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BoccraHoBileHne cpefHeil 1o BbICOTe KOHIIEHTPAINN YIJIEKUCJIOTO Ta3a BBIIOJHEHO C MOMOIIbI0 pa3paGoTaH-
Horo B YHusepcurere r. bpemena WFM-DOAS aiaroputma Ha ocHoBe gaHHbIX crnekrpomeTpa SCIAMACHY, xo-
TOpBIil ycTaHOBJIEH Ha 6OPTY HccJeJoBaTeIbcKoro ciyTHHKa «Envisats. IlpuBegeHo cpaBHeHIe IIOJY4eHHBIX JaH-
HBIX C pe3yJbTaTaMH CaMOJIETHBIX M3MepeHuil fa aByxX paitonos 3anaguoit Cuéupu (rr. Cypryt u HoBocuGupck,
2003 r.). BoccraHosiennblii BpeMerHoit xoa konmentpaimun CO; Ka4eCTBEHHO XOPOIIO COBIAJAET € JAHHBIMH Ca-
MOJIETHOTO 30HANPOBAHNS B TEILTBI MepHoJ Tofa M CIVIBHO 3aHIDKEH IpH HATMINN CHEXXHOTO MOKpoBa. O6Cy:X-
JAI0TCS BO3MOXKHOCTH yayulieHns touHoctn WFM-DOAS aaropntMa.

Beeaenne

C Havajga WHIYCTPUATHHOTO PA3BUTUS 0ObeMHAS
KOHIIEHTPAIUST VTJEKHUCJIOTO Ta3a B atMocdepe YBelu-
umtach mpu6mmsuTe pHo ¢ 280 10 380 Man . B cBasm
¢ BuganeM CO, Ha KJIUMAT CyIecTByeT He0OX0UMOCTb
KOHTPOJIF €T0 co/lep;KaHus B MacliTabax Beeil TJIaHEeThI.
B mapre 2002 r. EBpomneiickuM KOCMUYECKUM areHTCT-
BoM (ESA) 6bL1 3alylleH KCCIeJ0BaTeIbCKUI CIyTHUK
«Envisat» ¢ ycranoBieHHBIM Ha 6OPTY CIIEKTPOMETPOM
SCIAMACHY (Scanning Imaging Absorption Spec-
trometer for Atmospheric Cartography) [1, 2]. Oxaum
W3 Ha3HaAueHUi 3Toro mpubopa SBISAETCS OlpejeeHle
cpeflHell TI0 BBICOTe KOHIIEHTPAIINH YTJEKHCJIOTO Ta3a
B arMocepe (XCO,). I10 HOBasg 061aCTh KOCMHYECKOTO
MOHWTOPHHTA, U TIOKA €Ille TPYAHO TOBOPUTH 0 HAJEKHO-
cTH MoA06HBIX u3Mepenwuii. MamenunBocth XCO, Maa.
Hampumep, mo mamabiM [3] ammautyga kosrebGanus
XCO; oTHOCUTETHHO TPEH/Ia B Te€UYeHHE Tojla paBHA 7—
10 Mman~' B 3aBHCHMOCTH OT TreorpadpuyecKoro paiiona
1 conoctaBuMa c ormm6kamu uaMepernit SCIAMACHY [4].

PaspaboTka u oT/IaJiKa METOUK OTIpe/ie/IeHUs] KOH-
neraTparmn CO, MO CIYTHUKOBBIM U3MepEHUsIM Tpeby-
0T GOJIBIIIOTO KOJMYECTBA OIMOPHBIX JAHHBIX OTHOCH-
TeJbHO BpEMEHHOW U MPOCTPAaHCTBEHHON M3MEHYHMBOCTH
KOHIIEHTPAIMil YTJIeKUCIOTro ra3a B atMocepe 3eMJu.
/lo HelaBHETO BpeMEHU MCTOYHUKOM 3TUX JAHHBIX SIB-
JISUTUCH PE3YJIbTAThl PACYETOB MO MOJAEISAM TI0GATBHO-
ro kpyroo6opora yriaepoaa [5, 6], koropble, B cBOIO
ouepelb, MOKa JajleKnl OT coBepliieHcTBa. Tak, cormac-
HO pesy.brataMm MogemupoBanmsa u3 6—7 mupa 1 (I'r)
yIJIepojia, eKeToIHo mocTytaoiiero B atMmocdepy ¢ CO,
B pe3yJbTaTe aHTPOTIOTEHHOM nedreabHocTd, 3 I'T yrie-
poma octaercsa B arMocdepe, 2 I'T mormomaercsa okea-
HOM, a «cyab6a» pasHoctm (1—2 I'T) ocraercss Hems-
BECTHOII.

CyliectByeT oIpejieJieHHass OMNACHOCTb, 4YTO Ha-
CTpO¥iKa CIYTHUKOBBIX AJITOPUTMOB OIpeNeTeHUsI CO-
nep:xanua CO; B atMocdepe TOMBKO MO pPaCUETHBIM
JIAaHHBIM TIPUBEJET K MOPOYHOMY KPYTY, KOTJa OUTMOKU
MojieJieil BBI30OBYT COTJIACOBAHHBIE OIMUOKU B WHTEPIIpe-
TAI[MM CIYTHUKOBBIX JAaHHBIX, a 9TO, B CBOIO OYEPE/b,
3aTPYIHUT COBEPIIEHCTBOBAHUE CAMUX YTJIEPOTHBIX
Mozeneit. Oco6eHHO aKTyaTbHO 3TO 0OCTOATENBCTBO IS
30HBI CEBEPHBIX IIMPOT, TAe corTacHo [S] u mpoucxo-
AT MOJEJbHBIN HeAOyJeT TMOTJIONIEHUI YMOMSIHYTBIX
Boime 1—2 I't yriepoga 60peaapHBIMU JecaMi.

B cBsisu ¢ aTUM GOJBIIYIO IIEHHOCTD MPECTABJISI-
0T HOBble HE3aBUCHMbBIE Pe3yJIbTAThl CAMOJETHBIX H3-
Mepenuii koHueHTtparuit CO,, moaydyeHHble HaJL 3a-
naguoit Cubupsio [7—9], KoTopble MOTYT OBITH UCIIOJIb-
30BaHBI s Pa3paGOTKU U TECTUPOBAHUS CIIyTHUKOBBIX
anroputMoB. [ToTeTsl mpoBoAMINCH B TeUeHHUe Tofa Hal
rr. Cypryr u HoBocubupck oauH pa3 B Mecdl], Ipo6o-
oT60p atMochepHOTrO BO3AYyXa OCYIIECTBIAICST Ha 8 BbI-
coTax B Auamnasone or 0,5 1o 7 KM.

[Ipu oTinajke CIYTHUKOBBIX AJITOPUTMOB BOCCTa-
nHoBieHus: XCO, B pa3IMyHBIX YCIOBUSAX Ype3BbIUANTHO
MOJIE3HON ABJIAETCA WHMOPMAIUSA O COCTOSIHUU 00Tad-
HOCTH ¥ CHEXHOTO TOKPOBa B PaccCMaTpUBAEeMOM Teo-
rpadpudeckoM paitoHe. JTH JAaHHBIE MOTYT OBITH TOJIY-
YeHbl M3 apXWBa HA3eMHBIX HaOMIOAeHUI Ha CTAHIUSIX
Poccuiickoii MeTeopoJIoTu4ecKoil cIy:KGbl, pa3MelleH-
HOTO Ha OTKPBITOM I ToJb3oBareneir cepBepe «llo-
roga Poccum» [10].

B macrogimeii craTbe maeTcsad KpaTKoe OTHCAaHUE
aJTOpUTMa, UCMOJIb3yeMoro A7s BoccranoBaenus X CO,
mo pauHbiM SCIAMACHY. IlpuBenennt nepBble pe-
3YyJIBTATBI €T0 pUMeHeHus 17151 paitonoB Cypryta u Ho-
Bocu6bupcka (2003 r.), 419 KOTOPBIX UMEIOTCA JAHHBIE
caMOJIETHBIX u3MepeHuit [7—9].
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1. CIyTHHKOBBIi CIIEKTPOMETP
SCIAMACHY

Cnexrpomerp SCIAMACHY [1, 2] ycranosJieH Ha
6opry cuytHuka «Envisaty. CoyTHUK MMeeT MOJSPHYIO
COJTHEYHO-CHHXPOHHYIO OPOHUTY €O CcpelHeil BBICOTOI
HaJ TOBepXHOCThIo 3eMan okoso 800 kM. Opbura cmyT-
HUKAa TlepecekaeT 3KBaTop B yTpennne 4achl B 10:00 mo
MECTHOMY BpeMeHHU. YTOoJI HaKJOHa OPOUTHI K IJIOCKO-
cTHu 3KBaropa cocrapisger 98,6°; moaHbIil 0630p TOBEPX-
HOCTH 3eMu olecmeuyuBaerca 3a 6 gHeil. 3amajHble
paiionsl CHOMPY MONMAJAIOT B 30HY JEUCTBUS CIIyTHHKA
IPUMEPHO B OJTHO U TO JKe BpeMs — Mesxkay 11:30 m 11:50
0 MECTHOMY COJTHEYHOMY BpeMeHU. [ opH30HTaTbHOE
paspeliieHre Mpu U3MePeHUsIAX B HaJUP 3aBUCUT OT TO-
JIOKeHUd OpOUTHI U CHEKTPATbHOTO KaHada. B cpemxHeM
oHO cocraBiger 60 kM monepek u 30 KM BAOJb ciela
TPACCHI CIIYTHUKA HA 3eMHO} OBEPXHOCTH.

SCIAMACHY saBxsercs AudpakIHOHHBIM CIieK-
TpoMerpoM. OH TOCTeJ0OBATEJbHO OCYIIECTBJsSEeT Ha-
JIUpHBIE U TUMOGOBBIE N3MEPEHUS CIIEKTPOB OTPAKEHHOTO
u paccessaHoro usaydenus CoJsHna B amanasone 240—
2400 uMm. [Tpubop Takke U3MepsaeT CIEKTPATbHYIO TIPO-
3padHOCTh aTMocdepbl npu nogBiaenugx CoJHIA WK
Jlynsl HasL 3eMHBIM TOPU30HTOM. CHeKTpaTbHBIN WHTEP-
Ban1 SCIAMACHY paszaenen Ha 8 kKaHalIoB, XapaKTe-
PUCTUKHU KOTOPBIX MpUBeAeHbI B Ta61. 1, B3aroit u3 [11].

Ta6auma 1

XapaKTepl/lch/lKl/l KaHaJIOB CIIEKTPOMETpa
SCIAMACHY [11]

Howmep I'panuier  |CrextpanbHoe|Marepnas| Temnepatypa
CIeKTpaJIbHBIX | pa3pellleHle, | JeTeK- | JeTeKTopa,
Kamafa KaHaJIoB, HM HM TOpa K
1 (UV) 240—-314 0,24 Si 200
2 (UV) 309—405 0,26 Si 200
3 (Vis) 394—620 0,44 Si 235
4 (Vis) 604—805 0,48 Si 235
5 (IR) 785—1050 0,54 Si 235
6 (IR) 1000—1750 1,48 InGaAs 200
7 (IR) 1940—2040 0,22 InGaAs 150
8 (IR) 2265—2380 0,26 InGaAs 150

Copaepsxanne CO, B BepTHKAJIBHOM CTOJI6E aTMO-
ceppl BoccTaHaBIMBaeTCs MO HM3MepeHUSIM B HAIUp
BOCXOJISIIENl COTHEUHOH paJualii, MOJTyYeHHBIM B G-M
KaHaJjle clleKTpoMeTpa. DTOT AUATA30H COAEPIKUT MOJIO-
cy noryomernss CO, ¢ nenrpom 1600 HM, KOTOpas ABJIA-
€TCS OTHOCUTEJBbHO CBOOOIHON OT <«MeIIaloNINX» ra3oB
(rmaBHBIM 06pa3oM, BoAAHOro Mapa). OJHOBpeMeHHO II0
U3MepeHusIM B 4-M KaHaje BOCCTAHABJIUBAETCA CONEP-
skanue kucaopoga O, (A-nomoca ¢ mentpom 760 HM).
Iro mosposser Beruucanth XCO, A1 croaba cyXoro
Bo3/ayxa 1o ¢opMy.ie

XCO, = LCOy/LOy/ wo,,

rie LCO, u LOy — comepsxkanne CO, u O, B crosbe
arMocdepsr; wo, = 0,2095 — oTtHOcHUTeIbHAA 0 KU-

cjaopoJa B CyXOM BO3AyXe.

2. AJTopuTM BOCCTaHOBJIEHHS
WFM-DOAS

Jl1sg BoccTaHOBJIEHUMS COAEpP:KAaHUS MAaJbIX Ta30-
BBIX cocTaB/aomux (B Tom unciae u CO,) 10 JaHHBIM
cuexktpomerpa SCIAMACHY B ynuBepcutere r. bpe-
Mena (TepManus) 6bLT pa3paGoTaH CIIEIMAIbHbIA a-
roputm WFM-DOAS (Weighting Function Modified
Differential Optical Absorption Spectroscopy) [4, 12].
OH oCHOBaH HAa MUHUMW3AIUU HEBA3KU JOTAPUMMOB
paccuuTaHHbIX [,q U U3MepeHHbIxX [, ApKOcTell, HOP-
MUPOBAHHBIX 110 BHEATMOC(HEPHOMY COJTHETHOMY CIIeK-
Tpy. MUHUMHU3AIMSA OCYIIECTB/ISETCS MeTOJ0M Hau-
MEHBINX KBAaJpPaTOB Ha OCHOBe CJeIyIomero (yHK-
HOHATA:

n

Z[lﬁwd(v) - I(Z;bs + I)i(dm):|2 - Hlill, (1)

i=1

rae i =1, .., n — HOMepa CHEKTPATbHBIX KaHAIOB; V —
comepKaHue Bcex arMocepHbIX Ta3oB (BKIOYas
CO,), HOTIOMEHHBIX CTOMGOM aTMocdepbl B BbIGpaH-

HoM Kanane; P'(a,) — NOATOHOYHBIN MOMMHOM TO Il
C TIOCTOSHHBIMU K03 dULIIEeHTAMU d,,, M = 1+3.
Ilnsg adppextuBabix pacueroB I..q(V) u ompeme-

nenus cogepxanusa CO, mo gopmyte (1) 6puta peanu-
30BaHa OBICTpas WHTEPHOJAIMOHHAS CXeMa, OCHOBAH-
Hasl Ha WCHOJb30BAHUU ONOPHBIX 3HAYEHWI BETMYUHBI
Illlll)
MeTpoB atMocdepbl. Bosee moapo6HO JeTaal UCIIOJb-
3yeMoil B HACToOSIIee BPeMs BEPCUH aJITOPUTMA BOCCTA-
HoBienus WFM-DOAS npencrasiaens B [4, 12, 13].
3ameruM, 4uro omnpenerenHas u3 (1) MuHEMMaTbHas
ommn6ka HeBsasku (Root-Mean-Square error (RMS))
WCTOJb3YeTCs B JATbHEWIeM KaKk WHIMKATOP KadecTBa
oneHKH XCO».

ABtoppl aaroputMma WEM-DOAS akientupoBaan
BHUMaHUe Ha JIBYX BaXKHBIX acIIeKTaX ero NpruMeHeHud [4].

Bo-nepsuix, B 1mpoliecce BOCCTAHOBJIEHNS KOHIICH-
tpaumn CO, Heob6xoauMo (HACKOJIBKO 5TO BO3MOKHO)
OTCOPTUPOBATh MHUKCEJNU, CcoAepKaline 06JadIHOCTD.
C a70i1 1esapo 6bLT paspaboTaH CleNHATbHBIN MOPOTO-
BBII aIrOpuTM, omucaHHbIN B [4]. OH ocHOBaH Ha u3Me-
peHnn oTpakaTebHON crmoco6HOocTH atMocdepbl (HOp-
MMPOBAHHOI MHTEHCHBHOCTH YXOJASAIIETO H3TydeHHsI)
¢ TOMOIIBIO CIEIHATHHOTO BCIIOMOTATETBHOTO TpHGOpa
PMD (Polarisation Measurement Device), Bxozsiiero
B SCIAMACHY. IlpocrpancrBernHoe paspemieaue PMD
noutu B 10 pa3 Jyuyire IpocTpaHCTBEHHOTO pa3pelleHus
camoro SCIAMACHY, cnekTpaiabHbINl [uana3oH Iep-
Boro kanaia PMD-1 — 320—-380 um. Ecam nonyuennas
Ha ocHOBe u3aMepenmit PMD orpaxarterpHast cmoco6-
HOCTH BBIIlle MPeIONpPeeTeHHOTO 3apaHee MOPOTOBOTO
3HAYEHUS [JIs1 JTI060T0 MOJIMKCENs], TO COOTBETCTBYIO-
mit emy nukceab SCIAMACHY kmaccudumnupyercsa
KaK O6JIaTHBIIA.

Bo-emopuix, B neiicTBylolneil BepcHH aJrOpUTMa
WFEFM-DOAS Boccranosienuns XCO, a1 ycTpaHeHUS
OUYeBU/IHBIX OTKIoHeHuUil B omnenkax LCO, u LO, uc-
MOJIB3YIOTCA MACHITAOUPYIOIHe MHOXUTENN, He 3aBU-
cSIIMe OT BpeEMEHU M MecTa u3Mepenuii. B ¢BsA3u ¢ atum

+(V) nna szajmaHHBIX 3HaYEHUH ONTHYECKMX IIapa-
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B [4] mpemmaraercsa moka WCHOJB30BATH PE3YJIbTATHI
usmepennit SCIAMCHY no CO; ToJIBKO ¢ 1eIblo aHa-
JIN3a €TO TPOCTPAHCTBEHHO-BPEMEHHOW M3MEHUYUBOCTH,
He TPUBSA3BIBASICH K aGCOJIIOTHBIM 3HAYEHUSIM OIIEHOK
LCO; nnmu XCO,.

3. Pe3yJibTaThl onpejaesieHUs:
koHneHnrpanuu CO, Hag Cypryrom
u HoBocuoupckom

ITpu comocTaBIeHUN ¢ AAHHBIMU CAMOJETHBIX Ha-
6monennit [7—9] mcnmombp3oBaauch pe3yTbTaThl BOCCTA-
HoBiiennsa XCO, na ocuoBe usmepennit SCIAMACHY
¢ anpend o okTA6ph 2003 1. UTOOB!I yBETMYUTH CTATH-
CTUYeCKYIO 06eCTiedeHHOCTD, Pa3Mepbl TEPPUTOPUL, I
KOTOPBIX BBIMOJHAICA aHATH3 COYTHUKOBBIX TaHHBIX,
OBLIN pacIIUpeHbl 10 CPaBHEHUIO ¢ pailoHaMHU ToJie-
ToB. [lukcenm or6upasuch Ha ILTOIMAAX, OTPAHUIEH-
HBIX OKpYy:KHOcTsAMHU ¢ paamycoM 1000 kM u meHTpamu
B Cypryte (61°24' c.m., 73°29' B.1.) u HoBocubupcke
(Tounee, Ha mpaBoM GOepery IoxkHOH uwactn OGCKOTO
BO/JIOXPAHUINIA — IIPUMepHO 54° c.ur., 82° B.1.).

[l ycrpaneHusi rpyObIX ONTMOOK, BO3HUKAIONIUX
u3-3a cOOEB AallapaTypbl WJIN HEKOPPEKTHOI paboThI
amroputMa BoccTtaHoBIenus XCQO,, wucmoab30BATACH
mpeABapuUTeIbHAS CeJeKINs, BKIOYaionias B cebsa of-
HOBpeMEeHHOe BBITIOIHEHE HECKOJIbKUX OJHOCTOPOHHUX
WM JBYCTOPOHHHX TIOPOTOBBIX KpuTepueB. Cpennue
nueBHble 3HaYeHNsT MCQO, KOHI[EHTpalUil YIIeKUCJI0TO
rasa 19 KayKJ0To paiioHa OMpene/Isinch Kak

MCO, = Y (XCO,), P, /Zwa )
k k

rae k — MOpSAKOBBINA HoMep MUAKCeIs, TOMaBIIero B pac-
cMaTpuUBaeMbIil paiion; P, — MpHU3HAK ceJeKInu, MPH-
HuMaonuii 3Haverue 1, ecau onenka XCOy y10BI€TBO-
pger N = 8 ipu 3ajauHbIX KpuTepuax, u ) — ecam XoTs

N .
OBl OJTVH W3 3TUX KPUTEPUEB HAPYIIIeH, T.e. P, = | IP,f.
i-1

Ha3Banusa kputepueB M COOTBETCTBYIOIIHE TOPO-
TOBBI€ BEJIMIWHBI TIPUBEIEHBI B TaOI. 2.

Jl71sT OMHOCTOPOHHUX KPUTEPUEB YKA3aHO TOJIBKO
onHO 3HaueHwe. B Tabi. 2 maHBI TakyKe BEPOSTHOCTH
BBITIOJTHEHUST YCIOBUIl OTAEJbHBIX KPUTEPHEB U UX CO-
BOKYITHOCTH, pacCYUTaHHBbIE MO HabmogeHusM Hax Ho-
Bocu6upckoM (1eBoe BepxHee umcao) u Cypryrom (mpa-
BO€ HIKHEE) OTJeJbHO I BCeX NMUKCeaell U MUKceel,
KOTOpbIe OBLIN ONpeeTeHbl Kak 6e300IadHble TO W3-
Mepenuam PMD.

KommyectBo mukceneil, KoTopoe GbLIO MPOaHATH-
3UPOBAHO IIPU MpOJIeTe CIyTHHKaA <«Envisats Hang paii-
onamu HoBocubupcka u Cypryra B 2003 T., coctaBuiIo
npumepro 80 000 u 100 000 coorBercTBeHHO. OnEHKH
CpPeIHUX JAHEBHBIX KOHIIEHTPAIUil YTJIEKUCIOTO Ta3a
MCO; s KaxkAoro mpoJera CIIyTHUKA HAJA palloHaM#
npezcraBaeHbl Ha puc. 1. KBagpatamMum oTMedeHbI 3Ha-
yenua MCO,, paccuuTaHHble IO BCeM IHKCeJIM,
MPOIIENTUM CEeTEKITNI0O HEe3aBUCHMO OT 3HAUEHHS TPHU-
3HaKa 00JAYHOCTH, KPY/KKaMU — TOJIBKO 10 6e3061aYHbIM
nukcensM. JKupHble KpUBBIE MOCTPOEHBI MO PE3YJIbTa-
TaM HMHTErPUPOBAHMS BEPTUKAJIBHBIX Mpoduieil caMmo-
JeTHbIX U3Meperuit XCO, [7, 8] ¢ yueToM 3KCIOHEHIH-
aJbHOro YObIBaHM aTMOC(hEPHOTO JaBJIEHUS C BBICOTOI.
Jlta CypryTa 3Ha4eHUA OBLIN TOTYYEHBI TI0 U3MePEeHNIM
1996 r. u nepecuntansl Ha 2003 T. MO cpefHEMY MeX-
TOJIOBOMY XOJIy KOHIleHTparuu [7].

AHaTOTWUHBIA TepecueT GbLT caenan U aasd Hoo-
cubupcka ¢ yderoM Toro, 4ro B [8] mpencraBiensr
npoduau, ycpeanenusie 3a 1997—2004 rr.

[TyHKTUPHBIMY JTHHUSAME OTMEYEHBI JHU CXO/A U TO-
SIBIEHUSI CHEKHOTO IOKpPOBa. JTH [IHU ONPeIeIsIuCh
110 U3MEPEHUSIM TIyOUHBI CHEKHOTO MOKPOBA HA METeo-
CTAHIIUSX, PACTIOJIOKEHHBIX B TIEHTPAX PACCMaTPUBAEMbIX
paitonoB [10]. Anamusupyembie nukcequ SCIAMACHY
MOTYT JIe)KaTh KaK ceBepHee, TaK U I0KHee 3THX TOUYeK
Ha yaanenuu o 1000 kM, m03TOMYy OTMeUYeHHble CDOKH
[T KOHKPETHBIX THKCeJIeil MOTYT OTJIMYaThCsl OT (hak-
THYECKUX IPUMEPHO HA HEEeTIo.

Ta6auma 2

XapaKTepHCTHKH KPHTEPHEB IPH ONpe/ie/IeHHH CPeJHUX [HEeBHbIX koHueHrtpanuii MCO,

- [Toporu BepoATHOCTH BBINIOIHEHIS KPUTEPHEB
g g [IpoBepsgemblit  [Pa3MepHOCTH Husrsst | Beosass|! Tl seest Toabko 1o | PesyabTupyio-
S 5 napamerp (nmpusHak) p 6e3061aunbiM| mag (o BeceM
& IpaHNUIfa | TPaHHUIA | TIKCEJIIM , ‘ , 151:)
MHIKCEJIM MIKCEJIM
{ Pa6ouee nampanie- DISH 15 0,80 0,84 0,80
HIle CKAaHHPOBAHIISA PISHAK ’ 0,80 0,84 0,80
RMS HeBa30k 0,86 0,98 0,68
2 10 CTIEKTDY OTH. €1, 0,007 0,79 0,85 0,63
0,83 0,85 0,59
3 LO, OTH. e]I. 0,50 1,02 0.77 0.74 0.54
4 PacuetHaga % 9 0,76 0,96 0,47
ommo6ka LO, ° 0,79 0,98 0,47
0,78 1,00 0,45
5 LCO, OTH. e[ 0,50 1,08 0.75 0.93 0.45
- 0,48 0,83 0,28
6 Juamnazon XCO, MJTH 340 400 0,42 0.73 0.25
7 Pacuetnaga o 8 0,50 0,90 0,22
ommobka L.CO, ’ 0,55 0,93 0,24
8 OrtcyTcTBUe PISHAK 05 0,30 1,00 0,16
061aUHOCTI PH3HE ’ 0,26 1,00 0,11

324 Py6aes A.H., Byxsuu M., JKypasaesa T.B.



390 MCO,, man !

60 90 120 150 180 210 240 270 300
a

390 MCO», mian !
L [o]

370
360

350

P PR RV EEPRR BRI R T

40
60 90 120 150 180 210 240 270 300

IlopsaakoBelit HOMep THA
6

Puc. 1. ComocTaB/ieHne KOHIEHTPAIMH YTJIEKIICJIOTO Tra3a, BOC-
CTaHOBJIEHHBIX IO JAHHBIM CITyTHIKOBBIX H CAMOJIETHBIX H3Me-
penuii, B paitone Hoocu6upcka (@) u Cypryra (6). 2003 r.

AHATM3UPYS TOJydeHHbIe Pe3yJIbTAaThl MO KOHIEH-
tparusM CO, ¢ yueToM MPUBEJIEHHBIX BBIIIE IBYX 3aMe-
JaHUI aBTOPOB aJroput™Ma [4], oTMeTuM, 4TO B OTCYTCT-
BHe CHera pe3yJbTaTbl BoccTaHoBIeHus MCO; no man-
HbIM SCIAMACHY KauecTBEeHHO COTJIACYIOTCSI C CaMO-
JIETHBIMU u3MepeHusaMu. J[J1g Temsioro BpeMeHU roja
m3MeHeHng MCQO, o MecdanaM HMeIOT IOYTH CHMMeT-
PUYHBIN XapaKTep ¢ MUHUMYMOM B KOHIle WMo, Mak-
CUMAaJIbHBIN Auana3oH uaMeHunBoct MCQO, 1o JaHHBIM
SCIAMACHY nan1a o6oux paiioHOB cocTaBiaser 12—
14 v ", Jlmsa caMosTeTHbIX U3MepeHuil 3TOT AMATa30H
paBen 11—13 MIH |, T.e. MPAKTHYECKN COBIAJAET CO
CIIyTHUKOBBIMH OIleHKaMH. AGCOJIOTHOE 3aHUKeHUe
cnyTHUKOBBIX JAaHHBIX MCQO; 1o cpaBHEHHUIO C caMo-
JIETHBIMU M3MEPEHUSIMHU OKA3aJ0Ch OJWHAKOBBIM KakK
nas HoBocubupceka, Tak u ana CypryTra, — HaIpuMep,
B mioJie okos10 17 mue~ !, Bro MOATBEPIKIaeT BbIBOA [4],
YTO TOJTPKO M3MeHEeHWeM BEeJIMIMHBI MaCIITaOUPYIONIIX
K03 PUIUEHTOB MOKHO JOOUTHCSI COOTBETCTBUSA CITYT-
HUKOBBIX U (pakTHueckux (B JaHHOM CIydae, CaMoOJIeT-
HBIX) JAHHBIX.

[Ipu HATMYMY CHE;KHOTO TTOKPOBA, KOT/A 3HAYEHUS
3enuTHOTrO yri1a CoJHIIa TaK:Ke BO3PacTaioT, paboToCIo-
co6uoctp anmroputMma WFM-DOAS napymiaercsi. 3na-
yeHnd kKounentpanmii MCQO, yMeHbIIaoTcad MO Cpas-
HEHHMIO ¢ KOHIEHTpAIMsIMU B COCEIHUE MeCIbl, KOTJa
cHeTa y:ke Win emnfe HeT. [lo-BuamMoMy, ommuOKu B Om-
penenenun koureHTpaiuu CQO,, BbI3BaHHbIE HATUYHEM
CHEKHOTO MOKPOBA, CBA3aHBI CO 3HAUYUTETbHBIMU OTJIH-
YMAMHU CIIEKTPaIbHOTO XoJa anbbemo A cuera (puc. 2)

OT HeWTPaTbHOTO 3HAYeHWS aab6efo MOACTUIAIONIeH
noBepxHocTH A = 0,1, KOTOpBII HCIIOIb3yeTcd B ajro-
putme WFM-DOAS [4] npu mosydenun omopHoii 6a-
3Bl JTAHHBIX.

B gacTHOCTH, B TOJIOCE TOTJIONIEHUSA KHUCIOPOIA
(760 am) A cuera moxetr gocrurars 0,6—0,8, a B moo-
ce norstonierng CO, (1600 am) A~ 0,03—0,06 [14, 15].
OTMeTuM, 4TO OTJIMYME CIEeKTPAJIbHOTO Xo[a aabbero
MOJICTUIAONIENl TOBEPXHOCTU OT HEUTPaIbHOTO HAGJIIO-
JlaeTCcd, XOTSA W B MeHbIIle CTeleHu, IS PACTHTEThHO-
cru (puc. 2, XBOHHBINA J1eC).

0’8._ -+ - - CHer

....... —— Xgolinblii Jec
_ == A=0,1
0,61 k

0,41

0,2F
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0 400 800 1200 1600 2000
JlImHA BOJIHBI, HM

Puc. 2. CnekrpaibHoe aibOef0 Pa3JIIMIHbIX THIIOB IIOJCTH/IAIO-
meit noBepxHoctn (1m0 ganubM [14, 15])

W3 ananmmsa pe3y/abTaToB cleyeT, UTO Ha BO3-
MOKHOCTH BoccTaHOBJeHus KouieHTpaiuu CO, cHer
BJIMSET B 3HAYUTEJNbHO GOJIbIIel cTemeHu, 4eM o6.Iad-
HOCTb, Tak Kak oneHku MCO,, moaydyeHHBIE C YIeTOM
u 6e3 ydera CeJeKIMN THKcedell 1o 06JavHOCTH,
MPaKTHYECKU MAJO OTJUYAIOTCA JPYT OT Apyra s
060UX paccMaTpPUBAeMbIX pailoHOB. Dojiee u3pe3aHHBIN
xapakrep KpuBbix MCO, Ha puc. 1 a1g 6e3061auHbIX
muKceTell MoKeT GbITh 06bsICHEH, MO-BUAMMOMY, MEHb-
M 06bEMOM CTATHCTHYECKUX JAaHHBIX, WCIOJIb3Yye-
MBIX NIPU yCPeAHEHUM: KakK cjexyeT u3 Taba. 2, KOJH-
YecTBO 6e306/IaUHbIX THKceaell B 3—4 pa3a MeHbIIe
KOJIMYECTBA TUKCENel, TPOIIeANINX OCTaJbHbIE 3TAIbI
CeJIeKITn.

Bompekn mpenynpeskIeHUI0 aBTOPOB paboThl [4],
OTHOCHUTETBHO c1a6oe Biugume o6aakoB Ha MCQO; 06y-
CJIOBJIEHO CHIbHOI B3anMocBa3bio o1leHoK LCOy u LO,,
K03 PUIIEHTH KOPPeadaIui R KOTOPBIX A4 ABYX paii-
oHOB JexaT B npenenax 0,92 +0,96. Ognako u mocsre
uckmoyenns o6aaunbrx (110 namMepenusam PMD) nukce-
JIel KoppeJiius noumkaercsa Hecuibao: R = 0,82 + 0,86.
Takue BbpICOKKe 3HaUeHUS R CBUAETETIBCTBYIOT O TOM,
YTO CYIIECTBYIONIAS CeJeKIUd TPOMYyCKaeT OOJIbIIoe
KOJIMYeCTBO OGJAUHBIX THKCETel, MOTOMY YTO B YCJO-
BUAX PABHUHHOW MECTHOCTH TOJBKO OTpasKeHHe OT
BepXHell TpaHUIBI 06JAKOB BBI3BIBAET MPUMEPHO OJH-
HAKOBO€ OTHOCHUTEJbHOE YMeHbIIeHHe [JIUH pacceu-
BAIONIUX TPACC B JABYX PA3IMYHBIX ONTHUYECKH He3aBU-
CHUMBIX YYACTKAX CIIEKTpA.

Kocsenno (paccrosnme Mexay MeTeocTaHI[HeH
¥ CIIyTHUKOBBIM MUKCETeM MOKET TOCTUTATh HEeCKOJIBKO
COTeH KIJIOMETPOB) 3aBbILICHNE KOMMIeCcTBa 6e306IauHbIX
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muKceJgell TMOATBEP/KAAIOT U JaHHBIE HA3eMHBIX BU3Y-
QIbHBIX HabJI0JeHuil 3a cocrognueM He6ocsoma [10].
ITogo6Hble HAGMIOJEHUS TPOBOAATCSI HECKOJIBKO pa3
B cyTku. Dmmkaiiimii cpok HaGmOJeHUs], MeHee 4YeM
Ha 1 94 OTJIMYAONINIICS OT BpeMeHU MpoJeTa CIyTHUKA
«Envisaty, — 11 4 Mo MecTHOMY COJTHEYHOMY BpeMeHH.
B mopaBigioneM GOJBIIUHCTBE CAyYaeB B 3TO BpeMs
HabTogaTe/ T OTMedaIn Hanrudue obaaunoctu. Hampu-
Mep, u3 106 gHeit ¢ anpens no oktg6pb 2003 ., KoTAa
op6urta cnyTHuUKa mpoxofmia Hag CypryToM, Ha Bcex
9 MeTeoCTaHIUAX, JaHHBIE KOTOPBIX WCIOIb30BAINCH
JUIT He3aBUCHMOTO KOHTPOJIA OOGJaYHOCTH B paiioHe
CcaMOJIETHBIX TI0JIETOB, Ge306auHoe He60 OTMEeYaroch
TobKO 36 pa3 Bo Bcex 954 Habmiogenuax. OtMmernM,
4TO TOMBKO B oauH AeHb (2 moxa 2003 r.) orcyTcTBHE
06.1aK0B GBLJIO OTMEUYEHO OJHOBPEMEHHO Ccpasy HaJ Iie-
CThIO M3 JIeBATU MeTeoCTaHIIMiA. Takas CTaTUCTUKA CBH-
JIETEBCTBYET O TOM, YTO OTHOCHUTEJbHOE KOJIUIECTBO
6e3006JJaUHBIX TTUKCeJell He MOKHO OBLTO TPEBBINIATH
4% or ux obero umcia, 4ro B 6 + 7 pa3 MeHbIIe KO-
JIMYeCcTBa, OTOGPAHHOTO O AaHHBIM PMD.

Hanuure cTojib MaJoro KoJmdecTBa 6e300IauHbIX
nuKceaeil MOKHO OObICHUTH TeM, 4To «Envisat» mpo-
npetaer Hajg Cubupbio OKOJO COJHEYHOTO IOTYIHS.
B orcyrctBue ciaouctbx ¢GopM 0O6IATHOCTH K ITOMY
BpEMEHH y3Ke MPOUCXOAUT HArPEB NMOYBBI M TOSBJSIOT-
¢ KydueBble 00JTaka, KOTOPbIE, ¢ yIeTOM GOJBITUX pa3-
Mepos (60x30 km?) mukcens SCIAMACHY, 6yayt mo-
majaTh B €ro ToJje 3peHus ¢ GOJbIIoN cTelmeHbIo Bepo-
arHocTH. [IpakTWuecKW MOCTOSHHOE MPUCYTCTBHE O0O6-
JadHOCTH OyJeT Hen36e:KHO BBI3BIBATD 3aHIDKEHUE OIle-
vHok LCO, u LO,, 3HaYeHHST KOTOPBIX OYyAYT Ompeje-
JATbcs Ga/IoM W BBICOTOM BepxHeil TpaHHUIIBI 06.1a4-
Hoctu. /I Tounoro ompegenenna XCO, (mm MCO,)
HY’KHO, YTOOBI 3TH CJIy4ailHble 3aHWKEHUs, BBIPAKEH-
HbIe B OTHOCUTEIbHBIX eJNHUIaX, OBLIN HE TOJIHKO KOP-
peMpoBaHHBI, HO ¥ paBHBI. [IpUHIUINAIBHO, C yde-
TOM, UTO KHUCJOPOJ W YIJIEKUCJIbIH Ta3 XOpOIIo Tepe-
MelllaHbl B atMocdepe, PaBEeHCTBO OTHOCHUTENbHBIX HU3-
menennit LCO, u LO, npu nepexosie ot 6e300TaUHBIX
YCJIOBHUI K OGJAYHBIM MOKET ObITh JOCTUTHYTO CIIEI[H-
aJbHBIM BBIOOPOM paGoYMX KaHATOB B IMOJOCAX IIO-
TJIONIeHUsT 3TUX Ta30B. B cBoio ouepenp, 3T0 mOTpebyer
HEKOTOPO#H MOAMMUKAINU CYNIECTBYIOIIETO aJTOPUTMA
BOCCTAHOBJIEHNSA KOHIIEHTPAIIUU YTJIEKUCJIOTO Ta3a.

3akouenue

[Ty6ukaiust pe3yIbTaTOB MPSIMBIX CaMOJIETHBIX
U3MepeHnil BepPTUKAMBHBIX Tpoduaell KOHIEHTpaIHii
yrJekucaoro raza [7—9] B coueTaHuu ¢ OTKPBITBIM JOC-
TYIIOM K apXWBY Ha3eMHBIX HabuofeHmit Poccuiickoit
METeOpOJIOTHYECKOI CIyKObI CYHIECTBEHHO OO6JIerdaer
Pa3paboTKy W TECTUPOBAHUE CIYTHUKOBBIX AJTOPUTMOB
onpenenenust kouienrpaiuu CO, Hax TeppuTopuein 3a-
nagHoit Cubupu. OUeBHUIHO, YTO TOJBKO XOPOIIee COTJIa-
cue ¢ JAaHHBIMM HATYPHBIX 3KCIEPHMEHTOB CBH/ETeJIb-
CTBYET O HAeKHOCTU CITyTHUKOBBIX W3MEPeHWd U aj-
TOPUTMOB, UCIOJIb3YEMBIX NMPHU UX 06paGoTKe.

B crathe mpecTaBIeHbI Pe3yJIbTAThI TEPBOTO WC-
nosb3oBanua anaroputMa WFEFM-DOAS, opuentupo-
BaHHOTO Ha gaHHble cuekTpoMerpa SCIAMACHY, nia
IBYyX paitonoB 3amaxnoit Cubupu. B Temabrii mepuon

rofa aATOPUTM MOKa3bIBaeT Xopolllee KadeCTBEHHOE
COBIIaJIEHHEe BPEMEHHOTO XOJla OINpe/esseMOil KOHIIeH-
tparuu CO, ¢ TaHHBIMU CAMOJETHBIX M3MepeHUH Kak
B paiione HoBocubupcka, Tak u B paiione Cypryra.
/lmana3oH M3MEeHYMBOCTU B TeueHHE Tojla CPEeJHUX Me-
cauHbIX KoHLleHTparii CO, 1Mo CIyTHUKOBBIM OllEHKaM
(12+14 mma™") MPAKTUYECKH COBIAJAET C JUATIA30HOM
M3MEHUMBOCTH CaMOJIeTHbIX m3Mepennit (11+13 man ).

B xosoanblii nepuo rojja CiyTHUKOBBIA aJITOPUTM
paboTaeT HEYCTONYMBO W JaeT CUJIBHO 3aHUKEHHBbIE
s3Havenus kouneutparuit CO,. Haumbosee BeposiTHOM
MPUIWHON 3TOTO ABJIMETCS HATUYNE CHEKHOTO TOKPO-
Ba. CrekrpaibHble aabOeqHble XapaKTePUCTUKH CHeTa
B 110JI0CAaX TIOTJIONIEHUSI KUCJI0PO/a U YIJIEKUCJIOTO ra3a
Pe3KOo OT/IMYAIOTCS OT HEHTPAIbHOTO IO CIIEKTPY 3Hade-
Hug anpbeno A = 0,1, KoTopoe UCIOIb30BATOCH B OIMOP-
Ho#t 6aze mamubix WFM-DOAS mpu BoccTaHOBJIEHUSX
mo gaHHbIM SCIAMACHY. Craexyer oxujaTb, dTO
paciiupeHue 3Toil 6a3bl JaHHBIX MO CIIEKTpaM OTpaske-
HUS peaJbHBIX 3eMHBIX MOBEPXHOCTEHl M BBIGOP KOH-
KpPETHOTO THIIAa MOBEPXHOCTH B 3aBHCHUMOCTH OT KOOP-
JUHAT IHKCEeII MO3BOJIAT ucnoab3oBatb WFM-DOAS-
QJITOPUTM M B 9TUX YCJIOBHAX. Hamwume cHeXHOTO TO-
KpOBa MOKeT YCTaHABJIUBATBHCS 110 HA3eMHOH MeTeopo-
JIoTHYecKoil mH(OpManuu, ¢ IPYTUX CIYTHUKOBBIX MPHU-
60pOB, a Tak)ke ONPEeNeTAThCA IO JaHHBIM CaMOTO
SCIAMACHY.

Jlna paitonoB 3anagHoit Cu6upu BpeMs MpoJeTa 3a-
maIHo-eBponelickoro ciyTHuka «Envisat» 61m3ko k Mect-
HOMY COJTHEUHOMY HOJyAHIO. B couetanuu ¢ 6oIbIMMu
pasmepamu nukcesnss SCIAMCHY sto npuBouT K TO-
My, UTO B TOJie 3peHus mpubopa ¢ BEPOATHOCTHIO 60-
1aee 95% Bce BpeMa Gyjer qm6o chaoucrast, Ju6O KOH-
BeKTHBHas o6aauHocTh. OIHOBpeMeHHOe OlpejieieHe
kosmdectBa Motekya1 CO; u O,, HaxoAgmmuxcs B aT-
MocdepHOM cToJI6e MeXIy o6JaKkaMU W BepxHel Tpa-
Hulleil atMmocdepsl, T03BOJISIET ONPEENIATh CPEIHIOI 0
BpicoTe KoHLeHTpanuio CO, um B atux ycaoBusax. /s
MOBBIIIEHIS TOYHOCTU U YMEHDIIEHUST BJAMSIHUSA 06JaKOB
Ha TOYHOCTH aJTOPUTMa oOlpeJeaeHnue KOHIEHTPAIUN
CO, creayeT TPOBOAWTH B CIEIMAIBHO OTOGPAHHBIX
pa6ounx kaHamax SCIAMACHY B moJsiocax mororie-
HUS KUCJOPOJa M YIJIEKHUCJIOTO Ta3a.

Hacrogrmias pa6ota MpoBOAWIACH NIPH HOAEPKKE
EBpormeiickoro kocMmueckoro areHTctBa M MeskayHa-
poxHoit ¢enepanuu asponastukn (ESA/IFA project
«COy retrieval over boreal forest»).
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CO; concentrations over West Siberia.

The altitude-mean CO, concentration are reconstructed by the WFM-DOAS algorithm, worked out at the
Bremen University (Germany), from the SCTAMACHY spectrometer data (on-board of satellite Envisat). The
obtained results are compared with aircraft measurements for two regions of West Siberia (Surgut and Novosi-
birsk, 2003). The reconstructed CO, concentration time behavior qualitatively well agrees with the aircraft data
for warm period of the year and significantly underestimated in the presence of snow cover. Possibilities of im-
proving the WFM-DOAS algorithm accuracy are under discussion.
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