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OmnuchiBaeTcs METOIMKA, U MPOTPAMMHOE ODecrievdeHune jIs MOIETUPOBAHUS MTPOIECCOB (hOPMUPO-
BaHUsl, CTOKA U IIEPEHOCA TPOIOC(EPHOrO 030HA [IPH PeasbHbIX METEOPOJIOrHYEeCKUX U reorpaduye-
CKUX yCa0BuaAX. JleTalbHO paccMaTpuBaeTcs: mporpaMMubiii kommieke UAM-V,| npegHa3HadeHHbIH
JIJIsI peleHusi MocTaBaeHHoi 3amaqdn. IlpuBomgarcs pe3y/bTaTbl U3MEPEHUH OOIIEro COMEPKAHUS
030Ha B armocdepe MeToaoM nHMPAKPACHOH (Dyphe-CIeKTPOCKONUY € MCIOIH30BAHUEM TPOrPAM-
vbl MODTRANS3, mozenupyomieil mepeHoc u3iydenus: B armocdepe.

TOTAL AND TROPOSPHERIC OZONE MEASUREMENT AND MODELING, by Veles A. A.,
Shavrina A. V., Sosonkin M. G., Dyachuk V. A. — The technique and software for modelling
the formation, sinks and transport processes of tropospheric ozone in real meteorological conditions
are described. The program UAM-V developed for solving these problems is considered in detail.
The results of the total ozone measurements obtained by the infrared Fourier-spectroscopy method
and simulated by the program for atmospheric transmission MODTRANS are discussed.

BBEJAEHUWNE

Jlist aHasmM3a CleKTpoB noryomenus: 3emuoii armocdepsl B TAO HAHY coszgaercs KOMILIEKC 1IPO-
CpaMM, [TO3BOJISIONIMI OIIPene/IsaTh KOHIIEHTPAIIUN 3arPA3HSIONIX BEIIECTB B TOPOJACKOM IIPH3EMHOM
CJIOE M IPEICKA3LIBATL MX JTOKAJILHEIE 3HAYCHUS B 3aBUCUMOCTH OT 00beMa BLIOPOCa 3arpa3HUTeIeH TO-
YEeUHBIMU ¥ O0bEMHBIME HCTOYHHKAMHI B FOPOICKOM JOMEHE, 8 TaKKe OT METEOPOJIOrHYECKHUX YCIOBHIl
N MHTEHCUBHOCTU COJIHEYHOI'O I/ISHyLIeHI/Iﬂ.

Kaxk riaBHbIe mean JaHHOM paboThl MOXKHO BBILIEIUTH CAEAYIOIIe MOMEHTH: MOHUTOPUHL 030HA
n COHyTCTByIOIILI/IX ra30B U HpOI'HO3 OIIaCHBIX O30HOBBLIX 3IIM30/10B. Pe]_[IeHI/Ie IIOCTAaBJIEHHOM 3aJa49n
MOKHO pa30UTh Ha HECKOJILKO TAIOB:

— U3MEepEeHNns;

— MOJIeJINPOBAHNE;

— CpaBHEHHWE MOJEIN C HADJIOIEHUSIME,

— IpeJCcKa3aHue 3MU30/I0B.

Ha cerogusiuuii menb TpOrpaMMHBIT KOMIIJIEKC BKJIIOYAET [IBA THUIIA IIPOCPAMM.
I. IIporpaMMBI J1j1s1 olpeTe/ieHus KOHIEHTPAINil 3arpsa3HuTeIeil B HIKHIX CI0SX aTMOCKEPDL.

1. FLUX — momesimpyer CHEKTPbHI MOIVIOMIEHWS HA TOPU30HTAJIBHON TPacce Jijisd 3alaHHbIX KOHIIEH-
Tpamuii 3arpa3HAIOIINX BEIECTB, PeIIaeT T. H. IpaMyto 3ajaady (co3gana B IaBHoil reodusnte-
ckoit ob6cepsaropuu, Poccust).

2. FITFAST — pertaer obparHyIo 3a/1a4qy, T. €. HAXOJAUT KOHIEHTPALMH 3arPA3HuTe el u3 HabIro1a-
eMOr0 CIEeKTpa aBTOMATHYECKH, MOa0upas uX myreM Mojeauposanus (cozmana B TAO HAHY).

3. MODTRAN - paccuuTbiBaeT moTOKM (CHEKTPBI) M3J/Iy9eHHs], IIPOIIEIIEr0 3eMHYI0 arMochepy ¢
yaeToM ee crparudukaiun ((HbU3nIecKux mapaMeTpoB i KOHIIEHTPAI OCHOBHBIX U 3arPsi3HSIIO-
mux ra308), co3gana B Air Force Geophysical Laboratory (CIIA).

IT. TIporpaMmbl [JII MOIEJTMPOBAHNUSA PACIPOCTPAHEHUWS 3arpsi3HEHUN B HUKHUX CI0AX aTMOCheph
(Tpomocdepsr).

1. UAM-V —“Mogesib ropojackoro arrapa’, pazpaborana B SAI — Mex 1yHapOIHOM [EHTPe IPUMEHe-
HIs CHCTEM [IJId MOJETHPOBAHMS KAIeCTBA BO3AyXa C yueroM ¢oroxumun. [logpobHoe omucamme
MOJIE/IN JIAETCS HUWKE.

2. PMM - “IIporrocrudeckasi METEOPOJIOTHIECKasT MOJIE/ b, paspaborana Toxke B SATL.
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N3MEPEHUA

U3zmepernus obwezo codepacanus o3ona Pypve-cnekmpomempom I'AO HAH Yxpaunst c
nomouwvro npoepammot MODTRAN. Jlna onpejenerus OOIIEro COAEPXKAHUST 030HA, UCHOJIB30-
Bajicsa mporpammubiit Kommiekc MODTRAN, koTopsiit pazpabaThIBaics U COBEPIICHCTBOBAJICS KO-
sekrueoMm AGFL wa nporsixennun 2-3 gecsiruneruii. [Iporpamva MODTRAN3 Obiia mostyueHa Hamu
baromapsa Jrobe3noctu g-pa I'sitn Ammepcon. B mactosiiee BpeMms OHa HMIHPOKO MPUMEHSIETCA T
MHTEPIPETANY KaK HA3eMHBIX HAOJIIOMeHuil ClIeKTPOB 3eMHOIT aTMOCcdepbl, TaK 1 OAJUIOHHBIX U CILyT-
HUKOBBIX Habsromennit (cm. mampumep [6]). Momenb mo3Bosisier pacCuuThIBaTh aTMOChEpPHOe MPOILyC-
KaHue u uzsydenue s gacror or 0 1o 50000 cm L, ucnosssys cdepudeckyio reoMerpuio, dbyHKIu
ucrounnka g Comama u JIyHbBI, yIUTBIBAS OJHOKPATHOE W MHOTOKPATHOE PACCETHIe 1 aTMOC(hepHbIe
npoduin ra3oB, adpo3oieil, 00JIAKOB, TYMAHOB U 10K /si. JIJisi pacueroB MpUMeHsIeTCs JIByXIapaMer-
pudeckas (TeMIeparypa ¥ JIaBAeHHe) MOJETb MOJEKYJISPHON MOTOCH, KOTOpasi UCIOIb3YeT OOMIBIIOi
MaCCUB IIPEABAPUTEC/IBHO HAKOIIJICHHBIX JaHHBIX, BBIBEICHHBIX Ha OCHOBE IMapaMeEeTPOB CIIEKTPAJIbHbIX
muanit w3 6a3bl qapabix HITRAN9G [3] ama 13 momexyn (HoO, CO2, Oz, CO, CHy, Oy, NO, SO,
NO2, NH4 u HNOj3), u, kpome TOro, ucnosb3yer cedeHus MOrIOMeHus st Tskeabix moaekyn — CFC
(9 momekys) m CIONOg2, HNOy4, CCly u N9Os). Ilpu pacuerax mpuMeHsIach CTaHIAPTHAS JIETHSIA MO-
zeib arMocdepsl s cpegaux mupotT ¢ 36 cirosivu. [Ipu onpejiesiennn 00IIEr0 COJEPKAHUST BBOIMIACH
MapaMeTpu3alins BEPTUKAJTHHOTO TPOMUIT KOHIEHTPATIHH:

Wy = ¢4 /jnoj(z)dz, (1)

rze ngj(z) — MOZeJIBHBIN BepTUKAIBHBI HPOhUIb KOHIEHTPAINT, Wy — ObIIee cojepKaHue rasa, Cq —
OIIPeeIIeMbIil TapaMeTp.

Ornpenenenne mapaMeTpoB MPOU3BOINIOCH HA OCHOBE MUHUMU3AINY CPE/IHEN KBaIPATUIHON HEBA3-
KW, BBI3BAHHON PACCOIIACOBAHUEM MEXK/Iy M3MEPEHHBIMU W PACCUUTAHHBIMU C MTOMOIIBIO ITPOrPAMMBI
MODTRAN snadenusamu curaana |1]. Peayaprars onpegesemns o61ero cogep:Kanus 030Ha Ha OCHOBE
m3mepennit 17, 18 n 19 mnrons 2001 r. npuBenensr Ha puc. 1.

[Tonyuenubie pe3ybTaThl HEILJIOXO COIVIACYIOTCS C JAHHBIMEU KAaK CIyTHUKOBBIX m3mepenuit TOMS
[2], rak u ¢ u3MepeHusiMU roCy JapCTBEHHOM ceTr MoHuTOpuHIra B Kuese Ha o3onomerpe M124. Coxtble
yCp€e/IHEHHBIE 33 JIeHb JaHHbIE IPUBOIATC B Tabsmiie. KatuecTBo coBIaieHns PeajibHOr0 U MOJETbHOTO
CIIEKTPOB WJLIIOCTPUpYyeT puc. 1.

Cpasnenwne u3mepenuit obiiero cogepxkanust 030Ha B TAO ¢ gaHHbiMu Apyrux npubopos

Hara 17.07.2001  18.07.2001  19.07.2001

IIpubop Copnepzxanue o3ona, DU
TOMS 3087 319+7 3167
M124 310+ 16 319+15 323£16

Cuekrpomerp TAO 313£16 322+£17 295 £ 25

HUsmepenus codepocanus npudemnozo0 03ona 6 ILlenmpasvrnom 6omanuueckom cady Kue-
6a. MoHnTOpUHT KOHIIEHTPAIWil 030Ha B TPU3EMHOM CJioe BbinosHsiicd B Llenrpasbsuom 6oTtannaeckom
cary HAHY B Kuese [4]. Ha puc. 2 npejacraBiensl mov4acoBble n3MepeHnbie Kormenrpaun O3 B mme-
puog ¢ cenrssdops 2000 r. mo uioab 2001 r. OYeBUAHO HOYTU HOCTOSHHOE [IPEBLIIIEHUE MaKCUMaJIbLHO

JomycTUMOl cpejtrecyTounoi Koumentparun (30 mxr /v wmm 15-107%), neitcreyromeit na Yxpaune [7].

OIIMCAHUE AJITOPUTMA MOAEJIT UAM-V 11 BXOJHBIX JAHHBIX

Tak nmazeiBaemas “Mogesnb ropogackoro anrapa’ (UAM) 6puia paspaborana B SAI (System Applica-
tion International) m nomuepxusaercs ceointe 25 jer. Ee co3ganme OTHOCHTCS K MEPBBIM IIONBITKAM
¢doTOXUMUYECKOr0 MOJIE/IUPOBAHNS KadecTBa Bo3ayxa B Havdasie 1970-x romos.

UAM-V npejcrasiisier cob0it pOTOXUMUIECKYIO MOJIEIb ¢ TPEXMEPHON CETKOW KOOPIUHAT JIJIsl PaC-
Jera KOHIEHTPAIN KaK WHEPTHBIX, TaK U XUMUIECKH aKTHBHBIX 3arpa3HATE/IEH, KOTOpas yINTHIBAET
dusnyeckue u XUMUYIECKHE MPOIECChl B arMocdepe, BIMAIONME HA KOHIEHTPAIWU 3arPA3HUTE/IEH.
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Puc. 1. Pesyaprars! onpenenennst oOmIEro Coaep:Kanus 030Ha HA OCHOBe m3mepenwii 17, 18 m 19 miomst 2001 .

07.2001

06.2001

05.2001 35.0¢
04.2001 30.0¢
03.2001 25.0C
02.2001 20.0¢
01.2001 15.0C
12.2000 10.0C
11.2000 7.00
10.2000 5.00
09.2000

0

Puc. 2. Cesonnbiit u cyrounbiit xo copepskanus o3ona B 107° (cenrabpn 2000 — utonb 2001 rr.)
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Puc. 3. Crpykrypa BXOZHBIX B BBIXOZHBIX JaHHBIX mporpammbl UAM-V.

OcHOBY MOI€/N COCTAB/IAET MATEMATHIECKOE OMMCAHNE IPoIeccoB Auddy3nun U XUMIIECKIX PEeAKITI
C Y9ETOM DMHUCCHUIL, CyXOT0 U BJIAXKHOIO OCAXKJIEHU 3arPA3HAIONINX BemecTs. [ljig pemenus ypaBHenuii
XUMUYECKOl KWHETUKHU UCIOB3yeTCd TaK Ha3bIBAEMbII MEXaHU3M YTJIEPOIHBIX CBA3€l, KOTOPBIi TO3BO-
JisieT Pa3duTh OPraHuIeCKne COeIMHEHNS Ha, IPYIIbl B 3aBUCUMOCTHU OT XUMUIECKUX (PYHKIIMOHATHHBIX
rpynn (mapadussl, ojedUHbl, KETOHBI U Jp.) W TEM CaMbIM yMEHbBIIUTh HA TOPSIIO0K KOJTUIECTBO Pac-
cMaTpuBaeMbix peaknuii. Tak, ucnosb3yemsbrit nocieaneit Bepcueit UAM MexaHu3M yriiepojiHbixX CBsi3eit
¢ Brrodernem tokcmueckux coennuennit CB-IV-TOX yuureiBaer 100 peakmuit g 6oree wem 30 xu-
MHYECKMX COeJIMHEeHUH, B TOM uncie peakuuu dhoronusa ais 7 coequuennit (NOg, Oz, HCHO,, HCHOy,
areTasbIern, akpojaent u rpymnma anbaerungos ALDX).

Mogens UAM-V ucnonb3yercs jijisi pacdeToB KOHIEHTPAIMI 030Ha, HO MOXKET ObITh UCIOIb30BAHA
TaKKe J7Is MOJEJTHPOBAHMSA KOHIIEHTPAIUI APYTUX MAaJIbIX Ta30BBIX COCTABJIAIONINX B armocdepe u
JIJIST PACYETOB, KOTOPHIE HE BKJIIOYAIOT HUKAKNX XUMHUYECKUX peakmuit. B Momenm pemraercs cucrema
yPaBHEHMII HEIPEPLIBHOCTH IS COeINHEHNI MeTOA0M (PPAKIMOHHBIX IIAroB, B KOTOPOM BBIMHC/ICHHS
IPOUBBOAATCA B CAEAYIOMIEM TOPSIIKE:

1) ¢ burcupoBaHHBIM BpeMEHHBIM IIAaroM (0OBIYHO 3 Yaca) BBOASATCS HOBbIE CKOPOCTH SMUCCHIA,

2) pelalTcs ypaBHeHUsl TOPU30HTAIBbHOI ajaBekunn/ uddysun,

3) perarorcsa ypaBHEHHsI BEPTHKAJIBHON aaBexinn/ mudDy3un u 0CaKIeHNs U YPABHEHUS JJIsl XU~
MWYECKN aKTUBHBIX COEINHEHUIt,

4) BBIMOJHAIOTCS PACIEThI XUMIYECKUX TPEOOPA30OBAHIIIA.

OTta 4-cryneHyarast MpOLeLypa PElIeHus ypaBHeHT 0COOEHHO y100Ha, JIJIsl OIEHKHU BJIUSTHUST MUC-
CHOHHOT'O CIIEHApHs HA KAYECTBO I'OPOACKOro Bo3ayxa. OOBITHO MOMEIHPYIOT SMU30/bI MOBBIIMIEHHBIX
KOHIIEHTPAIMit 030HA, KOTOPbIE HAOMIOAAMMCL (00braHO 2-3 aust). Bxomubie daiiabl maia mogenn ro-
TOBSITCS 110 HADJIIOJEHHBIM METEOPOJIOTHIECKNM JAHHBIM C YIeTOM Oporpaduu BBLIOPAHHOIO JTOMEHA,
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Puc. 4. Kouuenrpauuu ozona 19-20 asrycra 2000 r. 10 JjaHHbIM u3MepeHuil (CILUIOUIHAS JIMHUS) U [0 PE3YJib-
TaTaM MOJE/IUpPOBaHUs (IPEPLIBUCTBIE JIMHUK) CO mKaupoBanubiMu smuccusyu NO, (B 0.2, 1.0 u 3.0 pa3a)

HCIOIB3YS TPOTHOCTHIECKYIO METEOPOJOTHIECKYIO MO/IE/Ib, TAHHBIM 10 S9MUCCUSIM U KQIeCTBY BO3/1yXa
(n3mepenns 'mapomercayk6b1 mag Kuesa) mis oTmesbHOrO THA WIn pynnel jgHeii. CxemMaTudeckoe
npeacTraBjaeHue CTPYKTYPbI BXO/HBIX W BBIXOJHBIX JaHHBIX Ja€TCd Ha PUC. 3

Ha puc. 4 )XupHOit CIIONTHOM JTUHUEN TOKA3aHBI PE3Y/IbTAThl N3MEPEHN I X018 KOHIIEHTPAINT 030HA
B Teuenue 19-20 asrycra 2000 r. IlpepbiBucThiMu JIMHUSAMY MOKA3AHBI PE3YJIHTATHI MOIEJIUPOBAHMS
KOHI[EHTPAINU 030HA J/Is Pa3IndHbix yposreii smuccuiit NO, (8 0.2, 1.0 u 3.0 paza).

Kpowme orienky 030HOBBIX KOHIIEHTPAIUI IPU TEKYIIUX YPOBHAX SIMUCCUM, MOJIEIb MOYKET UCIIOIB30-
BAaThCA TaKzKe U JJIs TpeJCKa3aHns BANIHNAS Ha KATeCTBO BO3AyXa MPOEKTUPYEMOr0 CHIKEHNST YPOBHEH
smuccuit B Oyayiiem.

SAKJIIOYEHNE

Pabora eermosastercst B pamrax Epponeiickoit nporpamvbl EUREKA | npoekr EUROTRAC-2, noj-
mpoekT SATURN, ocHOBHOI 3aadueil KOTOPBIX SABISETCA W3YUEHWE PACIpEIeeHUs 3arps3HeHnii aT-
Moc(EpPhl KaK B PErMOHAIBHOM MACIITade, TaK u B MaciiTade KPYIMHOrO eBPOIEHCKOro ropoja. Jra
3a/iada TpebyeT Kak pa3paboTKM aIeKBATHBIX METO/IOB U3MEPEHUl KOHIEHTPAIIUN 3arps3HIIOIINX Be-
[IECTB, TAK U yCOBEPIIIEHCTBOBAHUS MOIEIbHBIX METOI0B n3yuenus 1uddy3un 3arpa3ugionux BEIecTB
AHTPOIIOTEHHOTO U OMOTeHHOI'0 MPOUCXOXKEHNA U 00pa30BaHUsl BTOPUYHBIX 3arps3uureseii. Pusuko-
XUMUYIECKHUE MPOLECChl (DOPMUPOBAHUSI MMOBBIIEHHBIX YPOBHEH TPOMOC(EPHOTO 030HA B COYETAHUU C
BJIMSTHIEM METEOPOJIOTMYECKUX YC/IOBUN B IOXKHBIX €BPOIEHCKUX TOPOJAX CTAIU IPEIMETOM H3y4YeHUs
unoBoro noanpoekTa FOSEC.

OrpabarsiBaembie B 'TAO HAHY merosbl udaMeperust ¢ MOMOIBI0 WHOPAKPACHOTO (DyPhe-CIIeKTPO-
MeTpa, a TaKyKe OBICTPOil 06paboTKK HAO/IIOEHUI 1 MOHUTOPUHIA 3arpsi3HeHuil arMocdepbl BMecTe ¢
Merogamu MoaeaupoBanus auddy3un drux 3arpa3uenuit A Kuesa npeacTtaBiagioTcs O9eHb aKTya b
ubiMu. OcoOblil UHTEpeC MpejCcTaB/IsieT u3ydeHrne pekuma (pOPMUPOBAHUs 030HA B PA3HBIX pailoHAX
KI/IeBa. 1 ero OKpeCTHOCTAX, TO €CThb ABJIACTCA JIM KOHIECHTPaOWud O30Ha I‘IyBCTBI/ITe.)'[])HOIt/’I K OrpaHn4ve-
HUIO COJIEPKAHUS B HUKHUX CI0SIX aTMOCKhEpPhl OKUCIOB a30Ta UJIHU JIETYIUX OPraHUYeCKUX COETUHEHM.
9Ta. 3a/a49a BazKHa KaK JJId IIPOTHO3UPOBAHUA SIIN30/10B IMOBBIIIECHHBIX ypOBHeﬁ ITpuU3eMHOro 030Ha, KO-
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TOPBIil OMaceH [Ijisd 3/0POBbsl U€JI0BEKA M BEreTAal[ud PACTEHUil U ypoxKaeB 3epPHOBBIX KYJbTYDP, TaK U
JIIsi BBIPAOOTKU MOJUTUKK PEryIupOBaHus KOHIEHTPAIWil 030HA myTeM orpanudenus BbiOpocoB NO,
I JIETYy4InX OPraHmvIeCKux COQHI/IHGHI/II;'I.

Cosmannsrit B TAO HAHY koMmmieke mporpaMM Mo3BOJISIET PeiaTh MOCTaBIeHHbIe 33 aan. Hagarsr
SMU30AMYECKUEe n3MepeHus nH(PPAKPACHBIX CIEKTPOB aTMOCKhEPHI C MOMOIIBI0 (Dypbe-CIeKTPOMeTpa,
KOTODBIE IIJIAHUPYETCs IEPEBECTU B PETYJIAPHBIII MOHUTOPUHT B CJIEAYIOIIEM 'Oy, BejJeTcs ux obpabor-
ka 1o nporpamvam FLUX, FITFAST u MODTRAN. IlpoBogsarcst peryJ/isipHble u3MepeHusl KOHIIEH-
Tparuu Tpu3eMHOTO 030Ha B llenTpamsaom Gotanmdeckom camy HAHY ¢ momorpio yabsrpaduosero-
BOI'0 O30HOMETPA. BBIMOIHAIOTCA MO/IE/IbHBIE PACIYETHI PACIPOCTPAHEHNS 3ArPA3HEHUN B KOHKPETHBIX
YCJIOBUSX WHTEHCUBHOCTEW BBIOPOCOB M METEOPO/JIOTMYECKUX MApaMEeTPOB, C UCHOAb30BanueM auddy-
3UOHHBIX MOﬂe.HefI, 1 Ha4YaTbl PaCYeThl JJId OINMCaHUA Ha6.HIOﬂa.eMbIX O30HOBBIX 31MU30/I0B C y4Y€TOM
doroxnmmaeckux mporeccos mo mporpamme UAM-V. HeTbipexmepHoe MOTEINPOBAHNE CHHOMTHIECKOMN
CUTYyaIluu JIjIst UCIOJIB30BAHUST BBIXOJHBIX JaHHBIX st pacderos ¢ UAM-V npoBoguTcs ¢ moMOIIbIO
“IIpormocrudeckoii Mereoposormaeckoii Moxenn” (PMM).
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