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C 1esbio UcCTe0BaHNA BPeMEHHBIX BapHallUil KOHIEHTPAIMI YIJIepOICOJep KAIINX Ta30B, a TaKKe BBISBIE-
HUS BJMSIONMX Ha HUX (PAKTOPOB GBLT MPOBEEH aHAIN3 JOKAJIbHBIX MaMepeHuii konumentparmii CO,, CH; (au-
Bapb 2013 r. — ausapb 2020 r.) u CO (auBappb 2013 r. — auBaps 2019 r.) B atMocdepHOM BO3[AyXe Ha CTAHIUU
monutopunra CII6I'Y. B ananuse yuurTbiBaguch TpeH[ U ce3oHHble ociuuisiuuu. Jluneitnvle tpenapr CO,, CHy
u CO, xoropbie cocraBuu 2,42 ppm/tox (0,60%); 8,6 ppb/rox (0,49%); -3,8 ppb/rox (-2,2%) coorBercTBEH-
HO, XOPOIIO COTJIACYIOTCSI ¢ HE3aBUCUMbBIME OIEHKaMH KaK TJI06agbHbIX,/ (POHOBBIX U3MEHEHUi, TaK 1 M3MeHeHUH
Ha ypOaHM3UPOBAHHBIX TEPPUTOPHSIX. AHaMU3 sMuccuoruoro coorHomenus CO/CO, moaATBepANT, UTO TOMUHU-
PYIOIIMM aHTPOMOTE€HHBIM HCTOUYHIKOM, BJIMSIONINM Ha COCTAaB aTMOC(EpHOTro BO3[yXa B paiioHe CTaHIIUM MOHHTO-
punra CII6TY, saBisercss aBroTpaHcnopt. Pe3ysbrarhl, mpeAcTaBIeHHble B pa6oTe, MOTYT GbITh HCHOTb30BAHDI I
BaJHJaIUN aTMOCepHBIX Mojelleil, a TakKe JJIs He3aBUCHMBIX OI[eHOK IIOTOKOB ITAPHUKOBBIX Ta30B.

Kntouesvie cnoea: numoxcuj yriepojia, MeTaH, MOHOOKCHZ yrJjepona, rapmonmueckuii anannsz, CCGCRYV,
TpeH b1, amuccronusie cootromrerns CO,/CO,; carbon dioxide, methane, carbon monoxide, harmonic analysis,

CCGCRYV, trend, CO/CO, emission ratio.

BBeaeunne

OpHolt 3 NMPUYUH U3MEHeHUs KJuMara Ha 3eMJie
SIBJIIETCSI yBeJMYeHNe KOHIIEHTpaluii B aTMochepHOM
BO3/lyXe TePMOJANHAMUYECKN AKTHBHBIX Ta30B, TaKHUX
kak quokcun yriaepoga (COy) u meran (CHy) [1, 2].
Cogepskannie CO;, B atMocdepe 3aBUCUT OT IIPOIECCOB
razoo6MeHa MeXIy Pa3JINYHBIMU pe3epByapaMu yTJe-
poma (atMocdepoil, KOHTHHEHTATbHOII 3KOCHCTEMOH,
rugpocdepoii u auTocdepoii) U HEKOTOPbIMH XUMUYe-
CKUMHU peakuusMu, B KoTopblx CO, — KOHeuHbIl IIpo-
nykT. Takue Tpollecchl U peakImi o6pasyioT TI06aJb-
HbIIT GUOTEOXMMUYECKUIl HUKJ YriIepoja, Tle KpoMe
CO, yuacTBYeT IeJIbI P/l YTJIEPOCOAePKAIINX Ta30B,
B ToM uncae CH; u MoHookcuz yraepoga (CO) [1, 3].
MeTtaH — BTOPOH 1O 3HAYMMOCTH TAapPHUKOBBIH ras,
MTOTEHINAJ TT06AJIBHOTO TIOTETIEHUsT KOTOPOTO B 28 pa3
6osbiie, yueM CO, [1]; CO — ga0BUTHIII XUMHUYECKH
aKTHUBHBIH Ta3, KOTOPBIH NpH (HOTOXUMHYECKOM OKIIC-
JIEHUW MOKeT TPUBOAUTH KaK K Pa3pyIIeHuio, Tak
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n K o6pa3oBaHmWio Tpomoc(epHOTo 030HA, a TaKKe
PETYJIUpPYeT OKUCIUTEIbHYIO CIIOCOOHOCTb aTMOocdepbl
myteM peakmmit ¢ pagmkagom OH, xax m mertan [3].
Kpome toro, CO uyacto ucmnoJsib3yercsi Kak MHIUKATOD
MIPONCXOK/IEHHST BO3IYIIHBIX MacC TPU M3YyYeHUU BO3-
JefiCTBUS aHTPOMOTEHHBIX ¥ TPHUPOJHBIX HCTOYHUKOB
(noskapsr) Ha coctas arMocdepst [2, 3].

B macrosmiee BpeMs Ha Tepputopmn Poccum Mo-
HUTOPUHT aTMOC(EPHBIX KOHIIEHTPAIUil MMapHIKO-
BBIX Ta30B OCYIIECTBJISIETCS CJEIYIONMMI OpraHu3a-
musimi: - 1) TmaBHasg  reousmyeckast  06cepBaTOPHSI
uMm. A.J. BoeiikoBa (ct. Boelikoso, Tepubepka, Tuxk-
cu, Hosbrit opt) [4]; 2) VHCTHTYT ONTHKE aTMOChEPDI
uMm. B.E. 3yeBa CO PAH (B pamrax JR-STATION
(Japan-Russia Siberian Tall Tower Inland Observation
Network)) [5, 6]; 3) Uucruryr seca um. B.H. Cy-
kaveBa CO PAH B cocrae DUIl <«Kpacnosipckuit
nayunbiii meatp CO PAH» (o6cepsatopus ZOTTO
B Kpacnosipckom kpae) [4, 7, 8]; 4) HIIO «Taiidpyn»
(r. O6uunck) [9—11]; 5) MHCTATYT T106aTbHOTO KJIH-
MaTa W 39KoJoruum uM. akagemuka [O.A. M3pass
(ITpuokcko-TeppacHblii 6nocdepHbIil 3amoBeHuK) [7];
6) I'TIBY «MocakoMoHuTOpUHT> [12].

Bousblttasg 9acTh MpeACTaBIEHHBIX BbIIIE CTAHIINI
XapaKTepUu3yeTcst TeM, YTO OHU HAXOIATCS Ha GOJIBIIOM
yAamTeHnu OT IIPOMBINIIEHHBIX HCTOYHUKOB, MO3TOMY
usmepenus konuenrpamuii CO,, CHy, CO Ha craniun
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armMocdeproro mouutopunra CII6TY, pacmosoxkeHHoi
B 35 kM Ha foro-3amaja oT mentpa Caukr-Iletepbypra,
[IPe/ICTaBJISIOT 0COObI HHTepec, TaK Kak 10 70% rJo-
6aTbHBIX aHTPOIMOTEHHBIX BHIOPOCOB MPUXOJUTCA NMEH-
Ho Ha Meramosuchl [13]. Kpome Toro, Takoit MOHHUTO-
DUHT SIBJISETCS OJHUM W3 BaXKHEHIMNX 3JIeMEHTOB
yCIIeImHoro (pYHKITMOHNPOBAHNS HAIIMOHAJIBHON ceTn
KapOOHOBBIX TIOMUTOHOB [14], MOCKONBKY IO3BOJISET
clielaTh He3aBUCHMBIE OIeHKH MMOTOKOB TAapPHUKOBBIX
razoB [15]. Ilpenmosaraercs, uro cranmusa CII6TY,
pacmoJioskeHHas Ha TpaHuile JleHWHTpaJcKoil objacTu
u Cankr-Tlerep6ypra, 6y/JeT BXOJAUTb B COCTaB ILJIAHMU-
pyeMoro kap60oHOBOTO TosiuroHa <«Jlagoray [16].

Ilenb HacTosimelr paGoTbl — aHANIU3 Pe3yJbTaToOB
U3MepeHuil KOHIEHTPAIHil yTIepoJCOAepPKAIUX Ta30B
CO,, CHy (amBapp 2013 r. — ansapp 2020 r.) u CO
(anBapp 2013 1. — guBapp 2019 r.) Ans usyveHus ux
BpeMeHHO! M3MeHUYNBOCTH.

Marepuajbl 1 METO/bI HCCJI€/[OBAHUS

Crannuga atMochepHOTO MOHUTOPUHTA HAXOIUTCS
B 3manmax ¢usudeckoro dakyaprera CII6TY B Cra-
pom Ieteprode (59,88° c.ur., 29,83° B.4., 40 M H.y.M.)
(Pecypcnbiii nentp CII6TY «Teomogenb») [17]. Ona
pacriosiaraeTcs Ha paccTosHUM 3 KM oT (DWHCKOTO 3a-
JIUBa Ha TeppPacUpPOBAHHOI paBHUHE MeXIy OGeperoMm
@dunckoro 3amuBa u banrwmiicko-JlagoxckuMm ycry-
moM [18]. OcHoBHbIe anTpomnorennbie NcTOUHUKE CO)»,
CH; nu CO B6JU3U CTAaHIINN — Ta30paclipe/e/InTeb-
HbIe CHCTEMBI, JKIJble MaCCHBBI, TPAHCIOPT U OYUCT-
HbIe COOPY’KEHUS; eCTeCTBEHHbIE MCTOYHUKU — JOJITO-
MomiHble U carHosbie esosbie Jjeca (CO, m CO),
3a6omouennaa MectHoctb (CHy) [18, 19]. Ha Teppuro-
puH TpeobJafaoT IOT0-I0T0-3allaHble — 3aIa/lo0-IoTo-
samajapie Betpbl (30%) (puc. 1). TeHTpasbHast 4acTh
TOpo/la, PAcIooKeHHas K BOCTOKY OT CTAHITWH, SIB-
JIIETCST CaMbIM MOIIHBIM aHTPOIOTEHHBIM HCTOYHUKOM,
OTHAKO BOCTOYHbIE BETPbI, IMPHHOCIINE BO3IYIIHBIE
Macchl U3 ropoja, Habmogaorcsa pexe (20%). ITue-
Bble YCJIOBHSI Ha CTAHIUU [JOBOJIBHO PEIKH, CKOPOCTH
Berpa Menee 1 M/c Bcrpedaercss B 8% ciydaeB. Bouib-
Y10 4acTh BPEMEHNU CKOPOCTD BeTpa TpeBbimaer 1 M/ c:
or 1 1o 3M/¢c — 55%, or 3 10 5 M/c — 29%, BbIlle
S5m/c — 8% (puc. 1) [20]. Bpicokme KOHLIEHTpaluu
AHAJIM3NPYEMBIX Ta30B HAGJIOMAIOTCS TIPU TITUJIEBBIX
u GJU3KUX K IITUJIEBBIM ycJoBUSX: >450 ppm st
COy; >4 ppm gt CHy; > 350 ppb g CO.

Crarmonapsble JokanbHble udMeperuss CO,, CHy
u CO B atMocdhepHOM BO3/IyXe OCYIIECTBIISIOTCS Ta30-
anasmsaTopamu Los Gatos Research GGA 24r-EP u Los
Gatos Research CO 23r, pa6ora KOTOpPBIX OCHOBaHa
Ha MeToJle BHEOCEBOIl MHTETPAIbHOI BHYTPHPE30HATOD-
HOUl J1a3epHoii crektpockomuu [21]. Ouu ymoBseTBoO-
psaoT TpeboBaHUAM BceMUpHOIT MeTeopOJIOTHYECKOi
opranuzaiuun (BMO), ux ciydaiible IIOrpelIHOCTH,
ocpenuennbie 3a 5—100 ¢, cocraBmsor 150—50 ppb
st CO, m 1-0,3 ppb mmt CHy;  0,15—0,05 ppb mis
CO npu ycpeanenun 1—180 c¢ [15]. Boicokast TouHOCTD
TOJIy4aeMBbIX [JAHHBIX 006eCHeunBaeTcsl eXXKeHeleqbHOi
KanOPOBKOIl Ta30aHAIM3aTOPOB OTHOCHUTENBHO pPabo-

MWm=1lMc O>1-3M/c BE>3-3M/'c E>3M¢C
GO

270°

180°

Puc. 1. Posa BerpoB A1 crTaHOUU aTtMoc(epHOTO MOHH-
topunra CII6TY

4yero cTanaapra, noaroroBirennoro GIBY «I'TO» ¢ mo-
MOIIIBIO TIEPBUYHOTO JaGOPATOPHOTO CTaHAApTa U3 IeH-
TpaJbHOI Kanmu6poBouHoi abopaTopuu BMO.

PesyabTatel H 00CysK/AeHUE

Bpemennas usmenuusocms KoHuenmpauuii
2a306 NO 0aHHbIM JOKANbHLIX U3MepeHUil

HermnpepbiBHbBIE JIOKATbHbIE U3MEPEHNUS TIPU3EMHBIX
konnentpaiuit CO,, CH; m CO npoBoguauch ¢ mo-
MOIIbI0 Ta30aHATN3aTOPOB HauWHas ¢ sgHBaps 2013 r.
B nameii panneii pa6ore [22] 6bL1 mpeacTaBjieH aHa-
JIN3 KOHIIEHTpaInii BceX Tpex ras3oB ¢ gHBaps 2013 r.
mo suBapb 2019 1., B Hacrogmieil paboTe aHAIN3H-
pytorcsa koHuenTpaiuu CO,, CHy ¢ auBapsa 2013 r. no
ausapb 2020 1. (IecTb IOJHBIX JeT) U KOHIEHTPaIUN
CO c¢ guBapa 2013 1. no ausapp 2019 r. (marb mos-
HBIX JIET) C YYETOM CE30HHBIX OCIIMJLISIIHIA.

[Ipu anammse MHOTOJIETHUX TEHEHIIMII 4acTO WC-
TIOJIb3YIOTCS KOHIIEHTPAINH JCCIeyeMBIX Ta30B B IIe-
pPUOABI JHEBHBIX MIHHMYMOB, KOTAa OOGBIYHO HabJIio-
JlaeTcsl Pa3BUTBI TOTPAHWYHBIN cJiolt  aTMocdepsl,
BO3/[yX B KOTOPOM XOPOIIO TepeMeNiaH W BJUSHIE
JIOKATBbHBIX WCTOYHMKOB CBelleHO K MHUHuUMyMy [23].
Jlns ka0l HaGMIOaTeIbHOI CTAHIIUU TIEPUOJ [THEB-
HBIX MUHUMYMOB WH/WBU/yaJeH U 3aBUCHUT OT €€ Teo-
rpaduuecKoro MecTonosoKeHusi. IlpuBeseM mpuMepbI
TaKUX IePHOJAOB JJIS Pa3jIMYHbIX cTaHiuii: 1) ¢ 15:00
no 17:00 mo w™ectHomy BpeMenu, Kanama [24];
2) ¢ 13:00 mo 16:00, dmonua [25]; 3) ¢ 13:00 no
17:00, 3amagmas Cubups [6]; 4) ¢ 12:00 go 17:00,
Dpannug [26].

Han6omee moaxomsgmmuM Ta3zoM AJS OMpeleeHus
mepuojia JHEBHbIX MUHUMYMOB st c¢t. CII6TY sBisi-
eTcsl MeTaH, HWHTEHCUBHOCTh WUCTOYHHKOB U CTOKOB
kotoporo, mo cpaBHenuio ¢ CO, u CO, B MeHblei
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CTelleHH TIo/[Bep)KeHa CYTOYHBIM BapmaiusaMm. Ha nHes-
Hyl0 HU3MeHYuBOCTh KoHleHTpauuii CO, (B JeTHee
BpeMs) CYLIECTBEHHBIM 06pPa3oM BJIUSIOT IPOIECCHI
dorocuHTe3a U AbIXaHUA IKOCHCTEM, a CYTOUHBIH XOf
xoHnenTpanuu CO ompe/esngercss aHTPOIOTeHHBIME HC-
touHukamMu. C y4eToM pe3ysbTaToB paboTbl [27] Hamu
paccMaTpUBATINCh CYTOUHbIE BapHallll KOHIIEHTPAIUil
CH,; B remnbie cesonbl (Mail — cents6pp) ¢ 2013 mo
2019 r. Bpio ycraHOBJI€HO, UTO B TeueHUe BceX IIeCTH
JIeT U3MepeHuil AHeBHOI MUHUMYM KoHUeHTpanuii CHy
Habuoanca B mepuox ¢ 15:00 mo 20:00. ITomyueHHbII
pe3yJIbTaT COBIIAJaeT ¢ BPEMEHHBIM HMHTEPBAJIOM, OIIpe-
JleJIeHHBIM 11 cT. Boeiikoso (59,95° c.u1., 30,70° B.x.)
B 1995—-2000 rr. [23].

Jlns anarmmsa 6blI0 HEOOXOAUMO IIPOBECTH IIpeji-
BapUTEJbHYI0 06paGOTKY pe3yJIbTaToB HN3MepeHHil.
Ha mepBoM aTamle ocymmecTBIsAIACh (PUIBTPAIHS JIaH-
HBIX OT CJIyYaifHBIX IIPOMaxoB, Jlajiee PACCYUTHIBAINCH
JIHEBHbIE Me/MaHHbIe M MUHHMAaJbHble KOHIIEHTPAINU
CO,, CH4; u CO ¢ 15:00 mo 20:00 mo mMecTHOMY Bpe-
Menu. Eme pa3 mnoguepkHeM, 4TO I1eJ1eCOO6PA3HOCTD
UCTIOJIb30BAHNUS €IHHOTO JUIST BCeX Ta30B aHAJIHU3UpYe-
MOTO Tepuoja 00yCJIOBJIeHA TeM, 4TO B 3TOM CJydae
PETuCTpUpyeMble KOHIIEHTPAI[UN OTHOCATCSI K OJHUM
U TeM JKe BO3/AYIIHBIM MaccaM,/MeTeopOJIOTHYECKUM
YCIIOBHAM.

T'odoesvie sapuavuu Konuenmpauuii

PasMax TOMOBBIX JHEBHBIX MeJMAHHBIX U MHHH-
MaJIbHbIX Bapuanuii koHuentpaiuii CO, (Bapuant A,
tabm. 1) cocrasun 27—33 ppm, CH; — 36—79 ppb,
CO — 63—110 ppb. CpaBHuB moJsiydeHHble 3HAYEHUST A
U pa3Max TOJIOBBIX BapHallWili CYTOYHBIX MeJUaHHBIX
U MHUHUMAJbHBIX KoHIeHTparuii [22] (Bapuanr B,

ta6i. 1), JIerko 3aMeTUTb, 4TO Pa3bpoc 3HaveHuil b
JIIST HEKOTOPBIX Ta30B GOJbINEe, YeM 3HAUEHW A.

Pazamy mMeskny A m B MoXHO OGBSCHUTH He-
CKOJIBKMMM TpUYMHaMu: 1) BeMYMHBI A TIOJyYeHbI
IpH u3ydeHuU (HOHOBLIX 3HaueHHit ¢ 15:00 mo 20:00,
KOTJla BO3/yX XOPOIIO IepeMellaH U BJIUSHHE HCTOY-
HUKOB CBEJIEHO K MUHUMyMy; 2) B ciydae B paccMat-
pUBATHCH He TOJIBKO (POHOBBIE, a BCE pPe3yJIbTaThl W3-
MepeHnii, HampuMep B gHBape 2016 r., korma u3-3a
HU3KUX TeMIepaTyp W MITUJIEBBIX YCJIOBUN HabI0/a-
JINCh BBICOKME KOHIEHTPAIINH BCeX TpeX Ta3oB [22].
Taxum o6pa3oM, 3HaueHUsT B oTpakaoT Takske BIHS-
HUEe aHTPOTIOT€HHBIX NCTOYHUKOB.

g CO, 3navennss A u b comocTaBUMbBI KaK Me-
KAy co0oil, Tak U CO 3HAYEHHSIMH B JPYTUX TOYKaX:
Tukcu [4], O6uunck [9], IMToabmia [28], ceBepo-3aman
Opannnu (C3®D) [26], 3anagmasa Cubups [5]. dna
CH, pasnuna mexxay A u B cymecrBenHa, 3HaueHua b
MOTYT B IIeCTh pa3 MpeBbImaTh 3HaueHnsa A. [Ipu aTom
pasMax TomoBbix Bapuanui (B) Ha Hamel craHuuHI
COTIOCTAaBMM C pa3MaXxOM TOJOBBIX Bapuaiuii B OOGHUH-
cke [10], 3amagnoit Cubupu, sa C3®D u B Ilosbie.
[lna CO pasHuila Takke 3aMeTHa: 3HaveHund B Moryt
6BITh TIPUMEPHO B JBa pasa Gousblre, yeM A. Ilomy-
YeHHble 3HAUYeHUs pa3MaXa TOJOBBIX BapHalmii A
COIIOCTAaBUMBI €O 3HadyeHusMHU g OO6GHmHCcKa [11],
C3® [26], HO Menbuie B 1,5—2 pasa 3HaUYeHUU I
[Tospmmu [28].

Anaaus mpendos Konuenmpavuii 23086

AHamM3 TPEHJIOB KOHIIEHTpAIMil Ha CTaHIUU
CII6TY 6bin mpencraBien B pabote [22], rae amamm-
3upyiotcs gauHble 3a 2013—2018 rr. gua CO,, CHy
u 3a 2013—2017 rr. — gma CO (taba. 2).

Ta6auma 1

Pasmax rozoBbix Bapuaimii konnentpauuii CO,, CH; u CO

Tuxkcw, 3amagnas Cubupp,| OOGHHHCK, C3D, IMosbma,
Tas A B [22] |2010—2017 rr.| 2001—2008 rr. |1998—2014 rr.{2011—2018 rT. | 2005—2008 TT.
[4] [9, 10, 11] [26] [28]
CO,, ppm | 27-33 19,6-37,4 34,4—47,6 22-24 22 21 21-25
CHy, ppb | 36—79  24—248 — 100—250 112 70 64—88
CO, ppb | 63—110 76—186 — 102 80—90 130—200

Ta6bauima 2

JluHeiiHble TPEHIbI CYTOYHBIX M JHEBHBIX MeJIHAHHBIX U MUHUMAaJbHbIX KoHlIeHTpamuii CO,;, CH; u CO u ux crangapTHbie

OIHUOKH
JIMHeHHBIH TpeH.T JIuHelHbI TpeH + Ce30HHbIEe OCIIUJIISAIIIN
2013—2018 rr. 2013—2019 rr. (CO,, CHy), NOAA | C3® | Mocksa p®
Tas, en. (CO,, CH,), 2013— 2013—2017 rr. (CO) [global] 2011— | 2005— | 07.2010—
HU3MepeHuda 2017 . (CO) [22 32, 33 , 2018 rr. | 2014 rr. | 06.2018 1T
rr. (CO) [22] Metox JIC Mertox CCGCRV Global [34]]  [26] [12] (35]
MeJ | MUIH MeJ | MUH | MUH
CO», 2,37+0,12 2,34+0,12 2,42+0,05 2,36+0,05 _ _
ppm/tog | 243 0,59%)  (0,58%)  (0,60%)  (0,59%) >4 2,35
CHg, 8,6+0,6 8,8+0,5 8,6 +0,4 8,8+0,3 _ _
ppb/roa | 28 88 (049%)  (0.50%)  (0.49%)  (051%) 7 885
CO, -3,6£0,9 -1,4+0,5 -3,8+0,2 -1,0+0,2 140 . _a o . o
ppb/rox | 60 3,2 (-2,1%)  (-0,5%)  (=2,2%)  (-0,3%) L% 0.22 3,6% 0,66%

II puMedYaHHUe. B cko6kax YKa3aHa CKOPOCTb pOCTa KOHIEHTpaluu.
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B ornmume or Hactosmieit paboThl, B cTaThe [22]
ObLIM TIPeJCTaBJIeHbl TMOJHbIE MacCUBBI AaHHBIX (Cy-
TOUHble MeJMaHHble U MUHUMAJbHbBIE), a caM aHa/IU3
TPEH0B IPOBOAMJICA 6ojiee MPOCThIM MeTogoM (JIMHEi-
Has perpeccus 6e3 yduera rapMOHUYECKHX (DYHKIUiL).
B aroit pa6ore aHaIM3NPOBAINCDH JHEBHBIE MeINMaHHbIE
1 MuHIMaJIbHbIe 3HaueHuda CO,, CH, 3a 2013—2019 rr.
u CO 3a 2013—2017 rr. Kpome Toro, A/ aHaIH3a JIJIH-
TeJIbHBIX HaOJI0/IeHUIl NCTI0Ib30BAJNCh TPEHI U CE30H-
HbIe OCIIHJIISIIINH.

PesysbraThl, TpecTaBJeHHbIE B psiie pabor, Io-
Ka3bIBAIOT, YTO [JI [APYTHX CTAHI[UH WMCCIed0BaTeN N
MpHUBJIEKAJN Pa3JndHbiil Ha6op rapmoHuk [9—11, 29].
B [29] yuutbiBanuch rojioBas U IMOJYTOJOBasi rapMo-
Hukd, B [9—11] — 1m6o Bce mMoTydeHHBIE TapMOHUKU
(ot 3- g0 126-MecsuHOIl), MM6O TOABKO 4YacThb B 3aBU-
CHUMOCTH OT TOTO, KaKHe XapaKTePUCTUKH aHAIN3HPO-
Bajmch (MUHUMAJbHBIE, CTJIa’KeHHbIe (DOHOBBIE WJIN
CEe30HHbIE).

C menbio omenku Tpenjaa kouieHTpaiuit CO,,
CH; m CO O6bL1a TpoBe/leHAa WHTEPIOJANUS PSIOB
JAHHBIX Ta30B C yYETOM DPE3YJIbTATOB TapMOHUYECKOTO
anammsa MerogoM Jlom6a—Ckapria (JIC) [30], B pe-
3yJIbTaTe KOTOPOTO GbLIO TOy4eHo, YTO Haubojee 3HA-
yuMa TojioBag rapMoHmKa. (DopMyJia [/ allpOKCHU-
MaIluu PsIJIOB UMeeT BUJT

y(t) = A+ Bt + CcosQnfit) + DsinQ2nfit), (1)

rae t — Bpemst, aun; A + Bt — nuHeldHBIN TpeHn; i —
yactota (rogoBas rapmonuka); C, D — KOHCTaHTBI
JUIST KasKJOH paccMaTpUBaeMoil YacTOThI OCIIUJIIAIINN.

Koappumuenrsr A, B, C u D B ypasuenun (1)
OTIpeJIe/ISIINCh ~ METOJOM  HaWMEHBIINX  KBaJpaTOB
(MHK) [29]. Tak, B — 2T0 HaKJIOH JTMHEHHOTO TPeH/Ia
JUId aHAIM3UpyeMbIX psajgoB KonneHtpaimit CO,, CHy
u CO.

ITockobKy B paboTe UCIIOJIB30BAINCH COBMECTHO
metoner JIC u MHK, 1o nanee 6yneM ymoMuHaTh X
kak mertop JIC.

Jl1 cpaBHeHUs MBI TIPUBOJNM JaHHbBIE MPOTPAM-
Mt CCGCRYV [4, 26], B xoTopoil peann3oBaH MeTOJ
Thoning et al. [31] (manee merox CCGCRV) (cm.
TabJ. 2).

Yenexucavul 2a3. Jlna olleHKW TPeHIOB KOHIIEH-
tpamun CO, paccMaTPUBAINCh MACCHUBBI MeIHaHHBIX
U MUHUMAJIbHBIX [HEBHBIX 3HAYEHUIl KOHIIEHTPAIIUU
CO, (takuMm xe o6pasoM paccMarpuBaanck CO
n CHy). Ilo meromy JIC ckopocTb pocTa MeanaH-
HBIX JHEBHbIX KoHIleHTpanuii CO, Ha c1. CII6TY
B 2013-2019 rr. cocraBuima 2,37 £0,12 ppm/Toj
(0,59%/ron), MuHUMAIBHBIX — 2,34+0,12 ppm/Togx
(0,58%,/Ton); mo meromy CCGCRV — MeanaHHBIX —
2,42+ 0,05 ppm,/Tox (0,60%,/Tox), MUHMMAIBHBIX —
2,36 £ 0,05 ppm,/Tox (0,59%/rox) (puc. 2, Tabm:. 2).
B o6oux cay4asx MbI MOJYYUIH, YTO CKOPOCTb POCTA
MeJIMaHHBIX 3HaUYeHUH OOJIbIIe CKOPOCTH pPOCTa MUHU-
MaJIbHBIX 3HAYeHUH, YTO, MPEATOJOKUTENbHO, 00bsIC-

HgeTcsa 6ojiee OBICTPBIM yBeJIMUeHNEM WHTEHCHUBHOCTH
JIOKAJBHBIX U Me30MacIITaOHbIX HMCTOYHUKOB B paiioHe
ct. CII6TY mo cpaBHEHUIO € PErHOHAJbHBIMH U TJIO-
6aTbHBIMI MCTOYHUKAMU. [IpH 3TOM CKOPOCTh poOCTa
B 9TOT ’Ke IepuoJ B rjaobaabHoM MaciuTabe (cpejHee
sHaueHue s craHimili NOAA, Ta6u. 2) cocraBmia
2,47 ppm/Toz [32], 94TO COMOCTaBIMO ¢ TOTyYeHHBIMH
HaMI MeJMaHHBIMHM 3HAaYeHHSIMH, a CKOPOCThb POCTa,
nosydyentas Ha C3M 3a 2011-2018 rr. (taba. 2), co-
oCTaBUMa C MUHUMAJIbHBIMU 3HAUEHHSIMU Ha CTaH-
i — 2,35 ppm/rozx [26].

Meman. Ilo merony JIC ckopocTb pocTa MeauaH-
Hbpix 3Havenmii CH, Ha Hameli CTaHIIMU COCTaBIJIA
8,6 +0,6 ppb/Tox (0,49%/Troa), MHUHMMAIPHBIX —
8,8+0,5 ppb/Tox (0,50%/Tox); no merony CCGCRV —
MeanaHHbIX — 8,6+ 0,4 ppb/Tox (0,49%/Tox), MuHU-
MaabHbIx — 8,8 +0,3 ppb/Ton (0,51%/Ton) (puc. 2,
taba. 2). B o6onx ciaydasx CKOPOCTb pocTa MHHH-
MaJIbHBIX 3HaYeHUil 6GOJIbllle CKOPOCTH pOCTa MeuaH-
HBIX 3HAYEHUIl, YTO, TPEAMOJJOKUTENbHO, OOBICHIETCS
6osiee OBICTPBIM yBeJUYEHHEM WHTEHCUBHOCTH PEruo-
HaJbHBIX U TJI06AJbHBIX WCTOYHHUKOB. TpeHa MUHHU-
MaJIbHBIX 3HAYeHUil XOpOIIO COIOCTaBUM KaK C H3Me-
HEHUSIMH KOHIEHTpAIlMi MeTaHa B TJI0O6aJTbHOM Mac-
mrabe — 1o JaHHbIM ceTh NOAA KOHIIEHTpaIus
MeTaHa M3MeHsJIach co cKopoctbio 8,7 ppb/rox [33],
TaK W ¢ pe3yJbTaTamu, moJydeHHbBIMU Ha C3D, T7e
tpeng, CH, cocrasui 8,85 ppb/rox [26].

Momnooxcud yeaepoda. CrOpPOCTh M3MEHEHUS
kounentpanmnun CO 3a Bech mepmox (2013—2017 rr.)
oTpuniatesnbHas: o Meroay JIC ona cocraBuia -3,6 +
+0,9 ppb/Tox (-2,1%/Tox) mna MeamaHubx; —1,4 +
+0,5 ppb/Tog (-0,5%/Toa) A1d MUHNMaJIbHBIX 3Ha-
yenuit (puc. 2, Tabn. 2); mo meromy CCGCRV —
-3,8+0,2 ppb/Tox  (-2,2%/Tom) AN MeaWaHHBIX,
-1,0+0,2 ppb/rox (0,3%/ron) a1d MUHHMAJIbHBIX
sHavennit (puc. 2, ta6m. 2). O6a Meroga gamu 6an3-
KIle Pe3yJIbTaThl, IPU 3TOM TPEH/I PA3HOCTH MeINaHHBIX
U MHHHUMAJIbHBIX 3HaueHWii cocraBui -2,2 ppb/Toj
(JIC) n -2,8 ppb/Ttox (CCGCRV), uTO CBUjJETEIBCT-
BYeT O TIOCTEIIEHHOM MOHIKEHNN YPOBHS 3arpsi3He-
HUSI TOPOJCKOIT aTMocdepbl MOHOOKCHIOM YIJIEPOa,
CBgI3aHHBIM ¢ OOGHOBJeHWeM aBTomapka B CaHKT-
[TerepGypre. V3MeHeHle MIHUMATIbHBIX 3HAYEeHUIl CO-
MMOCTAaBUMO € W3MeHeHHeM KOHIIEHTpAIliU Ta3a B TIJIO-
6ambaoM Macmrabe (Global), -1,1%/rox (2002—
2011 rr.) [34], a Takke ¢ M3MeHEHHEM KOHIEHTPALIL
CO B Poccun ¢ umiona 2010 mo umonn 2018 r. (PO,
taba. 2), TpeHa kortopoil coctasun —0,66%,/Tox [35].
HecMmoTpst Ha Xopolilee corjiacie HAIlX pPe3yJbTaToB
nmo CO, u CHy c¢ pamnbiMu crannuu Bo Dpanimun,
TpeHa MHUHUMaabHbIX 3HadeHuit CO na cr. CII6TY
6oJiee BbIpaskeH, Torjga Kak Ha cT. C3d TpeHI KOH-
menrpaiu CO cocrasuwn —0,22 ppb/rox [26]. Tpenj
CO 1o MeIuaHHBIM 3HaYeHUSIM GJIM30K K Pe3yJIbTaTaM,
nosrydeHHbIM B Mockse 3a 2005—2014 tr. (cMm. Tabn. 2),
-3,6%,/Tom [12].

AHa/M3 KOHIEHTpaIUii YIIepo/ICcoAepKalluX ra308 Ha craHuuu atMocgeproro Mouuropurra CII6TY 937



JlanHne

AnnpokcHMHpYIONan

Jhineiinstii Tpen

Maa 12 |

1) [

+ AR A e ae

kot

ettt

S

370

2013 2014 2015 2016 2017 2018 2019 2020 2021 r.

2016 2017 2018 2019 2020 2021

a

2080

2013 2014 2015 2016 2017 2018 2019 2020 2021 r.

2016 2017 2018 2019 2020 2021

50

370

2013 2014 2015

2080

qdd YHD

1860

2013 2014 2015

100

50

2013 2014 2015 2016 2017 2018 2019 2020 2021 r.

2013 2014 2015 2016 2017 2018 2019 2020 2021 r.

Puc. 2. Meauannble (J1eBblil cTOIOMK) U MUHUMAa/IbHbIe AHeBHbIe (mpasblii croi6uk) konuenTpauuu CO, (a), CHy (6) ¢ ausaps
2013 r. 1o auBapb 2020 r. u CO (8) ¢ auBaps 2013 . no suBapb 2019 I.; UX TPEHBI C YIETOM OCHULIAIUN; AMIPOKCUMUPYIONIAsT

(byHKIlI/IH CKOPOCTH pocCTa

®oka C.Y., Makaposa M.B., Ilo6eposckuii A.B. u ap.

938



Amuccuonnoe coomnowenue CO/CO,

OmuH u3 croco60B ONpeeeHus] THIIA UCTOYHU-
KOB, XapaKTepHBIX [JIsI MECTHOCTH, — pacyeT 3MUCCH-
OHHOTO COOTHOIIIEHUSA 7. DTO BO3MOKHO B TOM CJIyYae,
€CJIi PacCMaTPUBAIOTCS Ta3bl ¢ OOUIMMU UCTOYHUKAMMU,
nanpumep CO u CO,. [lyig HaXOXK/eHNUS BEJUYUHBI ¥
UCTIOJIb30BAJIOCH OTHOIIEHNE M3MEePEHHBIX TIPEBBINTeHNiT
kornentpannn CO (ACO, ppb) n CO, (ACO,, ppm)
OTHOCHUTETbHO (POHOBOTO YPOBHS:

r = ACO/ACOs.. 2)

[To mpmumHe TOTO, YTO B TEIJIOE BpeMs ToJa Cy-
IeCTBEHHOE BIUSHNE Ha KOHIEHTPAINU Ta30B, KPOMe
AHTPOTIOTEHHBIX HMCTOYHUKOB, MOTYT OKa3blBaTh WU €C-
TECTBEHHbIE WCTOYHUKU, MBI PAcCMATPUBAIN JIHIIh
MACCHUB JaHHBIX 32 3UMHMUII IEPUO/], [IJII KOTOPOTO Xa-
PaKTepHO [OMUHUpYIOllee BJMSHUE AHTPOIOTEHHBIX
smuccuii. [Ipu paccMoTpeHUE MaccuBa JaHHBIX 32 He-
ckospko ger (2013—2019 rr.) cpeanee 7co co, = 6,5 +
+1,4 ppb/ppm.

Panee B pa6ote [15] 6bLT IpoBeieH aHAIN3 HMHUC-
CHOHHOTO cooTHomeHus r aag ct. CII6TY mo asmmu3o-
JlaM HOYHOIO HakoIleHus. Pesyibrar, I0JIyYeHHBIi
B HacTosmlell paboTe, CPaBHUM C JaHHBIMH, OIYOJIITKO-
BaHHBIMH B BbIIIeynoMaHyToll crathe (¥ = 8—24) [15].
3uauenus ¥ 1751 cranimu CII6TY cOOTBETCTBYIOT HMHC-
CHOHHBIM COOTHOIIEHUAM, XapaKTePHBIM [T BBIOPO-
coB aBroTpaHcmopra (5,68—10,84) [36]. Oum Taxxe
aHAJOTUYHDBI BeJIMYMHAM, TMOJYYEHHBIM IMPH AHTPOIO-
TeHHBIX 3arpsi3HEHUSX, Hampumep 3umoil B Hama-
namosmce (7 +1) [37], HIseitmapun (7,3+0,1) [38]
u Ceyse (9,1) [39]. Takum o6pa3oM, Halu pe3yJibTa-
TBI TOATBEP:KIAIOT, YTO ABTOTPAHCIIOPT SIBJIAETCI JIO-
MUHHUDYIONIUM aHTPOTIOTEHHBIM HCTOYHUKOM, BJIHSIIO-
UM Ha COCTaB arMochepHOro BO3[yXa B palioHe
craunuu Mouutopuura CII6TY. IlosydyeHHbIe JaHHBIE
MPUMEHSIOTCS TIPU OIIEHKe 3MICCHUil YIIepoacoepsKa-
mux razoB ¢ Teppuropun Caukr-Iletep6ypra.

3akaoueHnne

B nacrosmieii pa6oTe TpoBeieH aHAIN3 Pe3yJIbTa-
TOB H3MepeHHil KOHIIEHTPAIUU YTJepPOICOIepP KAIIIX
razoB CO,, CHy ¢ guBapa 2013 r. no suBapp 2020 r.
un CO c suBaps 2013 r. o auBapb 2019 r. Ha cTaHIUN
atmocdeproro mMoumtopuara CII6ITY. Anamms gHeB-
HBIX MeJMAHHBIX 1 MUHUMAJbHBIX 3HAUEHUIl ¢ yyeToM
Ce30HHBIX OCUMJLIALUN B BUJe OAHON T0OJ0BOIl rapMo-
HUKHI IIO3BOJIIJI YJYUHIUTh TOYHOCTb IOJIyUYE€HHBIX Be-
JuyuH. Pa3Max To/0BBIX BapHalllii KOHIEHTpaInii
CO, cocraBun 27—33 ppm, CH; — 36—79 ppb, CO —
63—110 ppb. ITo Meroay JIC MeananHble 3HAYEHUST UX
JINHEHHBIX TPeHAO0B cocraBmwan: 2,37 +0,12 ppm,/To,
8,6+0,6 ppb/Tox, -3,6+ 0,9 ppb/rox  coorBerct-
BEHHO, a MUHUMAJIbHblE 3HAYEHWd JUHEHHBIX TpeH-
JgoB — 2,34+0,12 ppm/Tona, 8,8+0,5 ppb/Tox, 1,4 +
+0,5 ppb/rox coorBercTBeHHO. MeanaHHbIe 3HAYECHUS
muneiHbIX TpeHa0B CO,, CH; u CO, HaiinenHble Me-
togom CCGCRYV, cocraBuwan 2,42 +0,05 ppm,/Toz,
8,6 +0,4 ppb/Tox, -3,8+0,2 ppb/Ton  coorBerct-

BEeHHO, a MX MUHUMaJbHble 3HaueHuss — 2,36+
+0,05 ppm/rozx, 8,8+0,3 ppb/Toa, -1,0+0,2 ppb/Tox
COOTBETCTBEHHO. Bce OIeHKN TpEHIOB, MOJIy4YeHHBIE
metogamu JIC 1 CCGCRYV, comoctaBuMbI B TIpesiesiax
MOTPEITHOCTH. JIMHelHble TPeHIbl I CTAHIIUU aTMO-
ceproro mouutopunra CII6IY ¢ ydyeToM morpenrao-
CTH COTIOCTaBUMBI CO 3HAYEHHUSAMHU TPEHIOB, MpeICTaB-
JICHHBIMU B JIUTEpaType, Kak TJI0GaTbHBIX,/(DOHOBBIX
U3MeHeHUll, TaKk W M3MeHeHUil Ha ypOaHU3NPOBAHHBIX
TEPPUTOPUSX.

Cpeatee 3HaueHHE 3SMUCCHOHHOTO COOTHOIIEHHS
7co,/CO,, OlleHeHHOe 1o u3MepeHusM CO u CO; B 3uM-
Hee BpeMst (stHBapb 2013 1. — suBapp 2019 r.), cocra-
BuwiIo 6,5+ 1,4 ppb/ppm. AHajiu3 5TOr0 COOTHOINEHIMS
TMOATBEPAWJ, YTO JOMHHUPYIOIIUM aHTPOIOT€HHBIM
UCTOYHUKOM, BJUSAIONINM HA COCTaB aTMOC(epPHOTO BO3-
nyxa B pafione ctanmuu Mouutopuura CII6TY, aBmd-
€TCsI aBTOTPAHCIIOPT.

DuuancupoBanue. lI3MepeHusr BbBITIOJHEHBI Ha
ob6opynosanuu PII CII6I'Y «Teomomenns. Mccaemosa-
HUSI TPOBe/leHbl Tipu duHaHcoBoil moagepxkke CIIGTY
(rpant Ne GZ_MDF_2023-1, ID pure 101662710).
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In order to study temporal variations in the mixing ratios of greenhouse carbon-containing gases and
factors influencing them, local measurements of CO,, CH; (January 2013 — January 2020), and CO (January
2013 — January 2019) mixing ratios in atmospheric air at the St. Petersburg State University station are ana-
lyzed. For this analysis, the trend and seasonal oscillations are taken into account. Linear trends for CO,, CHy,
and CO, which are 2.42 ppm,/year (0.60%), 8.6 ppb/year (0.49%), and -3.8 ppb/year (-2.2%), respectively, are
in a good agreement with independent estimates for both global/background changes and changes in urban
area. The analysis of the CO/CO, emission ratio confirmed that motor vehicles are the dominant anthropogenic
source affecting the composition of atmospheric air in the area of the St. Petersburg State University monitor-
ing station. The results presented in this work can be used for validation of atmospheric models, as well as for

independent estimations of greenhouse gas fluxes.
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