ¢ sstHBaps 2016 Mo geka6pb
2020 r.

W3 Ttabn. 2 ciaenyeT, 9TO pe3yIbTaTHl M3MEpEeHMIA
Ha ct. OOHMHCK 3a aHAJIM3UPYEMBIH MepHUo, T0CTa-

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

TOYHO XOPOIIO COIVIACYIOTCS ¢ Ha3eMHBIMU HaOJIIo-
neHussMu Ha ctaHuusax TCCON u gonmoaHUTENBHO
npuBeaeHHBIMU B TabJ1. 2 naHHBIMU GOSAT. Koad-
GULIMEHTHl KOPPEISIIUA MEXAY M3MEpEHUSIMM Ha
ct. O6HuHCcK U ctaHuusx TCCON npessimaioT 0.84
st MetaHa v 0.73 111 yIJIEKMCIIOTO Ta3a IIpy 3HAYM -
MOCTHU, IIPEBHILIAIONIEC YPOBEHD 20.

CpenHeMecsiuHble BpeMeHHble psiabl XCH, wu
xCO, 3a 2015—2021 rr. no gaHHbIM cT. OOHUHCK U
GOSAT, a Takxe o JaHHBIM cT. Kapicpya, mis Ko-
TOPOM pe3ybTaThl U3MepeHuii 3a 2021 1. Ob11H Oo1Ty6-
JqukoBaHbl B [Hase et al., 2017], mpuBegeHnl Ha
puc. 6a, 6B, a CpeTHUI CE30HHBII X0/ 3a BpeMs Ha-
GmoneHUit — Ha puc. 66, 6r. DKCTpEeMyMbI CE30HHO-
ro xona xCH, u xCO, no npaHHbiM cT. OOHUHCK,
GOSAT wu ct. Kapacpys coBrnanaiot, mpu 3TOM am-
TUIMTYAA Ce30HHBbIX Bapuauuii Ha cT. OGHUMHCK He-
MHoro Beiie. B 2021 r. KOHIEHTpalWK YyIJIEKUCIOTO
raza M MeraHa Ha cT. OOHMHCK BBIIlIE JaHHBIX
GOSAT u ct. Kapicpys, 0cOOEHHO 3TO 3aMETHO JIJIsT
MeTaHa B OKTs10pe—HOos10pe 2021 1. B oceHHe-31M-
HUI IEpUOJ U3MEPEHUST HEMHOTOUMCIIEHHBI 1 3a4a-
CTYIO TIPOBOISTCS TIPU OOJNBIIMX 3€HUTHBIX YIjax
Connua. B yactHoctu, B okTs16pe 2021 T. TTOBBIIIIEH-
HbIe 3HAYEHUSI YTJISKUCIIOTo Ta3a 1 MeTaHa ObLI, Be-
POSITHO, OOYCJIOBJIEHBI PE3KOM CMEHOM MNOTOAHBIX
ycroBuii. Eciiut ¢ 6 mo 8 okTs16pst JaBiieHUEe COCTaBIISI-
0 764—765 MM pT. cT., BraxHocth 40—50%, TO
11 okTs16ps1, IpU COXpaHEHUU SICHOM ITOrOAbI, JaBJie-
Hue ynajuo 10 740 MM PT. CT., BJIAXKHOCTb OBBICUJIACH
1o 97%, a temnepaTtypa nonun3miach Ha 10°C. Bepo-
SITHO, peajibHble MPOoMUIN METeoIapaMeTpPOB B 3TOT
MEPUOJT CYLIECTBEHHO OTJIUYAIUCh OT allpUOPHBIX,
YTO MOIJIO MPUBECTU K 3aBBILIEHHBIM PACYETHBIM
3HaueHusM XCH, u xCO,. Ha nanHoM 3Tamne uccie-
Ne 2
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Puc. 6. Bapnanuu cpenHemecsunbix 3HaueHuit XCHy (a), xCO, (B) B Tonmie atMochepsl U CPeIHUIT Ce30HHBI xof (6, T) 3a
2015-2021 rr. 1 — O6HuHCK, 2 — Kapncpys, 3 — GOSAT (OGHUMHCK, ycpeaHeHue 5° X 5°).

JIOBaHMM pe3ynabTaThl U3MepeHuii B 2021 1. IBISIOTCS
IpenBapuUTEIbHBIMU, OOJiee NeTaJbHBIN aHaan3 Oy-
JIeT TEMOI JaJIbHEUIITNX paboT.

3.3. Koppensiyuonnsie césasu u gpazosoie
COOMHOULeHUSL MeNCOY NPU3eMHBIMU
U CpeOHUMU 8 MOAUe KOHUESHMPAYUSIMU

M3MepeHUsI KOHLIEHTpALIWi MeTaHa U YTJIEKUCIIO-
ro ra3za B IPU3EMHOM CJIOE U B TOJIIIE aTMOC(dephl Ha
cT. OOHUHCK MPOBOIITCS NPaKTUYECKU OJHOBpE-
MEHHO. DTO IMO3BOJISIET OLIEHMUTh B3aUMOCBSI3U MEX-
Iy IPU3EeMHBIMU U CPEIHUMU B TOJIIE KOHLIEHTpA-
LUSIMUA U TIPOBECTU CPABHUTEILHBINA aHAJIN3 CE30H-
HOM M JOJTOBPEMEHHOM M3MEHYMBOCTH, a TaKXe
cAeaaTh OLIEHKW BO3MOXHOIO BJIUSIHUSI MECTHBIX MC-
TOYHMKOB WJIM IEepeHOca U3 JIPYruxX peruoHoB. s
COKpallleHUsI Mbl B JajibHElIIeM OydeM HCITOJIb30-
BaTb 0003HaueHus gCH, n gCO, nng npusemMHsbIX, a

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

xCH, u xCO, aJis1 cpeaAHUX 1O BBICOTE MOJIbHBIX KOH-
LEHTpaLuii.

PaccMoTpyM TUHAMUKY KOPPEJSIIUOHHBIX CBSI-
3eii u pasosble cooTHoleHus gCH, n gCO,, xCH, n
xCO, 6osiee TOAPOOHO C TOMOLIBIO KPOCC-KOPPESI-
LMOHHOTO BelBiaeTHoro aHanusza |[Grinsted et al.,
2004]. Hug 3TOoro mpeaBapuTeIbHO BCE pSAbl ObLIU
CTaHIAPTU30BaHbI U yIaJIeH TUHEeHbIA TpeHd. Kpocc-
KOppeJISILIMOHHBIN BeliBIeTHBIN aHanu3 Mmexny gCH,
u gCO,, xCH, u xCO, (BeiiBieTorpaMMbl HE IPUBO-
JISITCST) IOKAa3aJl, YTO JJIsl IPU3EeMHBIX KOHLIEHTpallNii
roAOBhIe BapHallui MeTaHa M YIJIEKKUCIIOTO Ta3a IIpo-
HUCXOHAT B ¢hase, a IUIsI CPEIHMX I10 BHICOTE KOHIICH-
TpalMii MoYTH B IpoTUBO(dase, co caBUroM asbl 4—
5 Mec. DTOT caBUT (a3 HaIIea OTpaxkeH1e U B KOppe-
JgaiuroHHbIx cBa3sax mexay gCH, u xCH,, gCO, u
xCO, (puc. 7). 3HauuMble (IOBEpUTEIbHbII UHTEP-
Bajl 6onee 95%) Koppensiuuy XapaKTepHBI TOJBKO
IS TOIOBOM TapMOHMKU. BBICOKMIT ypoBeHb 3HAUM -
Ne 2
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Puc. 7. Kpocc-koppeilinonHas BeliBieTorpaMma cpeaHemecaunbix 3HayeHuii gCHy u xCHy (a), gCO, u xCO, (0) 3a 2015—
2021 rr., ct. O6HUHCK. LIBeTOBas mKkana B OTH. . 3Ha4YeHUSI OOJIbIIE 2.5 OTH. €lI. COOTBETCTBYIOT JOBEPUTEILHOMY UHTEP-
Basty 65%, Gonee 3 OTH. ell. — MOBEPUTEITbHOMY UHTEpBaTy 95% (BblIeICeH XKUPHOi TuHKeit). HampaBiieHHs CTpesIoK BIpaBo

COOTBETCTBYIOT CUHXPOHHOCTH KOJICOaHUA.

MOCTH CBSI3aH C TEM, YTO I10 JAHHBIM CIIEKTPaIbHOTO
aHanm3a (B CTaTbe He IMIPUBOASTCS ) aMILIUTYAA FOI0-
BOIf TaApMOHUKM GoJiee YeM B JIBa pa3a MPEBOCXOIUT
AMIUTATYIBI IPYTUX KOJIeOaHMIA.

®a3za romoseix Bapuanuit XCH, onepexaet dazy
ronoBbix Bapuauuii gCH, Ha 2—3 Mmecsia (CTpesiku
Ha puc. 7a HaIIpaBJIEHBI BBEPX UJIMU BIIPABO U BBEPX).
AHaJIOTUYHBIN aHaJIN3, 3a 00Jiee KOPOTKUIA MHTEePBaJ
¢ 2017 mo 2020 rr., MpOBEACHHBIN IS TPU3EMHBIX
[Kubistin et al., 2021] u cpenHux o BeicoTe [Hase et al.,
2017] koHueHTpaumii Ha cT. Kapicpyas, Takxke noka-
3aJ1 HeOOJIBIIIOE OTepexkeHre (da3bl TONOBBIX BapyaLIii
xCH, otHocutenbHo gCH, B mepuon 2017—2018 rr.
CriemyeT OTMETUTb, 4TO IJIsI IIEPUOAOB KoJaecOaHMIiA
Oospire 28 Mec. BapualliM MeTaHa B IIPU3EMHOM
cJioe 1 B Tportocdepe IMPOUCXOISAT B OCHOBHOM B OJI-
Holt (aze (pu “ordenuBaHUM” PSAOB, T.€. UCKIIO-
YEHUU CE30HHOTO Xoja, Koppeasaiuuu psaagoB xXCH, u
gCH, c nepuonamu 6osiee 28 Mec. CTAHOBSITCS 3Ha-
YUMBIMHA). DTO, BO3MOXHO, YKa3bIBaeT Ha BEIYIIYIO
pOJIb Ha3eMHBIX UCTOUYHMKOB MeTaHa BO BHYTPUIO-

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

JIOBBIX Y TOAOBBIX BApUALIUSIX U CPAaBHUTEJILHO OBICT-
poe, B TeueHue 2—3 JIeT, 3aTyxaHle KOPOTKONEePpUO/ -
HBIX IIPU3eMHBIX Nyjbcaluii B Tponocdepe. Ilpu
3TOM (pa30BbIC COOTHOLLIEHUS MEX Ty IPU3EMHBIMU 1
CPEIHUMH ITO BLICOTE KOHIIEHTPALMSIMU MeTaHa ISt
TOJOBBIX BapHallii U KojebGaHuil ¢ mepuogamMu 60-
Jee 2.5 1eT cTaOWIbHBI IJI BCETO aHAJIM3UPYEMOIO
nepuona.

B ciydae yriaekuciaoro rasza romoBble Bapualuu
xCO, otcratot no ¢asze Ha 1—2 Mecs1a OT TOAOBbIX
Bapuauuit gCO, (cTpenku Ha puc. 76 HampaBieHbI
BIIPaBO U BHU3). AHAJIOTUYHBIE pe3yJIbTaThl MOJTyde-
HBI IPU KPOCC-KOPPEISILIMOHHOM BEMBJIETHOM aHa-
Jm3e gaHHbBIX cT. Kapicpys. Bo3amoxHO, cTaOMIbHBIE
¢a30BBIE COOTHOIIECHUSI UMEIOTCS TaKKe B 00/1acTU
KBa3UIBYXJIETHUX KOJIEOAHM, IJIsI KOTOPEIX, CYAS I10
puc. 76, Bapuauuu gCO, u xCO, npotuBodas3Hbl. B
eJIoOM, IIPEACTaBIISICTCS 3aCIy>KMBAIOIIMM BHUMA-
HHS aHaIn3 (Pa30BBIX COOTHOIIEHUI MPU3EMHBIX U
cpenHux 1o BbicoTe koHleHTpauuiit CH, u CO, Ha
OCHOBe 00Jiee IIUTEIbHBIX U3MEPEHUIA.
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Puc. 8. Perpeccus cpennemecsunbix 3HaueHuit CHy Ha CO,. 7 — OGHUHCK, MPU3eMHBIE KOHLIEHTpALNUK, 2 — Xernxarcai,
Mpu3eMHbIe KOHIleHTpalnu, 3 — OOHUHCK, CpeIHUeE IT0 BbicoTe KOHLIeHTpaluu, 4 — GOSAT (O6HUHCK, ycpenHeHue 5° X 5°),
CpenHue Mo BhICOTe KOHIIeHTpaluu. Ha prcyHke nmpuBeaeHbl TakKXKe YMCIOBbIe 3HaUeHUsT KO3 GOUIIMEHTOB perpeccuu (1oBe-

puTenbHas BEpOSITHOCTh 6osiee 95%).

3.4. Omnowenue konyenmpayuii CH,/CO,
8 NPUZEMHOM CA0€ U 8 MOAUe AamMOocgepbl

OgHUM M3 METOIOB OLICHKU aHTPOITOTeHHBIX
OMUCCHUII METaHa U YIVIEKHUCJIOTO Ta3a U UX B3anMO-
CBSI3U SIBJISIETCSI aHAIM3 U3MEHUYMBOCTU OTHOILIEHUS
CH,/CO, (Hannpumep [Tohjima et al., 2014; Wong et al.,
2015; Ghasemifard et al., 2019] u uuTupyemas Jute-
parypa). [1pu 5TOM UCXOASAT U3 TIPEATIONOXKESHUS, UYTO
WICTOYHUKU W CTOKHW HaOIIOTaeMBIX B JAHHOM MeCTe
Bapuainuit CO, u CH, MoryT ObITh JOCTAaTOYHO yaa-
JieHbl, a cootHoieHnue CH,/CO, ucrnonb3yercs misi
dupTpany HabOmaeMbIX HaHHBIX, Ha KOTOPBIE,
BO3MOXHO, BIUSIOT TaKKe MECTHBIE MCTOYHUKUA —
croku. Koppemnsims BHyTpH M MEXTOTOBEIX Bapua-
uuit gCH, u gCO, oTMeuaniach paHee B psiie pador,
HampuMep B [ Yoshida et al., 2011] moka3aHo, 9T0 s
Pa3IMYHBIX CE30HOB KOA(M(UIIMEHTHl perpeccuu
CH,/CO, nns EBporieiickoro pernoHa BapbUpyioT OT
4.7 no 15.6.

Perpeccuu cpenHemecsiunbix 3Hauenuit gCH,/gCO,
U CPEIHMX MO BBICOTE OTHOIICHUM KOHIEHTpaIui
xCH,/xCO, npencrasieHbl Ha puc. 8. [1o naHHBIM
cT. OOHUHCK HabmomaeTcst 6ojee MMUPOKUA qruana-
30H Bapuauuii gCH,/gCO, cpaBHUTENBHO C TaHHBI-
mu ct. Xeruxarcan, Benrpus. I[Ipu sTom obpaiaet
Ha ce0sI BHUMaHUe CoBIageHNe KO3 OUIIMEHTOB pe-
rpeccuu. DTo, BEpPOSITHO, CBSI3aHO C TeM, YTO OOJib-
1110€ BpeM$ >KU3HU MeTaHa 1 YTJEeKMCIIOTro raza npu-
BOAUT K 3((HEKTUBHOMY MEpEeMEIIMBAHNIO B IOTpa-
HUYHOM cjioe aTMocdepbl U HabJirogaeMble Ha CT.
Xeruxarcan 1 OOHMHCK BapUallny ITPU3EMHBIX KOH-

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

LEeHTpaLUil BO3MOXHO 00YCIIOBJIEHBI SMUCCHUEH yaa-
JIEHHOTO OOILIET0 UICTOYHMKA.

KoadpunueHTs perpeccuu mist CpeqHUX 110 BhI-
COTe KOHLIEHTpanuii Ha ¢cT. OOHMHCK U 110 JaHHBIM
GOSAT menbiie Ha 6%. [1parHBI pa3Idnst MOTYT
OBITH CBSI3aHBI KaK C OTHOCUTEIBHBIM POCTOM TPO-
nocgepHOro yrjieKuciaoro raza, Tak M, 4To Ooiee
BE€POSITHO, C OTHOCUTEJIbHBIM YMEHBIICHUEM TPO-
nocepHOTO MeTaHa, ¥ TPEOYIOT JadbHEHIIIeTO N3y~
YyeHUs1. YUuThIBasl BeIBOIbI paboThl [Howarth, 2019]
0 MacIITaOHOM MHTeHCU(UKAIIMU TOOBIYN CIIaHIIE-
Boro raza B CIIHA u KaHanme, Kak 0 BO3MOXHOI
MPUYMHE POCTAa KOHIIEHTpAlUM MeTaHa B MEpUO.
nociie 2007 1., mpencraBiisieT MHTEpeC aHaJIu3 6oJiee
OOIIMPHOTO MaTepuaa, OXBaThIBAIOIIETO CPEIHME
IIMPOTHI Bcero CeBEepHOTO MOJIyLIapusl, C BKJIIOYE-
HMEM B aHaJIu3 IIPOCTPAHCTBEHHO-BPEMEHHBIX Ba-
puauumii otHowmenuit CO,/CO, CO,/N,O, CH,/CO
u CH,/N,0.

3.5. Cezonnbie sapuayuu 6 moawe ammocgepol
U 804U3U 3eMHOU NOBEPXHOCMU

CpenHue ce30HHbIE pa3HOCTU KOHIEHTpaLUii B
MPU3EMHOM CJIO€ U B TOJIIIE aTMOCGEpPhI 3a IEPUOL,
¢ 2015 1o 2021 rr. Ha cT. OOHMHCK IIpUBEACHBI Ha
puc. 9. HauGomblye NpeBHIICHUS ITPU3EMHBIX
koHueHTpanuit gCH, n gCO, Haa KOHLIEHTpalusi-
MU B Toule aTMocdepbl HaOMIOOAI0TCI B 3UMHUMI
nepuon. B meTHmMiIT mepwon g yIIEKUCIOTO Tas3a
KOHIIEHTPAIINU IIPUMEPHO COBIAMAIOT, a A MeTa-
Ha XapaKTepHOI 4epTOil CE30HHOTO X0O4a SIBIASIETCS
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Puc. 9. Ce3onnblii xon pazHocTu cpegHeMecsayHbIx 3HaueHuit gCHy — xCHy (a) u gCO, — xCO, (6). 1 — ycpenHeHnnsle ¢ 2015
o 2021 rr. cpenHeMecsTYHbIe 3HAUYCHUS, 2 — CpeTHEMECSTYHbIC 3HAYCHUST TSI MUHUMAJTbHBIX BEJTMYMH.

MOCTOSTHHOE IIPEeBhIIIIeHUE TPU3EMHBIX KOHIIEHTpA-
LU Had CpeMIHUMU KOHILIEHTPALMSIMU B TOJIIIIE aT-
mocdeprl. PaHee, mpu aHanm3e gaHHBIX cT. OO0-
HUHCK, IJIsI onipeaeiceHsI (DOHOBOM COCTaBJISIONIEH
NPU3EMHBIX KOHIEHTPALUIA UCIIOIb30BaJICS METO,
duabTpalu JAHHBIX C BBIACJICHUEM MUHUMAJIb-
HBIX BHYTPUIHEBHBIX BeaWYUH [ApedbeB U Ip.,
2014; ApedneB u ap., 2015]. AHaTOTUYHBINA ITOAXO/
ObLI CNIOJIL30BaH B [MakapoBa u 1p., 2015] mpu aHa-
Ju3e Bapualuii MetaHa Ha craHuuu Ilereprod
(CIIoI'Y). Ha puc. 9 kBangpaTamu mokKa3aHbl CE30H-
HBIC Pa3HOCTU KOHIICHTPALUIA, IOIyYeHHBIC A1 MY~
HUMaJIbHBIX BeJInurH. OOpaliiaeT Ha ce0si BHUMaHUeE
MOYTH NapajuienbHbiit cnBur padHoctu gCH, — xCH,
u gCO, — xCO, nipu nepexoie oT CpeaHUX K MUHU-
MaJIbHBIM IPU3E€MHBIM KOHIIeHTpalusM. J11s1 MeTa-
Ha MUHHMMAJIbHBIEC IIPU3EMHBIE U CPEIHNE 10 BBICO-
Te KOHIIEHTpalli1 B Mae-aBTyCTe COBIIAAIOT B IIpe-
nenax 30 ppb, a B ocTajibHbIE MECSILIbI IPEBBILLICHUS
MPU3EMHBIX KOHIIEHTPALIU COXpPaHSIETCS U COCTaB-
nsiet 70—150 ppb. KadyecTBeHHO 3TO MOXKET O3Ha-
4aTh, 4TO 1J1sd cT. OGHMHCK B XOJIOMHOE BpeMs roga
BO3pacTaeT BKJIaJ MECTHbIX MICTOUHUKOB MeTaHa, a
B JIETHEE BpeMSI MECTHbIE MCTOYHUKM METaHa He-
3HAYUTEJIbHBL U PETrUCTPUPYIOTCS KOHIEHTpAallUU
MeTaHa, orpeaesieMble CPeAHUM ITePEHOCOM. YUu-
ThIBasl, 4TO JJIsT ¢T. OOHMHCK OCHOBHBIC HallpaBJie-
HUSI BETPOB 3aMagHble U oro-3anagHeie (1o 40%) u
1oXHBIe (10 15%) [https://world-weather.ru], To
BO3MYILIHbIE MacChl B TeYeHHE roga B OCHOBHOM
NPUXOIAT U3 HEHTPAITBHOMN 1 103KHOUW EBpOITHI.
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B ciyyae yriekucioro ra3a Ce30HHbII X0 CpeaHMX
U MUHUMAaJIbHBIX 3HaueHuii pasHoctu gCO, — xCO,
Ka4eCTBEHHO TaKOU K€, KaK 1 IJIsI MeTaHa, OJHAaKo,
KOJIMYECTBEHHEIE IToKa3aTeau pasnmyarorcs. [lpe-
BBIIIICHNE MWHMMAJIbHBIX ITPU3EeMHBIX KOHIIEHTpa-
LU Hal KOHLEHTPaLUUsSIMU B ToJIIe aTMocdephl (6—
15 ppm) coxpaHsieTCs TOJIBKO IJIsl 1eKa0Opsi, THBaps 1
despaiid, a ¢ Mas no asryct XCO, 6onbiie gCO, Ha
20—30 ppm. DTOT pe3yabTaT CoIyiacyeTcsl ¢ aHaATU30M
ce30HHbIX Bapuanuii CO, B pabote [Olsen, Rander-
son, 2004], rome OBLIO IMOKa3aHO, YTO IJISI CPEIHUX
mupoT CeBepHOro Moylapus XapakKTepHo najaeHue
aMIUIUTYIbl CE30HHBIX KosiebaHuit CO, C BBICOTOMH,
MpuYeM JIETOM CpeIHHE IO BBICOTE KOHIIEHTpPALIUU
MPEBBIIIAIOT IPU3EMHEIC, a 3MMOIi U BECHOIA, B IIEpU-
OJl POCTa SMUCCUM 32 CUET CKUTaHUs ToruuBa, XCO,
HMKE TTPU3EMHBIX KOHLICHTPAIIWIA.

4. BAKJIITOYEHHME

PesynbTaThl UI3BMEpEHUI B IIPU3EMHOM CJIOE B ITe-
puon 1998—2021 rr. mokasajiu 3HAYUTEJbHBIN POCT
KOHILIEHTpALIMi YIJIEKUCIOro rasa u MmeraHa. He-
Oosbioit orpuuarenbHbiit TpeHn CH,, HaGmonas-
muiica B 1998—2007 rr., B TaabHEUIIIEM CMEHMJICS
MOJOXUTEIBHBIM TPEHAOM. 3a MepUOI HAGTIOMeHUIA
KOHIIEHTpaLsI MeTaHa BeIpocia Ha 124 ppb, a yrie-
Kucjioro rasa Ha 62 ppm. CKOpocTh pocTa KOHIICH-
Tpauuu CO, Ha cT. OGHUHCK B MPOLIEHTHOM OTHO-
meHun (0.65% B Toa) B TOJTOpPA pasza MPEeBOCXOAUT
Ne 2
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Haomomasiwmiics ¢ 2007 . poct CH, (0.42% B rom).
TpeHapl, aMIUIMTyIa KOJeOGaHWA M CE30HHBIN XOI
MPU3EMHOI KOHIIEHTpallM MeTaHa M YIJIEKUCIOTO
rasa Ha cT. OOGHMHCK XOPOIIIO COITIACYIOTCS C JAHHBI-
Mu cT. Xeruxarcai, Benrpus.

ComnocTaBieHNUe CPETHUX I10 BBICOTE KOHIIEHTPA-
uuii metaHa XCH, u yriekucnoro raza xCO, co cryT-
HUKOBbIMU JaHHBIMU GOSAT mokazano, 4yro mis
Ha3eMHbIX HaOJIOASHU B XOJIONHOE BpeMsI Tofa Ha-
Os1ro1aeTcst HEOOJbIIIOE CUCTEMATUYECKOE MPEBbIIIIE-
Hue. s npuBsizku K faHHBIM GOSAT Ob111 BBee-
HBI ITOTIpaBOYHbIE KoM duiimeHTsl, paBHble 0.97 s
MmetaHa u 0.98 mmsg yriekwucioro rasa. TpeHobl u
cpemHue 3HAaYeHUS 110 JaHHBIM ¢T. OOGHUHCK 3a CO-
noctaBuMbIii riepuof ¢ 2016 mo 2020 rr. 4OCTaTOYHO
XOPOIIIO COIJIACYIOTCSI C HA3€MHBIMM HAOIIOIEHUSIMU
Ha eBpoIeiickux ctanumsax bpemen, Kapicpya, Op-
nean u ITapix, mpym 3ToM 1 ¢T. OOHMHCK HECKOJIb-
KO BBIIIE aMITJINTYJA rogoBbIX Bapuainii. Koapodn-
LIMEHTHl KOPPEISIIUNA MEXAYy M3MEPEHUSIMH Ha CT.
Oo6nuHcK n Ha craHuusgsx TCCON npessimaror 0.84
u 0.73 011 MeTaHa U YIJIEKHCJIOTO r'a3a COOTBETCTBEHHO.

ITpakTUYecKu OMHOBPEMEHHBIE U3MEPEHUS TIPU-
6opom MP-32/MI'C KOHLIEHTpaLMii B TIPU3EMHOM
cnoe (gCH, u gCO,) u B Tonie atMmocdepst (xXCH, u
xCO,) NO3BOJIWIU MPOBECTU CPABHUTEJbHBIN aHAN3
CEe30HHOI U TOJITOBPEMEHHOM NU3MEHYMBOCTU U Olle-
HUTh B3aMMOCBSI3 MEXIY MPU3EMHBIMU U CPEIHU-
MU B TOJIIIE KOHIEHTPAIUSIMU METaHa U YTJIEKUCIIO-
ro raza. Ilo pesyabraTamM KpocCcC-KOPPEJSIIIMOHHOTO
BEHBJIIETHOTO aHaM3a (ha3a TOMOBBIX BapuaIUii
CpeIHMX IT0 BeIcOTe KoHIIeHTpauii XCH, oniepexkaeT
¢a3y TOOOBBIX BapuallMii TMPU3EMHBIX 3HAYEHUi
gCH, Ha 2—3 Mecsua, a Bapuaunu xXCO, OTCTaIOT IO
¢aze ot rogosBsix Bapuauuii gCO, Ha 1—2 Mecslia.
Tonosbie Bapuanuu gCH, u gCO, npoxonsiT CUH-
XpoHHO, a Bapuaiuu XCH, u xCO, npuMepHO B IIpo-
TuBOGda3ze.

JJ1s1 cCe30HHOTO X01a CpeMHETHEBHBIX TPU3EMHbBIX
KOHIIEHTpallMii MeTaHa U YIJIEKUCIIOro ra3a xapak-
TePHO UX TPEBbIIIEHNE Hall CPENHUMU KOHIIEHTpa-
LIUSIMU B Toille atMocdepsl. B To ke BpeMsi, MUHU-
MaJIbHblE MPU3E€MHbIE KOHILIEHTPALIMU YIJIEKHUCIOTO
rasa B Mae-aBryCTe HUXE CPEIHUX KOHLEHTpaluit B
tonie atMocdepsl Ha 20—30 ppm, a TpeBbIIIEHUE
(6—15 ppm) coxpaHsieTCs TOJIbKO ISt AeKa0psI, THBA-
ps u beBpaitsa. B mepuon ¢ Masi 1o aBrycT MUHUMAaJIb-
Hble MPU3eMHbIe KOHLIEHTpAllui MeTaHa COBITaaaloT
CO CPEIHMMU KOHILIEHTpaALMSIMU B TOJIIIE aTMOC(he-
pBbI, B OCTaJIbHBbIE MeCSILbl UX TPEBBIILIEHUE COCTaB-
mstet 70—150 ppb. KadyecTBeHHO 3TO MOXET O3Ha-
4yaThb, 4TO 4151 cT. OOHUHCK B JIETHEE BpeMsI MECTHbIE
WCTOYHUKMU METaHa W YIVIEKHUCJIOTO Ta3a He3Hauyu-
TeJIbHbI U PETUCTPUPYIOTCSI KOHLIEHTPALIMU, OTIpeJie-
JisieMble aJlBEKTUBHBIM MEPEHOCOM IpU Tpeodiana-
HUMU 3anaJHbIX U I0ro-3amnajaHbix BeTpoB. B xosonHoe
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BpEMA 1roga, BEPOATHO, BO3pACTACT BKJIald MECTHBIX
MCTOYHUKOB 3a CYET pOCTa SMUCCUHU IIPU CKUTaHUUN
TOIL/IMBA.
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Variations in Surface Concentrations and Total Column of CO, and CH,
in the Central Part of the European Territory of Russia

K. N. Visheratin® *- **_ E. L. Baranova!, G. I. Bugrim!, V. N. Ivanov!, E. I. Krasnopeeva!,
D. G. Sakhibgareev!, V. P. Ustinov!, and A. V. Shilkin'2
! Research and Production Association “Typhoon”, Pobedy St., 4, Obninsk, 249038 Russia
20bukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Pyzhevsky Per., 3, Moscow, 119017 Russia
*e-mail: kvisher@rpatyphoon.ru
**e-mail: kvisher@mail.ru

The results of measurements of surface concentrations and the total column of atmospheric carbon dioxide
and methane at Obninsk station by the method of IR spectroscopy are presented. The description of the
MR-32/MGC equipment for monitoring the gaseous composition of the atmosphere is given. Interannual
and seasonal variations and trends in surface concentrations of CO, and CH, for 1998-2021 and total col-
umn for 2015—2021are analyzed. According to the results of cross-correlation wavelet analysis, the phase
of annual variations in the column-averaged CH, concentrations is ahead of the phase of surface variations
by 2—3 months, and the variations in column-averaged CO, concentrations lag behind the phase of annual
variations in surface values by 1—2 months. The minimum surface concentrations of methane in May-
August coincide with the column-averaged concentrations, and for carbon dioxide in the same period they
are lower by 20—30 ppm. In the winter months, the minimum surface concentrations of methane and car-
bon dioxide are higher than column-averaged values by 70—150 ppb and by 6—15 ppm consequently. The
measurement results are compared with GOSAT and data from European ground stations.

Keywords: carbon dioxide, methane, surface concentrations, height-averaged concentrations, wavelet analy-
sis, seasonal variations, trends
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