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CorocTaB/IeHIsT pe3yIbTaTOB MOIETNPOBAHIS MOJIEN COMep/KaHIsI 030HA B atMocdepe ¢ JaHHBIMU Pa3JMIHBIX
THUIIOB U3MePeHUil MO3BOJISIOT OLEHUTh KaueCcTBO MoJeJieil /s UCIOJb30BaHUSA MX B JOCTOBEPHBIX IPOTHO3aX H3-
MeHeHUil 030HOBOTO cJios1. [IpoBe/leHbI COMOCTABIEHNST CIIYTHUKOBBIX 1 HAa3eMHBIX U3MepeHUil comepKaHus 030Ha
B IBYX atMocdepHbiX caosx (0—25 u 25—60 kM) ¢ JaHHBIMU YHCIEHHOTO0 MOJEJIUPOBAHNS ¢ TIOMOIIbIO MOJIENH CO-
cTaBa HIDKHell u cpefHeil atMocdepnr a1 paiiona Caukt-Ilerep6ypra. CpaBHUBAINCh CpeHEJHEBHbIE U CpeJIHe-
MecsuHbIe 3HaYeHHs COJePKaHusA 030Ha B Tedenue 3,5 jer (monb 2011 — mexa6pp 2014 rr.). B memoM corsacue
9KCIEePUMEHTATbHBIX U MOJIEJbHBIX 3HAUEHHUil COMep KaHUSA 030HAa B JBYX CJOSX XOpOIIee WM yIOBJETBOPHUTENb-
Hoe. TeM He MeHee OOGHapy’KeHBI CHCTEMATHYECKUE OTJIUYMS CIYTHUKOBBIX M Ha3eMHBIX JAHHBIX OT Pe3yJbTaTOB
MojenupoBanusa. Mojiesb 3aBbIIIaeT 030H 110 CPABHEHUIO CO CIIYTHUKOBBIMU U3MEPEHUSMI B OCEHHe-3MMHUN Tepu-
ox B cioe 0—25 KM ¥ 3aHIKaeT 030H B cjoe 25—60 KM B TOT sKe IepHoA. ITH 0COOEHHOCTH MPOSBISIOTCS U MPH
CPaBHEHUSAX CPeIHEMEeCSIHbIX 3HaueHuil. Momesrb B psle ClydaeB JIeMOHCTPUPYET CUJIbHbIE I «BBICOKOUACTOTHBIE
KoJiebaHKsI 030Ha, He BCeTJa 3aperucTpUpPOBaHHbIE B U3MEPEHUSX.

Kntouesvie crosa: armocdepHblii 030H, Mojenn atrMocdepbl, AUCTAHIIMOHHbIE METObI M3MepeHHil; atmos-
pheric ozone, atmospheric models, remote sensing methods.

Bsenenne

CpaBHeHUs pe3yJIbTaTOB MOJIETNPOBAHNS TIPOCTPAH-
CTBEHHO-BPEMEHHBIX BapHUallnii co/lepsKaHns 030HA C JTaH-
HBIMH Pa3JMYHBIX M3MepeHUil MO3BOJAIOT OIEHUTh Ka-
YecTBO MO/ ¥ TIPOBECTH €ee YTOUYHEHUs, 4YTO JaeT
BO3MOKHOCTb HCIOJIb30BATh MOJIeJN [IJIsI JJOCTOBEPHBIX
IIPOTHO30B U3MEHEeHW!l 030HOCdepbl NPH Pa3TUYHBIX
CIIeHAPHAX AHTPOINOTEHHBIX U eCTeCTBEHHBIX BO3JeNCT-
Buit Ha Hee. [To06HDBIe cpaBHEHNS ¢ M3MepeHUAMH 06-
mero cogepskanus ozona (OCO) mpoBoaNINCh HEOTHO-
kpatHo (cM, HatpuMmep, [1—7]). PaccMoTpenne Tobko
nanabix OCO He MO3BOJISIET BBIIEJIUTH BCE BBICOTHBIE
XapaKTePUCTUKN U3MEHYHBOCTH COJEP>KAHMS O030HA,
a Takke OOBEKTHBHO HIeHTU(UIMPOBATH (POTOXUMU-
YecKie U JuHaMudeckue (hakToPbl, ONpeIesISIoNIie 0co-
6eHHOCTH HaGJI0aeMOoil Ce30HHOU W MEKTOJ0BOI m3-
MeHunBoCTH. Bostee nH(MOPMATHBHBIMU SABJISIOTCS CPaB-
HEHUS [T OTJENbHBIX CJ0eB atMocdephl, TaKk Kak Ha
PAa3HBIX BBICOTAX MPEBAJUPYIOT pa3Hble MPoilecchl (hop-
MUPOBaHUS U TpaHC(HOPMAIIH 030HA.

B HacToseil ctaTbe aHAIU3UPYIOTCS PE3YJIbTaTh
COIIOCTABJIEHNUST I3MEPEHHbIX U CMO/IeJTMPOBAHHBIX JaH-
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HBIX TI0 COJIEP/KAHMIO 030HA B JABYX aTMOCQEPHBIX CJIO-
ax: 0—25u 25—60 kM. CpaBHeHUS TTPOBE/IEHBI KaK JIJIsd
CpeHeCYTOUHBIX 3HaueHnil (4To BasKHO, HATIpUMep, [IIsT
MIPOTHO30B TTOSABIEHUST 030HOBBIX «MUHU-JIBIP» W TIOBBI-
menust Y MD-0CBeNeHHOCTH [TIOBEPXHOCTH ), a TaKsKe s
cpellHeMeCSYHbIX 3HaveHuii copepxkanus ozoHa (uTo
AKTYaJIbHO I KJIUMATOJOTHYECKUX HUCCJAeJI0BAHUIA).

N3mepenus

B pa6ote amammaupyioTcs [Ba THUNA U3MepeHuit
030Ha — CIIyTHHKOBbBIe 1 Ha3eMHble. B kauecTBe cIIyT-
HUKOBBIX U3MepeHUl MCI0Ib30BANCDH JJaHHble U3Mepe-
nuit npu6opom Solar Backscatter Ultraviolet Instrument
(SBUV), kotopbiii mo3Boasger uameparbh kak OCO, tak
1 coJlepskKaHie 030HA B PA3JUYHBIX BBICOTHBIX CJIOSAX.
ITpu6opsr Turra SBUV usaMepsioT CIeKTPbl PaccessHHOTO
1 OTPa’KEHHOTO COJTHEYHOTO N3 Iydenus B Y D-obmactu [ 8].
Ommcanug npubopa, aarOPUTMOB HHTEPIIPETAIINN 1 aHa-
JIN3 TIOTPEITHOCTell n3MepeHnil pUBe/IeHbl, HAIIPUMep,
B pa6ote [9]. Ot™ern™m, uto ¢ 1970 T. 119 MOHUTOPUH-
ra 030HOC(epbI HCIOIb30BATICH YiKe JeciaTb TpuGopoB
SBUV mHa pa3iuyHBIX CIyTHUKAX, U METOAMKU KaJn6-
POBKHM TIpHGOpa 1 MHTEPIIPETAIINH XOPOIIO OTPabOTaAHBI.
[Tpu6oper SBUV ocylIiecTBASIOT HaJUPHbIE N3MEPEHUST
cnekTpoB B obyact 250—340 HM IPU TOPU3OHTATBHOM
paspemernnu npumMepHo 200 x 200 kM. ToyHOCTH CITyT-
HUKOBBIX U3MepeHUil paccMOTpeHa BO MHOTMX padoTax
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(cm., mampumep, [9, 10]), B KOTOPBHIX IIOKa3aHO, 4TO
MOTPEITHOCTH OTpe/le/IeHUsT COepPKAaHUs 030HA B TOJI-
CTBIX CJIOSIX HE 3aBHUCSAT CYIIECTBEHHO OT BJIUSIHUS Ka-
YecTBa anpropHON uHbOpMAIUN U COCTABIAIT 5>—15%.

HaseMHble n3MepeHUst cofep’KaHUs 030HA MPOBO-
nuuch Ha crauiuu [lereprod B6am3u Caukr-Iletep-
6ypra (koopauHatsl 59,88° c.11., 29,82° B./1.) ¢ OMOIIHIO
CIIEKTPAJTBHOTO KOMILIeKca Ha 6asze Dypbe-cIeKTpoMeT-
pa (OC) Bruker 125HR [11]. 9Tu usMepeHusi ocHoBa-
HBI Ha WHTePIpeTauu creKTpoB mpsamoro UK comned-
HOTO M3JIy9eHUs BBICOKOTO CIIEKTPATHHOTO Pa3perieHus.
OCO u a1eMeHTBI BepTHKaabHOro npoduis ozona (co-
JlepsKaHusl B OTAEIbHBIX CJOSIX) ONPENEsINCh M0 U3-
MepeHnusIM B MIThb <«MHKPOOKOH» B HUHTepBase 991—
1014 cM™' (cM. moxpo6uee [12]). CpaBHeHmsT HazeM-
HBIX M3MEPEeHHI ¢ Pa3JINYHLIMU HE3aBUCHMBIMHU, B TOM
YIcJie CIIyTHUKOBBIMHU, N3MePEeHUsSIMU TPUBeeHbl B pa-
6orax [13, 14], rae mokasaHo, YTO Ha3eMHbIE W CITYT-
HUKOBBIE W3MePEeHUs CO/epKaHUs 030HA B PA3JIMYHBIX
cnosx aTMocepbl coriacoBaHbl B mpefenax 5—17%.

ITpocTpaHcTBeHHbIE U BpeMeHHbIe TpeGOBaHUS MPH
or6ope MaHHBIX U3MepeHuil OBLIN [OBOJBHO MSATKUMHI,
YTOOBI TIOJIYYUTD TOCTATOYHO MPE/ICTABUTEIbHbBIE aHCAMO-
n ans cpaBHenuit. Hazemubie VK-m3Mepenus: npoBo-
JINJIICH TIPU HAJMYUU TPSIMOTO COJHEYHOTO M3JTydeHUsT
(6e306maunas armocdepa nin GoJIbIINe Pa3pbiBbl B 00-
nakax). IToCKOJIbKY CIIyTHUKOBBIE n3Mepenust Hal CaHkT-
[Tetep6yprom npuxoamanch Ha 10—11 1 no I'punBuuy,
JUIST Ha3eMHBIX U3MepeHuil Mbl 6pajiil cpeHue JaHHbIe
3a nmepuoj ¢ 8 g0 14 4. Vcnosb3oBaHHBIE B COTIOCTAB-
JleHusAX cnytHukosble udMepenus SBUV Bepcuun MOD
(Merged Ozone Data) uHTerpupoBaHbl U HHTEPIIOJINPOBA-
HBI /711 KOOPAMHAT cTaHIun 1oc. Boeiikoso (59,97° c.m.,
30,30° B.11.).

Mogaen

Jl1st M3y4eHnsT BBICOTHBIX M BPEMEHHBIX 0COGEHHOC-
Teil M3MEHYMBOCTH COJEPKAaHUS O30HA IPOBOIIINCDH
YUCJIeHHbIe 9KCTIEPUMEHTBI ¢ TI06ATbHOI MOJEIbIO CO-
craBa HUsKHeil u cpenneii armocdepsr (MCHCA). Mo-
JleJTb ObLTa co3/laHa HA OCHOBE XUMUKO-KJINMATUYECKOI
Mojies MHeTuTyTa BhruncanTe bHoil Marematuku PAH
n Poccuiickoro rocyapcTBeHHOTO T'MIPOMETEOPOJIOTH-
yeckoro yHuBepcutera [15] u paHee ycrenrHo mpume-
HAJIACh JIJIST pellleHnd 3a/1a4, CBI3aHHBIX C B3anMO/jleii-
cTBUeM (pU3NUeCKUX U XUMUYECKHUX I[IPOIeCCOB B aTMO-
cepe [16—18].

B ornmdme oT XUMHKO-KINMATHYECKOI MOenu,
B MCHCA moJis1 BeTpa, TeMIlepatypbl, BJIKHOCTH 1 JaB-
JIEeHHS He PacCYUTBIBAIOTCS, a 3aJaloTCsS IO JIAaHHBIM
peanasm3a. B HacrosimeM wuccJeJOBaHUN HMCTOJb30Ba-
ek ganuble peanaymza MERRA (Modern-Era Retro-
spective Analysis for Research and Applications) [19].
Mogenp MCHCA oxBaTbIBaeT BBICOTHBIN JHalla30H
0—60 kM, yuuTBIBaeT M3MEHYMBOCTH 74 MaJIbIX Ta30B
atMocdepbl, B3auMo/IeficTBYIOMUX B 174 XUMIYECKUX
peakugax u 46 peakimax goToaucconuanuu. Vcmomanb-
30BaHHMe JaHHBIX peaHanansa [19], mpeacTaBiagONINX
co60if CcOTJIacOBaHHBIN € TMOMOINBIO THUAPOAUHAMIYE-
CKOil Mopenn ydeT GOJIBIIOTO KOJUYECTBA HA3eMHBIX

7 CIIyTHUKOBBIX M3MepeHUil, T03BOJIIET MPOMO/IETNPO-
BaTh PeakInio cojepsKaHus 030HA Ha peasbHO HabJIio-
JlaeMyI0 M3MEHUYUBOCTb JAMHAMHYECKUX XapaKTepUCTHK
atMocdephl.

HecMoTpss Ha TO 4YTO TpeaMETOM WCCJIeTOBAHUST
Hacrosmell paGoThl SIBJIETCS JIOKaTbHas M3MEHUNBOCTh
cofiepKaHus 030Ha, AIUTEIbHBIN MepHo/l aHaInu3a Tpe-
6yeT ydera BJIUSHUS TIPOILECCOB, UMEIONNX OJU3KUil
K riobanbHOMYy MacmiTab. B aroil cBs3u s Tipeji-
CTaBJIEHHOTO B HACTOAIIEH CTaTbe aHa/N3a MCIO0Jb30-
Basach TobanbHas Bepcuss MCHCA, 49To T03BOJINIO
y4ecTb BJIMSIHHE IIPOIECCOB TIJI06ATHHOTO MaciiTaba
Ha U3MEHYMBOCTDH cojlepKaHugd o30Ha BO/mM3N CaHKT-
ITetepOypra, omHaKo, B CBA3HW C JOCTaTOYHO TPyOBIM
TOPU30HTATBHBIM pa3pellieHneM TI06aIbHON Moaean
(okomo 300 x 400 kM [T MCCJIe[yeMOTo pernoHa), 3To
IIpUBEJIO K CYIIeCTBEHHOMY OCpPeJHEHHIO pe3yJIbTaTOB
MOJIeTUPOBaHUsI. MeXKIy TeM mocjeHee 0O6CTOSITENbCT-
BO B KayecTBe /[IONOJIHUTEJbHOTO pe3yJibTaTa MO3BOJIA-
€T OIleHNTDb, HACKOJbKO JIOKaJbHbIe Ha3eMHbIe U3Mepe-
HUS COOTBETCTBYIOT M3MEHUNBOCTH 030HA, XapaKTepHOI
JUIsT perroHa B I[eJIoM, TeM O6oJiee 4TO CITyTHHKOBBIE
n3Mepenusi SBUV taxske IpHUBSI3aHbl K J[PYToil TOUYKe
UCClIe/lyeMoro pernoHa.

MoieTbHbIE 9KCTIEPUMEHTBI, HCIIOJb3yeMble B Ha-
croseit pa6ote, otHocaATca Kk 2011—2014 rr. Mamene-
HUS TIOTOKOB T'a30B € MO/ICTUJIAIONIEIl TTOBEPXHOCTH, CO-
JlepsKaHus a3po30Jisd, TeMIlepaTypbl TOBEPXHOCTH OKeaHa
U TUJIOMIAJN TOKPBITUS JIBJOM 3a/laBajiiCch Ha OCHOBa-
HUU clleHapueB BceMupHoil MeTeopoJioTMueckoit op-
TaHU3AIMK, MCHOJIb3YeMbIX IIpH OleHKaX H3MeHeHUs
o30HOBoro cyos 3eman [20]. AHammsy u cpaBHEHHIO
B JIAHHOH CTaTbe MOJBEPTAINCHh CPEHECYTOUHbIE 3HAUEe-
HUS COlePsKAHUS 030HA B IBYX aTMOC(EPHBIX CIOIX —
0—25 1 25—60 M.

CpaBHeHue pe3yJbTaTOB
MO/IETUPOBAHUS U U3MePeHHid

[Tpu conocTaBeHNN JaHHBIX MOJIETUPOBAHUS 1 13-
MepeHHil Ba)KHO YCTAHOBHUTb KPHUTEPHUU XOPOIIETO,
VIOBJIETBOPUTEIBHOTO ¥ HEYIOBJIETBOPUTEIBHOTO CO-
ryacus. JTH KPUTEPHH 3aBUCAT B OTpe/leIeHHOU cTe-
MEeHW OT TIOTPeNTHOCTell WCIOJIb3yeMbIX W3MepeHHit,
MIPOCTPAHCTBEHHO-BPEMEHHBIX Bapualnii TMoJiT 030Ha
7 BO3HUKAONINX OTJNYNN W3-32 TPOCTPAHCTBEHHOI
U BpeMEHHOH pPaCcCOTJACOBAHHOCTH PA3JUYHBIX JaH-
HbpIX. [IpuMeM, 4TO [JIsT HIDKHETO CJIOSI C CO/lEepsKaHueM
~200—300 e./l. xopoiee, yI0BJIETBOPHUTEJbHOE U He-
VZIOBJIETBOPUTEIBHOE COTJIACHEe MOJeTM U W3MepeHHil
cootBercTByIoT 5, 10 u 15% mu Gomee (10—15, 20—30
n 30—45 e./l. n 6omee) cOOTBETCTBEHHO. [[JIs1 BEPXHETO
ciog ¢ cofepskanueM ~ 100 e./l. cooTBercTBYyIOIINE Be-
JguauHet 6yayt 5, 10 u 15 e./l. u 6oree.

Jlng caog 0—25 KM HeyTOBJIeTBOPUTEIbHOE COTJIa-
cue MeK1y M3MepeHUsMH W MOJeJupoBaHueM HalJIIo-
JlaeTcsl B OCeHHe-3MMHe-BeCeHHUe Tepuo/Ibl, B YaCTHO-
ctu B Hosi6pe 2011 — mapre 2012, suBape—mapte 2013,
nexkabpe 2013 — mapre 2014, nmexabpe 2014 r. Ilpu
5TOM MO/IeINPOBAHNE J[EMOHCTPUPYET B cpe/HeM Golee
BBICOKUE 3HAUEHUS COJIEPKAHUS 030HA, YeM U3MePEHUsI.
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BHe yka3aHHBIX TEePHOIOB COTJIacHe MeXKAY H3Mepe-
HUSIMI ¥ MOJIeJIbHBIMU 3HAYEHUSIMU XOpoliee U Y/OB-
JIETBOPUTEbHOE — KaK ITIPABUJIO, PACCOTJIACOBAHUS He
npesbimatoT 20—30 e./[. IIpu aTOM MOXHO OTMETUTD,
YTO B pslle TEPUoJOB 0O6INe TeHIEHINN N3MeHEHUS
coJlepsKaHusI 030HA, B TOM UHCJE €ro KPaTKOBpeMeH-
Hble BapHallii, COTJACYIOTCSI O4YeHb Xopolmo. B To ke
BpeMsI MHOT/Ia OTMEYAIOTCsI 3HAYHTEeIbHbIE PACCOTIACO-
Barust (o 80 e./[.) Mexay CIyTHUKOBBIMH H3Mepe-
HUSIMI U MOJIeJINPOBAHIEM, HO KaK TOKa3as JOIOJHU-
TEJIbHBIN aHATHN3, 3TO OOYCJIOBJIEHO MPOCTPAHCTBEHHO-
BpPEMEHHBIM PACCOTJIACOBAHNEM JaHHBIX, YTO IMOJTBEp-
JKIAI0T W3MEpPeHNs JPYTUX CIyTHUKOBBIX TIPUOOPOB.

OTMeTnM, UTO B ps/le cIydaeB HAGJIIOAAIOTCS 3HA-
YUTeJbHbIE OTJNYMI MeXK1y HA3eMHBIMH U CIYTHUKO-
BBIMU M3MEPEHMUIMN, YTO MOXKET TaKyKe 03HAuaTbh BJIUL-
HUe TPOCTPAHCTBEHHO-BPEMEHHOII PacCOTIacCOBAaHHOCTH
Pa3HBIX JaHHBIX. B psjie Iepno/IoB NPUCYTCTBYIOT «BBI-
COKOYACTOTHBIE» BapUAIH 030HA KaK TI0 JaHHBIM MO-
JIeJT, TaK W OTYACTH TIO CIYTHUKOBBIM U3MEPEHUIM.
OT/eTbHble MAKCIMYMBI I MIHUMYMBI MTPEKPACHO BOC-
TIPOU3BOIATCA TI0 PA3HBIM JaHHBIM, HO He BO BCEX CJIY-
yagx. Ha puc. 1 mokasan mpuMep 3HAUUTETHHBIX pac-
XOXKJIEHUN MeKIy MaHHBIMH MOJETUPOBAHUS U M3Me-
peHmii, Korjla OTHOCUTEIbHbIE PACCOTJIACOBAHUS B CJIOE
0—25 kM gocrurator 20—25% (monb—oktsaéps 2013).
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Puc. 1. CpenHesHeBHbBIe 3HAUEHHS COJEP’KAHIA 030HA B CJIO€
0—25 KM, TOJlydeHHBbIe IO JAaHHBIM HU3MEPEeHUil U MOIeTNpPOo-
Banusg (a), a Takke uX pasHoctb (6)

IIpu »TOM CIyTHUKOBbIe W Ha3eMHbIe M3MepPeHUs 10C-
TATOYHO XOPOIIO COTJIACylOTCsT APYT ¢ apyrom (B Tpe-
nenmax 5—7%).

g ciost 25—60 kM oTiMunsg MeKy aKCIepuMeH-
TATHHBIMI U MOJIETbHBIMI 3HAYEHUSMH 030HA B 60Jb-
IIMHCTBE CJIy4aeB cocTaBagior 5—15 e./[. B Gompmmma-
CTBe CJIy4aeB BCe JJaHHbIE XOPOIIO OTHCHIBAIOT TeH/eH-
1Y U3MeHeHUil co/iep;KaHus 030Ha, a TAKJKe BO MHOTUX
caydasX — KpaTKOBpPeMeHHble Bapuanuu o3ona. K He-
YIOBJIETBOPUTEIHHOMY COTJIACHIO CJIEJIYeT OTHECTH CJie-
Jyiolye Mepuo/Ipl cpaBHeHNs: HosA6pb 2011 — auHBapb
2012, Hoa6pb—aexabppb 2012, nexabpb 2013 — mapt 2014,
nexka6pp 2014 r. Kak mpaBusio, B aTH TIepUOIBI MOJIEb
3aHIKAET CcoflepsKaHie 030Ha B 3TOM cJjoe. B JieTHIMe
Mecatpl (Hanpumep, nioHe—uioge 2012 1.) Moje b Mpo-
THO3UPYeT GOJIbINe 3HAUYEHNUST 030HA, YeM JaHHbIe U3-
Mepenuii. OTMeTHM, YTO PAa3HUIIA MY Ha3eMHBIMU
U CIIyTHUKOBBIMU U3MEPEHUSME WHOT/Ia OTPHUIlATEIbHA,
a MHOT/Ja TOJIOKHTeJNbHA. AMIUIUTYABl N3MEHeHUil co-
JlepsKaHUsT 030HA B PACCMATPUBAEMOM CJIO€ YaCTO MEHb-
ITe B pe3y/IbTaTaX U3MepeHuil Mo CPaBHEHWIO C Pe3yJIh-
TaTaMW MOJIETMPOBAHUA. AMIUTATYa <«BBICOKOYACTOT-
HBIX» BapHUaIliii 030Ha y Mofiesin focturaet 20—25 e /[.,
KOTOpble He BCerJa PEeruCcTPUPYIOTCS B H3MEPEHUSIX.
Puc. 2 gemoHcTpupyer oanH u3 caydaeB (deBpasb—
mionb 2012 r.), Korja cMo/ieMpoBaHHble 3HAYEHHS CO-
Jlep:KaHus 030HA B cjioe 25—60 KM JIydllle COTTacOBaHBI
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Puc. 2. CpeaHeHeBHbIE 3HAUEHUSA COJEPKAHUSA O30HA B CJIOE
25—60 KM, moJryyeHHbIe 110 JaHHBIM M3MEPEeHUil U MOJe/Nnpo-
Banug (a), a Takke ux pasHoctb (6)
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C Ha3eMHbIMU H3MEPEHUAMHU, YeM CO CHYTHUKOBDBIMU.
ITO TaksKke MOKeT ObITh CBSI3aHO C HpOCTpaHCTBeHHOfI
HEOHOPOJAHOCTBIO TI0JIAA 0O30Ha, BeJb Ha3eMHbIe U CITyT-
HUKOBbIE N3MEPEHNA pa3HeCEHbI 110 IIPOCTPAHCTBY, a JaH-
Hble MOJEJTNPOBaAHUA TPEJCTABJIAIOT U3 cebst TOpU30H~
TaJIbHO OCpeJHEHHbIEC 3HaYEHUA.

Anam3s P€3yJIbTAaTOB

CpaBHeHUA colepKaHud 030HA MO JaHHBIM MOJe-
JIMPOBAHUA 1 M3MepeHnii (CIyTHUKOBBIMA U HAa3eMHBIMI
MeToJaMi) TMOKa3aJil B LEJOM XOpOIlee U YAOBJIETBO-
pUTENbHOE COTJIache BpPeMEHHBIX M3MeHeHUil 1 BapHha-
Uit o3oHa B ciogx 0—25 u 25—60 kM 3a HCKJIIOYeHHEM
OT/JIeJTBHBIX Tepro/ioB. Ho mMeloTcsa mepuopl HaJudus
SBHBIX CHCTEMATHYECKIX PACXOKIEHUIT MeKIY CIyTHH-
KOBBIMH U MO/I€JIbHBIMI 3HaueHHAMH 030Ha. OTMeTnM,
YTO OTIpe/IeIeHHYIO POJib B OOHAPYKEHHBIX 3aMETHBIX
OTJIMYUIX MOTYT CBITPATh [IOBOJBHO MATKHE KPUTEPUH
MIPOCTPAHCTBEHHO-BPEMEHHOTO COTJIACOBAHUS CITYTHHU-
KOBBIX I MO/IEJTbHBIX JaHHBIX, MCIIOJb30BaHHBIE TIPH UX
ot6ope.

[To cpaBHeHHIO CO CIIyTHUKOBBIMU H3MePEHUSIMU
HanboJjiee YaCTO MOJIeNIb 3aBBINIAET BEJUIHHBI COJEP-
JKaHUSA 030HA B cyioe 0—25 KM B OceHHe-3UMHMUIT TepH-
0l — 3TO HaGJII0JANOCh B MATH W3 CEMH PacCMOTPEH-
HBIX ToJyroauii. B To ke BpeMd MHOrAa MoJesib 3aHU-
JKaeT cojiepsKaHie 030Ha B 9TOM ¢Jioe, HaIpuMep JIeTOM
2013 1 2014 rr. B cioe 25—60 kM Mojiesib OYeHb YacTo
3aHIKAeT 030H B OCEHHe-3UMHHE MePHOAbl — B INECTH
13 CeMH PAacCMOTPEHHBIX Tosyroauii. TakuM obpasoM,
B OCEeHHe-3UMHHe TMepPHOAbl MOJEb 3aBbINIAET O30H
B caoe 0—25 KM U 3aHIDKaeT 030H B cjoe 25—60 kM.
OTO HATJIAHBIN TpUMep IEeHHOCTH U3Y4YeHWSI CpaBHe-
HUST COJlep’KaHUsI 030HAa B PA3JNYHBIX CJOSX atMocde-
pbl — B 00IeM CcOJiepKaHUK 030HA 3TOT ahdeKT Tpy/I-
HO OGHAPYKUTD.

Mogesb B psifie CIy4aeB JaeT CHJIbHBIE I «BBICOKO-
JacTOTHBIE» KoJieGaHUs 030Ha. HOoTZa WX perucTpu-
PYIOT CIIyTHUKOBBIE U3MepeHNs, HO He Bcerjaa. YKakeM
Ha CJIyYal TIOXOTO ONMUCAHUS MOJIETBIO CITyTHUKOBBIX
Bapuanuii: cioit 0—25 kM — Hog6pb 2011, auBaps 2012,
Mait 2013, utop 2013, suBapp—anpenb 2014, HOsI6pb—
nexkabpp 2014 r.; caoit 25—60 kM — wuionb 2012, ok-
T6pb 2012, auBapb—denpaib 2013, aBryct—ceHTIOPD
2013, nexa6bpn 2013, centsa6pnb 2014 r.

OmnucaHnbple BBIINIE CHCTEMAaTHYECKHE OTJNYUS Ha-
TJISHO TIPOSBJISAIOTCS TIPU CPABHEHUSX CpeHeMecs d-
HBIX 3HAYEHWIT CO/IePyKaHNs 030HA B UCCTETyeMbIX CJIO-
ax (puc. 3). Bugno, uro ama ciaos 0—25 KM B 3UMHHIE
MeCsIIIbl MOJIeJIb 3aMeTHO IIPEBBINIAeT CHYTHHKOBbBIE
JlaHHble, a A7ag caog 25—60 kM Habuogaercs obpaTHasa
KapTuHa. KpoMme TOro, Mojesib, Kak MPaBUJIO, IEMOH-
cTpupyeT GOJBIIYI0 Ce30HHYI0 M3MEHUYNBOCTH COZEPsKa-
HUS 030HA TI0 CPaBHEHUIO CO CITYyTHUKOBBIME M3MepeHs-
mu. 13-3a ocoGenHocTeii HazeMHbIX u3MepeHuii (ToIbKo
B COJIHEYHYIO TOTOMY) B OTAENbHbIe Mecsubl (06bMHO
OCEHbI0O U 3UMOii) MOKeT GbITb BCero HeCKOJIbKO JHeil
C JAHHBIMH, MO3TOMY CpeJHeMecsYHble 3HAYeHUs TToKa-
3BIBAIOT OOJIBIIYIO M3MEHYHBOCTD, YeM OCTAJIbHbIE JaH-
HbIE B 3TOT IIEPHO/I, U HE MOJHOCTHIO OTPAKAIOT KAPTHHY
CE30HHOTO IUKJA CO/lep:KaHusI 030HA. B To ke BpeMms

B BeceHHNe U JIeTHHE MecsIlbl KOJINYecTBO [Hell m3Me-
PEHUIl CTATUCTUYECKU 3HAUYUMO [IJISl TTOJIYYeHUsT CPe/IHe-
MeCSYHBIX 3HA4YeHUil, MOITOMY 3/eChb Mbl HabJio/1aeM
CXOXHe pe3yJbTaThl C [JAaHHBIMHI JAPYTHX aHcaMOJeil.
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Puc. 3. CpeaHeMec;{quIe 3Ha4Y€HUA CoO/lepKaHUA O30Ha, I10-
JIy4eHHbIe 110 JaHHbIM I/IBMepBHI/II;'I u MoJennpoBaHudA, B CJloe

0—-25 (a) n 25—60 &M (6)

2014 r.

PaccMOTpuM HEKOTOpbIE CTATHCTUYECKIE XapaKTe-
PUCTUKH TIPOBE/IEHHBIX coTocTaBeHuii. B Tabu. 1 npu-
Be/IeHbl XapaKTePUCTUKU CPAaBHEHUS M3MepeHuil 030Ha
Pa3JINYHBIMU TIPUGOpaMu Mekay coboil U ¢ pe3yJsbTa-
TaMU MOJIEJTUPOBaHUS JJIsT ciog 0—25 KM.

Bo Bcex Tpex aHCaMOJISIX XOPOIIO COTJIACYeTCS W3-
MEHYUBOCTb CojiepKatus 030Ha B cioe (okouao 20%).
®C Bruker B cpe/jHeM 3aBblliaeT cojiepsKaHie 030HA
no cpasHenuio co SBUV na 4% (10 e./l.), mo cpasHe-
HIIO ¢ MOJIe/IbHBIMU AaHubMI — Ha 1,7% (4 e.[1.). IIpu
3TOM CTaHAAPTHOE OTKJIOHEeHHEe OT CPelHUX Ppaccoria-
COBaHUIl MeXx/y AByMsI THUIIAMM U3MepeHUil HaXo[uTcs
B IIpe/iesiaX TOYHOCTH U3MepeHUil KaxkJ0ro u3 MeTo/I0B.
OTMeTHM OYeHb BBICOKHUII K03(@UIMEHT KOPPEAIIT
MekIy AByMs Tunamu maMepenmit — 0,954. Paccorua-
COBaHUSI MPEBBIMAIOT YPOBEHDb, OOBIYHO JAOCTUTAEMbII
B TIPOTpaMMaxX BaJIUJAINN CHYTHUKOBBIX U HA3eMHBIX
usmepernit (cM., Hampumep, [12—14]), Ho crexyer
y4ecTb, 4TO pu (OpMUPOBAHUN aHcaM6Jieil cpaBHEHUI
U aHAJTH3a UCIOJIb30BAJIICh JOCTATOYHO MITKHe Tpe6o-
BaHMS 110 IIPOCTPAHCTBEHHO-BPEMEHHOMY COIJIACHIO
Pa3HbIX JaHHBIX.
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Ta6auma 1

CraTHCcTHYECKHE XapaKTEPUCTHKU CPaBHEHUIl aHcaMOJell u3aMepeHuii coxep:kanus o30Ha B cioe 0—25 kM
(mmkusist armocgepa) npuéopamu MC Bruker (CIIGI'Y) u SBUV, a rakske AaHHBIX MOJ€JIHPOBAHMS

Yucio Cpennee WamenunBocthb, | PaccormacoBanue, | Koaddpunnenr
[putop . 0 0
coTiocTaBieHUil | coaepskanue, e./l. % % Koppensaiuu R
Bruker 243 23
SBUV 291 233 20 3,9+7,3 0,954 + 0,005
SBUV 229 18
2191 1.9+ 5
Mozers 233 19 1,9+10,6 0,847 + 0,006
Bruker 240 23
263 1,7+10,0 0,90 + 0,01
Mopgenn 236 22

Ta6auma 2

CraTHCTHYECKHME XapaKTEPHCTHKU CPaBHEHUI aHcaMOJiell uaMepeHuii coxep:kanusi o30Ha B cioe 25—60 kM
(umxusisi armocgepa) npuGopamu MC Bruker (CIIGI'Y) u SBUV, a takske AaHHBIX MOJ€JIUPOBAHUS

Yucno Cpennee WsmerunBoctd, | Paccormacosanme, | Koadduiment
[Tpu6op . o o
comocraBieHuil | cogepskanue, e./l. % % Koppesanun R
Bruker 110 14
SBUV 291 108 10 2,1£7,0 0,89 £ 0,01
SBUV 104 12
Moges 219 101 i 2,3+8,6 0,911 + 0,004
Bruker 109 14
263 2,4+£77 0,86 £ 0,02
Mojgenn 106 15 ’ ’ ’ ’

B cpenHeM oueHb XOpPOIIO COIJIACYIOTCS CILyTHH-
koBble usMeperuss (SBUV) u pesysibTaThl MOJETHPO-
BaHMs. Mojiesib 3aBblllIaeT CIIyTHUKOBbIE H3MepeHHs Ha
2% (4 e.]l.), crangaptaoe orkmoHenue (10,6%) e Ha-
MHOTO 6O0JIbIlle, YeM cTaHAapTHoe oTkaoHeHue (7,3%)
TIPU COMOCTABJIEHNN [IBYX TUIIOB n3Mepenuii. [IpuMepHo
TaKKe COTJIACYIOTCSI MeKIy COOOH pPe3yJbTaTbl Ha3eM-
HBIX U3MepeHuil U MO/IeJINPOBAHUS, TOJIbKO Koaddui-
€HT KOPPEJISIINE MesK/y HUME HecKoJbKo GoJbire (0,90
npotus 0,85).

B Tabs. 2 mpuBeseHbl aHAJIOTUYHBIE XapaKTepH-
CTUKI COTMOCTABJIEHUSI PA3JIMYHBIX aHcaMOJell, HO s
ciaog 25—60 kM. AHajsm3 JaHHBIX TabJ. 2 TO3BOJIIET
cieslaTh TIPUMEPHO TaKhe ’Ke BBIBOJBI, KaK U aHAJN3
taba. 1. Moxkno ormerurb, yto DC Bruker memonct-
pPUPYET HECKOJbKO OOJBIIYI0 U3MEHYUBOCTH O30HA TIO
CPaBHEHUIO CO CIYTHUKOBBIMH HAOMIOAEHUSMHI, YTO MO-
JKeT OBITh CJIeJICTBUEM MeHbINeil TOYHOCTH Ha3eMHBIX
n3MepeHuil cofiepsKaHmsd 030HA B paccMaTpUBaeMOM
cJoe T0 CPaBHEHWIO CO CIYTHUKOBBIME. AHAJOTHYHO
MO/IeTbHbIE CO/IEPKAHNS 030HA TaKKe [eMOHCTPUPYIOT
6OJIBIITY IO H3MEHYNBOCTD, YeM JaHHble mpuéopa SBUV.
[l1s1 Bcex cpaBHeHMIT cHCTeMAaTHYeCcKHe PacCcorJacoBa-
HUS MaJlbl, & CTAaHAAPTHbIE OTKJIOHEHUS IIPUMEPHO O/~
HakoBbl. MakcuMasbHblil K03 dUIMEHT Koppessiun
HabIoJaeTcs PN CPaBHEHUAX PE3yJTbTaTOB MOJIETHPO-
BaHUA W CHyTHUKOBbIX uaMepenuit (0,911), B apyrux
COTIOCTABJIEHUSX OH Takke 6/m30K k 0,9.

B pa6ote [5] mpoBoamInch cpaBHEHUS Ha3eMHBIX
usmepernit OCO u pesyabratoB MojenupoBarust (Mo-
geab EMAC [21]). Bbuio mokasaHo, 4TO NPaKTHYECKH
BO Bcex cJaydasgxX MojeaupoBaHHble 3HaueHus OCO
TIPEBBIMIAIOT N3MepEeHHDbIe I 0COGeHHO 3HAYNMO B IIepHU-
0/l 3UMbl — Hayaja BecHbl. KpoMe Toro, MojeJsb Ipej-
cKasbIBaeT 6oubimii pazépoc 3Havennit OCO, yeM Ha-

3€MHbI€ U3MEPEHNUA. BurBozwr atoit paéOTbI B OCHOBHOM
COBITAJAIOT C BBIBOJAMU JAHHBIX UCCJIEJOBAHUI.

3akjoyeHue

[IpoBesieHbl comocTaBieHNs CIIYTHUKOBBIX M Ha-
3eMHBIX U3MepeHUil co/ep:KaHusd 030HA B JBYX aTMO-
cepubix ciaoax (0—25 u 25—60 kM) ¢ maHHBIMHE YKC-
JleHHOTO MozenupoBanus Ay Caukr-Ilerep6ypra ¢ 1o-
mompio MCHCA. Mogeap 6blia co3jgaHa Ha OCHOBE
XUMHUKO-KJIUMaTH4ecKoit Mojien VIHCTUTYTa BBIYUCIIH-
teabHoll MateMatuku PAH u Poccuiickoro rocyaapct-
BEHHOTO T'H/IpoMeTeopoJiornieckoro ynusepcutera. Co-
MTOCTABJISLINCH CPe/IHE/IHEBHDBIE U Cpe/IHEMECSTYHbIE 3HA-
YeHHsI COAEP/KaHMSI 030Ha B TedeHwe 3,5 meT (MOHB
2011 — mexabpn 2014 rr.).

1. B 1esloM corsiacue 3KCIEPUMEHTATbHBIX U MO-
JIeJTbHBIX 3HAYeHWIT CO/lepKaHUsd 030HA B JIBYX CJOSIX
Xopolilee WIH YJI0BJeTBopuTenbHoe. TeM He MeHee 06-
Hapy>KeHbl cHcTeMaTuyecKue OTJUYUS CIIyTHUKOBBIX
1 Ha3eMHBIX [AaHHBIX OT Pe3yJbTAaTOB MOJEJTUPOBAHMS.
Hanbosee yacto Mozeb 3aBbIllaeT 3HAYEHHS O30HA
B cjoe 0—25 KM B oceHHe-3MMHUII Tlepnoa. B atoM ke
cJioe mHOTAa HabJojaeTcss U oOpaTHass KapTHHA — MO-
Je/Ib 3aHIKaeT 030H (HanpuMep, tetoMm 2013 1 2014 1T.).
B cioe xe 25—60 kM Mojesib O4eHb 4YacTO 3aHIKaeT
030H B OCEHHe-3UMHUIT TIEPUO/T.

2. OmnncaHHble cUCTeMaTHYeCKHe OTJIMYNS HaT s/~
HO TIPOSABJISIOTCS TIPU CPaBHEHUSX CPeIHEMECSYHbBIX
3HAUEHNI colepKaHWd 030HA B HUCCJIEAYEMBIX CJOSX.
Mogenb 3aBBIIIAeT 030H MO CPABHEHWIO CO CITYTHUKO-
BBIMHU M3MepPEeHWAMU B OCeHHe-3UMHUI TEPWoJ B CJIOe
0—25 KM U 3aHIIKaeT 030H B cjoe 25—60 KM B TOT Ke
epuoI.

24 Tumodees I0.M., Bupoaaiinen S.A., Cmpuisies C.I1., Mouakos M.A.



3. Mojesb /15 pa3TMIHbIX C€30HOB WHOT/A IeMOH-
CTPUPYET CUJIbHBIE ¥ <«BBICOKOYACTOTHBIE» KOJIEOAHMS
030Ha, KOTOpble He BCeTrJia PerucTpUpyloTcs B CILyTHU-
KOBBIX H3MepeHUIX.

4. Cratuctmyeckue XapakTepUCTUKH MTPOBEIEHHBIX
CpaBHEHUI IEMOHCTPUPYIOT XOPOIIee COTJIACHe MEXKIY
N3MePEHHBIMU U CMO/IETMPOBAHHBIMI 3HAYEHISAMHU 030-
Ha B JBYX cjosix atMocdepbl. HazeMHble nusMepeHus
HEMHOTO TIPEBBINIAIOT KaK CITyTHUKOBBIE, TaK U MO/eJTh-
HbIe JaHHbIE B 000UX CJIOSIX, B TO BPEMST KaK MO/IeTbHbIE
JlaHHBIE B CpelHeM HEeCKOJBKO OOJIbIle CITyTHUKOBBIX
JMaHHBIX B cjoe 0—25 KM u MeHblne B coe 25—60 kM.
CraTtucTuyeckn Jydlle COTJIACOBAHBI MesKay co6oil Ha-
3eMHbBle W CITyTHUKOBBIe HM3MepeHHd 030Ha: HamboJsee
BbIcokne koppensaun (R = 0,95) nabmoaorca B coe
0—25 kM, MUHUMAJbHblE 3HAUEHUS CTAHAAPTHOTO OT-
kaonenus (7%) B cioe 25—60 kM. [l1s1 ocTaabHBIX map
COTIOCTABIEHMIT  KO3((PUIMEHT KOPPEAIIMH — TaKXKe
6m3ok K 0,9, a cTamgapTHOE OTKJIOHEHWE He TPEeBbI-
maer 7—11%.

5. BbiBozbI fanHOit paGoThl B OCHOBHOM COBIIAJIa-
10T C BBIBOJIAMU TIPOBEJIEHHBIX paHee WCCJe0BAHUI
mas OCO [5]: apyras TpexMepHast MOJeJb — MOJENb
EMAC rakske 3aBprmaer Besmunabl OCO B cpaBHe-
HUU C pe3yJbTaTaMU U3MepeHUil, 0cO6eHHO B 3MMHUII
TIePUO/I.

Pa6ora Bomosnena B Cankt-Iletep6yprckoM ro-
CyIapCTBEHHOM YHUBEPCHUTETE.

IKCHepUMeHTATbHbIE UCCTeOBAHIS TIPOBE/IEHbI HA
ammaparype PII «Teomonesnny CII6IY. Ananns gaHHBIX
npoBeJieH 3a cyer cpejactB rpanta PHO Ne 14-17-
00096.
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The comparison of results of ozone fields numerical modeling with various experimental data allows assess-
ing the quality of models for using them in predicting the ozone layer development. We compare satellite
(SBUV) and ground-based (IFS Bruker 125HR) measurements of ozone in two atmospheric layers (0—25 and
25—60 km) with numerical simulation data (Lower and Middle Atmosphere Model) over Saint Petersburg for
the period between 2011 and 2014. We analyze the differences between coincident data pairs for daily and
monthly averaged values. In general, model describes the experimental ozone with good or satisfactory accu-
racy. However, we observed some systematic differences between measured and modeled ozone contents for
some periods. Usually, model overestimates the ozone columns compared to satellite measurements in 0—25 km
layer and underestimates them in 25—60 km layer for the autumn—winter period. The same features we observed
for daily and monthly averages. In some cases, model describes high frequency fluctuations of ozone columns,
which are not observed in experimental data.
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