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B atrmocdepe MOCKOBCKOIo Meramojauca Meroaom
MHOKEeCTBEHHOM perpeccun
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IIpedcmasnenvl pe3ynomamsl NOCMPOEHUs CIMAMUCIMUYECKUX MoOeell epe-
MEHHBIX PS008 AMMOCHEPHBIX npuMecell (636CUEHHbIX YaACTUY PA3SMEPOM MeHee
10 mxm (PM9), CO u NO,) ons cemu asmomamuzupogantvix cmanyuii KOHmpos
3aepasHenus ammocgepvl Mockosckozo mezanoauca. B kawecmee cmamucmuuec-
KOl MOOeNU 8peMEeHH020 PA0a CPEOHeCYMOYHbIX KOHYEHMPAYyuti OmoenvHol npu-
Mecu NPUHUMAETNC MHOMCECTNEEHHAS HENUHEIHAS peepecCusi KOHYEHMPAayuu npu-
Mecu Ha 6HeulHue Gakmopuvl (Memeoponouieckue u opyaue) u 3HAUeHUs KOHYeH-
mpayuu 6 npedutecmeayowue Oxu. Henunelinocmos mooeneil 8peMeHHbIX pioos Mo-
aHrcem Obimb C8A3AHA ¢ 0COOEHHOCMAMU 3A8UCUMOCIU KOHYEHmMpayuu npumecell
om ckopocmu eempa u ¢ Opyeumu gaxkmopamu. Pacuemul noxkasanu, umo npu mo-
0enuUposanuy pao0os CPeoHeCYmouHbIX KOHYEHMPAyull 3aepASHAIOWUX 6eujecms
npuMereHe HelUHeuHOl pespeccull ¢ UCNONb306AHUEM OMHOCUMENTLHO KOPOMKUX
00yuawux 8b100poK daem cyujecmeeHHo OOILULYIO KOPPerayuio paccuumaHHbix
U NOTYYEHHBIX NO OAHHBIM HAOIIOOEHUll 3HAYeHUU KOHYeHmpayuili u MeHvluee
cpednexsaopamuieckoe OMKIOHeHUe NO CPABHEHUI0 ¢ MOOenbl0 UHEPYUOHHO2O
npocro3a.

Knrouegvie cnosa: KOHUEHTpALMs 3arps3HSIIONIMX BELIECTB B aTMoc(depe, cTaTuCTHIeC-
Kast MoJiesib, MOCKOBCKHI MeraroJjuc.

BBenenune

MojenupoBaHrue BPEMEHHOW 3BOJIIOIUU MIPUMEced B TOPOJICKOH aTMocdepe
BAJKHO JUIs PEILIEHMs pslla 3a/lad, B IEPBYIO OUepenb, 1Sl COCTaBICHUS IPOTrHO-
30B MX KOHIEHTpalHuH pa3Hoil 3abmaroBpeMenHocTH [14, 15]. Ilomumo sToTO,
JJIs pelieHMs] 3aJad yNpaBJIeHUs KaueCTBOM BO3JyXa BO3HUKAeT HEOOXOIH-
MOCTb YCTaHOBJICHHUS CBSi3el MeXJy MHTEHCHUBHOCTBHIO M JIOKAJIM3aLHEed UCTOY-
HUKOB BBEIOPOCOB (IIPOMBIIUIEHHOCTD, TPAHCIOPT) M pe3ylbTaTaMH H3MEpeHUs
KOHIICHTPAIlMU TPUMECEH, MOJYUYCHHBIMU Ha CTAIlMOHAPHBIX WM TEPEIBUXK-

* Uuemumym @usuku ammocgepor um. A. M. Obyxosa Poccuiickou axademuu nayk, e-mail:
pasha@ifaran.ru.
** MockogcKuil mexHono2u4eckutl UHCHumym.
**% Hayuno-uccne008amensCKull UHCIumym aspoKocCMuiecko2o monumopunea “Aspokocmoc”.
*AAX BeepoccuticKull HAyUHO-UCCIe008aMeNbCKULL UHCIUTY I MEMPOL02UYeCKOU CTyH#CObl.
FEIEE [ocydapemeenrnoe npupodooxpartoe 6r00dcemuoe yupexcoenue ““Mocakomonumopune”.
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HBIX cTaHmusAX MoHutopuHTra [16]. CymecTBytomue Moaenu sl pacdyeTa KOH-
[EHTPAIMN aTMOC(EPHBIX MpPHUMEcei, Kak MPaBWIIO, Pa3IeisIoT Ha CTAaTHCTH-
YecKHe, yIpOIIeHHbIE OJHOMEPHBIE KBa3WCTAlMOHApHBIE [3] WM WHTErpajb-
Hble OOkcoBbie Mozenu [13, 27], 3iyepoBbl WM JIarpaH)KEBbIE TPEXMEPHBIC
(doroxumuueckue Moxaesnu (3D-monmenu) [11, 14]. B mpaktuke Pocruapomera
U1t MOCKOBCKOTO pEeTHOHA, HApUMep, IMPHUMEHSETCS TpeXMepHas (pOoTOXUMHU-
yeckas monenb COSMO-ART [11].

CrarucTH4eckue Mojieliu, B oTinuue ot 3D-Momeneit, He TpeOyroT HHpOP-
Manuu 00 WHTEHCHBHOCTH HCTOYHUKOB BBIOpocoB. [lomyueHue Takoit mHDOp-
Malliu TPEACTABIICT COOOH CIOXKHYIO 3amady. BelauciauTeNbHBIC 3aTpaThl Ha
MOJIyYEHHUE MPOTrHOCTUYECKUX 3HAUCHHH B CTATHCTHYECKUX MOJEJAX CYILECT-
BeHHO MeHble, ueM B 3D-mozensx. B HacTosmee BpeMsi mpu MpOTHO3UPOBA-
HUM KOHLEHTPAIMU 3arps3HAIONIMX BELIECTB Ha CYTKH BIEpe] TOYHOCThH CTa-
TUcTHYeCKUX U 3D-Mozpeneil mpakTuuecku He pasznuyaercs [19, 21].

McxoaupiMu BEeJIMYMHAMHM B CTaTUCTHUECKHUX MOJCINSIX ABISIOTCS Habmroxa-
eMble paHee U B JIeHb COCTABJIEHHUS MPOrHO3a KOHLEHTPAUH aTMOoC(hepHBIX Npu-
Mecel (BHYTPEHHUX MPEIUKTOPOB — JHJOTEHHBIX MEPEMEHHBIX), a TaK)Ke IMpor-
HO3HMpyeMble U (WIM) HaONloJaeMble 3HAYEHHUs BHEIIHUX MPEIUKTOPOB (IK30-
TEHHBIX MepeMeHHbIX). K 9K30TeHHBIM MPEAUKTOPAM OTHOCIT METEOPOIOTHYec-
KHe BEJIWYMHBI (TeMIeparypy, HampaBlI€HHE U CKOPOCTh BeTpa W ApPyrue), a
TaKxke WHbIe (aKTOphI (KaJeHAapHBIC ACHb U MECSIl, 3arpy>KEHHOCTh aBTOJOPOT
U T. 1.). Mozgenb b0 mpeacTaBisieT co00i MHOXKECTBEHHYH (MJIM JTMHEHHYIO)
perpeccuto (MLR) ¢ ompeneneHHbIME IO MPOILIBIM H3MEPEHUSIM 3HAYCHUSMH
ko3¢ duenToB [32], nubO CONEPKUT HEABHYH (YHKIHMOHAIBHYI 3aBUCH-
MOCTb MEXJYy HIPOTHO3UPYEMOH BEJIMYMHOW M HPEAUKTOpaMU Kak B Clydae
MIPUMEHEHUSI METOJIOB MCKYCCTBEHHBIX HeWpoHHBIX cereil (ANN) [12, 17, 20,
22—25, 28—33]. JInsa nporao3a arMoc(epHBIX 3arpsA3HEHUN, KaK MPaBUIIO, UC-
MOJIB3YIOTCS THOpHUAHBIE Mozenu ¢ aneMeHTaMu ANN mwin MLR, nomonHeHHBI-
MU METOJlaMH HedeTkoil joruku [16], kmactepHoil perpeccun [26], meToq0oM
Ommkadmux coceneit [25], Gnu3kuM K MEeTOJly pacmo3HaBaHusi o6paszoB [5]. K
TUOPUAHBIM OTHOCSTCS MOJEIHU C COBMECTHBIM HCIIOJB30BaHUEM CTAaTUCTHUYEC-
koif u 3D-mozeneit npornosa PM,, Ha tepputopuu EBpomnsr [21].

B MockoBckum meranoiince 3a nociennue 10 et HenpepbIBHO yBeJIMYKBa-
eTCsl YUCJIO CTAaHLUMI MOHMTOPUHTA COCTOAHMS Bo3ayxa. B 2014 r. umcio cra-
LUOHAPHBIX ABTOMATU3UPOBAHHBIX CTAHLMHI KOHTPOJIS 3arps3HEeHHs aTMOC(epsl
(ACK3A) nocturio 47, Bkitodas 4 MyHKTa, paclooKeHHbIE Ha Pa3HOU BBICOTE
OCTaHKMHCKON BBICOTHOH TeJIeBHU3MOHHOW OamHu (BBICOTHBIN MeTeoposioru-
yeckuii komruiekc (BMK) OctanknHo), 6 CTaHIMH — Ha MPUCOCAMHEHHBIX K
MockBe TeppUTOPHUAX U OAHY CTaHINIO — B [loaMOCKOBbE BONM3U 3BEHHUTOPO-
na. B cemm paiioHax MOCKBBI JIOMOJHUTEIBHO HCIOIB3YIOTCS MOOHWJIBHBIE
ACK3A [9, 10].

HaxomnneHnble JaHHBIE MOHUTOPUHTA 3aTPSI3HEHHS aTMOC(HEpbl COBMECTHO C
pe3yibTaTaMi METEOPOJOTHUCCKUX HAONIOJECHHUH Jal0T YHUKAIBHYK BO3MOX-
HOCTB JUISI IOCTPOCHHUS M OTJIAJIKU PA3HBIX CTATUCTUYCCKUX U THOPUIHBIX MO-
JIeJIeH HBONIOMH MMPUMECEH B IeJISIX MPOrHO3a X KOHIICHTPALUU B aTMocdepe
HaJ ypOaHMW3MPOBAHHBEIMH TEpPpUTOpHUSIMH. [lepBBIM pe3ynbpraTaM IOCTPOCHUS
MOJI€JIN MHOXECTBEHHON HEJIMHEWHOW perpeccuu IJis ONpeaeseHus U3MeHe-
HUSI KOHIEHTpauuu auokcuaa azora NO, Ha ofHOW cTaHmuu bupromeBo mocas-
mena pabota [18]. B HacTosmeit paboTe MpUBEICHBI pe3yIbTaThl TECTHPOBAHUS
MOJIeJIM JJIsI KOHUEHTpPALMM B3BEIICHHBIX YacTHL pasmepoM MmeHee 10 mxm
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(PMyp), NO; u CO 1o naHHBIM psijia CTAaHIUA CETH MOHHTOPHUHTA B XOJIOJHBIC
1 TCIIJIBIC nepuomﬂ B paSHI)Ie TOI4bI.

HUcxoaubie JaHHbIE

ABtops! ucrnonp3oBanu ganasie [TIBY “MocoKoMOHUTOPUHT”, TIOIydeHHBIE
Ha cetu ACK3A no r. MockBa u psly npuieraloliux tepputopuil. Mzsmepenus
MPOBOJIMIIUCH B PEKUME PEajJbHOTO BPEMEHU KPYIIIOCYTOYHO C JTHCKPETHU3AIU-
el BBIXOJHBIX JaHHBIX ¢ uHTepBajgoMm 20 mun. B nanpHeieM cpeaHecyTOYHBIE
3HAYCHUsI PACCUUTHIBAIU ITyTEM CYMMHPOBAHUS dTUX HaHHBIX. PailoHBI pacro-
JIOKEHUS CTAaHIMI pa3ieseHbl Ha XKIIIbIC, IPUPOJHBIC, CMEIIaHHbBIe U TpHJIera-
omue K aprocrpagaM. Cxema pacnosioKeHus: cTaHuid B MockBe W Ha Teppu-
Topusax 3eyeHorpana, 3BeHuropoaa u HoBoit MockBel moka3aHa Ha puc. l.
M3mepsanu KOHUEHTpanuio 22 3arps3HSIOLIMX BEIIECTB, XapaKTEePHbIX IS BbI-
OpOCOB aHTPOIOTEHHBIX HCTOYHUKOB MOCKBBH. Ha OONBIIMHCTBE CTaHIMHA W3-
MEpSIOT KOHIICHTPAIMIO B3BEIICHHBIX dYacTuil pazmepoMm <10 mrm (PMyy) u
<2,5 mxm (PM;5), okenaa yrmepoaa (CO), aumokcuna azora (NO;), okcunaa azo-
ta (NO), cymmsl yrieBogopoansix coeaunenuii (CHy), amoxcuna cepst (SO,),
o3oHa (03). Conmepxkanme crneuuduieckux BemecTB (H,S, NH;) m3mepsercs
BOJIM3M MCTOYHUKOB BBIOpOCOB. BOIM3M TpeThero TpaHCHOPTHOrO KOJbIA JIO-
MOJHUTENHHO H3MEPSIIOT KOHI[EHTpAuio 16 3arps3HsSONMX BellecTB (B TOM
gyucie Gopmanpaernaa, 6ensona u 1. 1.) [9].

Konuenrpauuio PM;y usmepsiaum npubopom TEOM, NO, — mnpubopom
ME-9841B, TD, Thermo-17i, CO — npu6opom JI-100. [TorpemHnocts u3Mepe-
HHUs BO Bcex cilydasx He npesbimana 20%.

MeTeoponornieckyo HHGOPMAIHIO O COCTOSHUH MPU3EMHOTO CIIOSl BO3AyXa
(TeMmeparypa, JaBlieHHE, OTHOCHUTEJIbHAs BJIAXXHOCTh, HAMpPaBICHUE U MOAYJb
CKOPOCTH BeTpa) coOupalu co BcexX cTaHUui Mmeramnonuca. B pabore ucnomiabzo-
BallUCh W AHAJOTHYHBIC NaHHBIC (KpOME NaBJICHHS), MOJyYCHHBIC Ha BBICOTE
503 m B BMK OcrankuHo.

JlaHHBIE O TIPUMEHCHHH CTATUCTUYECKOW MOJEIH MPOTHO3a KOHIICHTPAaIlUu
030Ha C MCIOJIb30BAaHHEM MHOKECTBEHHOW JIMHEHHON perpeccuu ¢ 3abiaroBpe-
MEHHOCTBIO 24 u 48 u jis uccienyemoro peruona (r. JoaronpyaHslil) onyomau-
KOBaHbI B pabotax [7, 8].

B nacrosimeit cratbe paccmarpuBarotes psiasl CO, NO, u PMy,. [ns paspa-
OOTKM M TECTUPOBAHUS CTATHCTUYECKON MOJENIM MCIOJb30BaIN JaHHBIE, MOy~
yeHHble B 2009 u 2011 rr. (nanubie 3a 2010 1. UCKIIOYEHBI M3-32 AHOMAJIbHBIX
JeTHUX ToXxapoB). Jns ampoOamuu TPOTHOCTHYECKUX BO3MOKHOCTEH OBLIH
npusiedeHbl nanueie 2013 1.

MopeJib M IPeANKTOPBI

JUIsl CTaTUCTHUYECKOIO MOJECNMPOBAHUS 3arpsi3HEHUs aTMoc(epbl paccMoT-
PHM 3HAYCHHS CPEHECYTOYHOW KOHIICHTPAIMHU KaKoW-Tnbo mpumecu Y; = Y(t)),
OCpEIHEHHbIE 3a i-€ CYTKM AJIsI OTAEJIbHON CTaHIMM MOHUTOpuUHra. Jlns Bpe-
MEHHOTO psifa Y; mpuMeM MOJEIb MHOXECTBEHHOI perpeccun (He 00s13aTeIbHO
JTUHEHHOI) A . L M
Yi=Y+e; Y= 2 0Y,  + P F"(X", ¢,), (1

=1

m=1
rae Y, — IpOrHO3MpyeMoe Ha CyTKH #; 3HaueHHE KOHIIEHTPaluHU; & — omuodKka
HIPOTHO3A.
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Puc. 1. Cxema pacnoyioskeHus CTAaHIUN aBTOMAaTUYECKOT0 KOHTPOJIs 3arpsa3Henus Bo3ayxa ' TIBY
“MOCIKOMOHUTOPHHT.

OT/1e1bHO BBIJICNICHBI CXEMBI PACTIONOKEHH CTaHIHI B 3eneHorpasae, 3BeHUropoe u Ha repputopun Hosoit
MockBsl. /) cTaHIuK BOJIM3KM aBTOMArucTpau; 2) CMeIaHHas TepPUTOPUs; 3) )KUIIasi TePPUTOPHSL; 4) IPUPOI-
Hasi TEPPUTOPHS; J) MHOTOypPOBHEBBIN ITYHKT MOHUTOPUHTa; 6) cranius B TUHAO; 7) reppuropust, o6cieno-
BaHHAs MOOMIIbHOH CTaHUMEH.

[lepBbic wnensl B (1) B pyHKIHH IPOTHO3a I?l. colepiKar MaMsITh O MPOIILIBIX
3HAYCHUSAX UCCICIyeMOU KOHIICHTPALMH (JHIOTCHHBIC IIEPEMEHHBIE) U COCTaB-
JSFIOT aBTOPETPECCHOHHYIO YacTh CTaTHUCTHYecKor mozenu. KoaddumueHrsr b,
HaxOIATCS 10 JAHHBIM HAOMIOACHHUH MO MPHHHMACMBIM aJITOPUTMAaM IOCTpOE-
HUS CTaTHCTHYECKUX MOJEICH.
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BTOpaH YacCTb BBIPpAXCHUA I (byHKHI/II/I Y’. OIIMCBIBACT 3aBUCHUMOCTH OT

BHEIIHMX K MCCIIEAYEMOMY BPEMEHHOMY PSIy SK30TEHHBIX MpeankTopos X"
Kak mpaBuiio, B KaueCcTBE BHEIIHUX IPEIUKTOPOB BEIOMPAIOT METEOPOIOTHYIEC-
KM€ BEJIUYMHBI, KOTOPbIE XapaKTEPU3YIOT YCIOBHUS aTMOC(HEpHOro mepeHoca u
BHyTpeHHHE mpoueccsl Tpancdopmanun npumecu. Pyuxmun F(X™) ¢,) B
MOJICJIM CUMTAIOTCS 3aJaHHBIMH, BEKTOp MapaMeTpoB €, IJs KaxJOW U3 HUX
HaxOQUTCA AMIUPUYECKHU. [ BHEIIHUX NMPEIUKTOPOB MOTYT 3aJaBaThbCsl Kak
WX HpOTHO3MpyeMbie 3HaueHus X'")(f;), Tak M MONydEHHBIC paHEE B MPOLECCE
nabmonennit X"(4; _ 1) [34].

Ipu nuHeiinoi annpokcumamun F™ = ¢, X" nporroctiueckoe ypaBHeHue
(1) mpeBpamaeTcs B MOJeIb MHOXKECTBEHHOH JMHEHHOU perpeccun. [lpu am-
npoxcumanun F = ¢, (X)) ypasuenne (1) cOOTBETCTBYeT MOJCIHM MHO-
JKECTBEHHOMN JIMHEHHON perpeccuu ¢ NpeABapUTEIbHO HCKIIOUEHHBIMU HEJIH-
HeliHbIMH CBsA3sMH [12]. Mb1 Oynem monb3oBaThest ypaBHeHueM (1) B oOmem
BHJI€, HO paccMaTpuUBaTh aBTOPEIPECCUOHHBIE U BHEIIHHE NEPEMEHHbIE €IUHO-
00pa3Ho, omnpejess HEU3BECTHBIC KOA(DPUIIMEHTHI M0 CTENEHU OJU30CTH JaH-
HBIX MPOTHO30B M JIAHHBIX HAOJFOJICHUI C MOMOIIBI0 BBIOPAHHOTO AJTOPUTMA
peanu3anuy METOJla HAaMMEHBINUX KBajpaToB [1].

OCHOBHYI0 IpyIIy METEOPOJOrMYECKUX IPEAUKTOPOB B IpejiaraeMoM Ba-
pUaHTE MOJIENIM COCTABJISIIOT MOAYIb WA u HanpaBiaeHnue WD ckopocTH BETpa,
TeMmIeparypa Bo3ayxa 7, OTHOCHUTENIbHAs BIAXXHOCTb ¢ U JaBJEHUE p. DTHU Be-
JTUYWHBI U3MEPSIOTCS Ha OOJNBITHHCTBE CTAHIIMI MOHHUTOpPHHTA paccMaTpHBac-
Mo#t cetn. Oco0o BaxHbl m3MepeHHble Ha BoicoTe 503 m B BMK OcTtankuHo
3HaUCHUSA WAso3, WDso3, Tso3 M ¢s03. VI3MepeHus Ha TeneOaliHe MO3BOJSIOT MH-
HUMHU3UPOBATH BO3JECHCTBUE HEOJHOPOJHOCTENH TOPOACKON MOBepXHOCTH. ['0pH-
30HTaIbHAA U3MEHYUBOCTH MIPU3EMHOTO aTMOC(HEPHOro JAaBJeHU B MacliTadax
MOCKOBCKOIO0 Merarnojinca HeOoJbluas, 3Ha4eHUs! p; TPUHUMAIOTCS 110 JaHHBIM
Mmereoctanuun MI'Y um. M. B. JlomonocoBa. Hapsany ¢ temneparypoid Ha BbI-
cote 503 m B KauecTBE NPEAUKTOPOB B TECTOBOM BapUaHTE MOJEIU TaKXKe pac-
cMaTpuBaliach U TeMmIlepaTypa Bo3ayxa Ty Ha Ha3eMHOW CTaHIIUM MOHUTOPHHTIA
B OCTaHKHUHO.

Oco0yto TpyIny NpeIuKTOPOB B CTATUCTUYECKUX MPOTHO3aX 00pa3yroT IUK-
JUYECKUe IepeMEeHHbIe, CBA3aHHbIE C KaJeHJAapHbIM MECSALEM U JTHEM HeIesu.
HampaBnenmne Berpa TakXke OTHOCAT K LMKIWYeckuM mnepemeHHbIM [34]. Kak
MPaBHIIO, JJIS LUUKINYECKUX TEPEMEHHBIX X HCIONB3YeTCS PAa3l0KEeHHE II0
GyHKIUAM COS[2T0(X — Xmin)/(Xmax — Xmin)] A SIN[270(X — Xpmin)/(Xmax — Xmin)] [34].
IIpu TOM KajieHAapHBIA MecCsl MOXKET BXOAUTH KaK B BUJAE JOIOJHHUTEIHHOIO
npenukropa [23, 34], Tak U B BHJE 3aBUCUMOCTH OT BpeMEHH roja ko3ddumu-
CHTOB JIMHCHHOH perpeccun [7, 8]. 3aBUCUMOCTh KOHIICHTPALMH aTMOCQHEPHBIX
npuMecell OT AHS HEeJeNHW B KPYMHBIX TOpojax MOoNydnja HazBaHHE ‘“dPQeKT
BBIXOJHOTO JHS” W YYHUTHIBACTCS B OOJBIIMHCTBE CTATHCTHYECCKUX MOJCICH.
MOCKOBCKUN MeramoJjiuc TakXe MOABEpKeH AeicTBuio 3Toro sddexra [6].

B npemnaraemoii monenu 3pQekT BHIXOJHOTO JHS yYHTHIBACTCS B BHJE JO-
0aBo4HOro mpeauKTopa (ciaraemoe B ypaBHeHUHU (1)), KOTOPBIA B BBIXOJHBIC
IHU PaBCH HYJIO, B paboune — equHUIC. B pe3ynbrare MOKHO YYUTHIBATh KaK
Opa3sgHUYHBIC THU, TaK W JUIUTCIbHBIC KAHUKYNBl (HAIpPUMEp, POKICCTBCH-
ckue). B atm ngHU mnpepukTop “mpu3HaK pabouero AHS® PaBEH HYNIO, a B
OCTaJIbHble JHU — E€JUHULE.
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Jst ompeneneHust CE30HHOTO XO0Ja B MOJCIH HE MCIIOIB3YeTCsl allllPOKCHMa-
Ul TaPMOHUYCCKUMH UICHAMU. BMECTO 3TOTO OTACIBHO paccMaTpHUBAIOTCS
MOJIIETH C pa3HBIMH KOd((GUUHUEHTaMH IS TEIIOTO U XOJOZHOIO CE30HOB, a
TaKke, BO3MOXKHO, JUISl IEPEXOIHbIX MepuoaoB. Takas anmpoKCUMAaILHS HUCIIOJIb-
3yeTcs MPU CTaTUCTUYECKUX MporHosax PM,, [24, 27] u PM, s [25]. B cnarae-
MOM, CBSI3aHHOM C 3aBHCHMOCTBIO OT HAINPAaBJIICHUS CKOPOCTH BETpPa, B MOJCIH
(1) ucronssyercst nemuneitnas dyukums F'2 = ¢ "Peos(WD + ¢ "P). Ipu Ta-
KOW ammpOKCHMAIIHH ISl KaKJOW CTAHIIMN MOKHO BBIICIUTH HAIPABICHUE BET-
pa, marouniee MakCHMaJIbHBIM BKJIaJ B M3MEHYMBOCTH KOHLEHTPALMH.

KoaddunmeHT xoppensinuu M3MEHYMBOCTH KOHIICHTpPALUH aTMOC(EpHBIX
npuMecel M MOAYISI CKOPOCTH BETPa B TOPOACKUX YCIOBHSX, KaK MPaBUIIO, OT-
pumnareieH [23]. DTO MOATBEPANIN U PE3YNIbTaThl MPOBEJCHHBIX aBTOpPAMU pac-
yeTtoB 1o gaHHbIM ceTH ['TIBY “MocakoMonuTopuHr”. OTpuLaTenbHbIA 3HAK
KOPpEeIALNU CBA3aH C yNyYIIEHHMEM BEHTHJIAIIMU HUKHUX CJIOEB BO3lyXa MpPH
0OJBIION CKOPOCTH BeTpa M 00pa30BaHUEM 3aCTOWHBIX SIBJICHUU MPH €ro Majou
CKOpPOCTH.

B 10 xe Bpems ycraHoBieHO [16], 4TO mpu CKOPOCTH BeTpa <4 m/c cieayer
YYUTBIBATh MHUKPOMETEOPOJIOTHYECKUE MPOIECChl, OMpeAesIonue BKJIag B
BEHTWISIIIUIO HUXKHUX clioeB atMocdepsl. [[ns ydera BO3MOKHBIX 3aCTOHHBIX
sBieHnii B Mogenn (1) MOXKHO Gyxer mcmons3oBarh 3aBucumocts [ = ")
(WA + 3,5). DOmMnupudeckoe 3HAUCHUE F") =35 y/c, Kak MOKa3alm TECTOBBIC
pacyeThl MO0 JaHHBIM CTAaHLMM MOHUTOpHUHIa bupiloneBo, HamwIy4dmuM oopazom
onuckiBaeT Bapuauuu NO,.

Hapsiny ¢ HenmHeHOW 3aBHCHMOCTBIO BIWSIHUST MOAYJST CKOPOCTH BETpa
MOXHO paccMarpuBath u nuueiinyo momens FU = " 4. Tposenennsie

CpaBHEHUS JaHHBIX PACUETOB C JUHEHHON M HEJMHEWHON MmapaMeTpu3alusIiMHU
3aBHCUMOCTH KOHIICHTPAIMH MPUMECH OT CKOPOCTH BETpa IMOKa3ajid, 4TO ITH
napaMeTpHu3alnuy AT JTu00 OJNHM3KUE pe3yiabTaThl, JTMOO HEIWHEWHAas 3aBUCH-
MOCTh yJAy4YIIaeT COOTBETCTBHE JAHHBIX HAONIONCHUI W MOJEIbHBIX PACUYCTOB.
ITockonbKy BBIYMCIHMTEIBHBIC 3aTPaThl IO peaju3alui dTHX BEPCUN HE pa3iiu-
4aloTcsl, B JalibHeHIeM OyleM HCIOIb30BaTh HEJIMHEHHYIO 3aBUCHMOCTH IS
KOPPEKIIMH PAcCYeTOB B yCIOBHSX cliaboro Berpa.

OkoHYaTeIbHO (DYHKIUS HEJIUHEHWHOW PErPEeCCUU ISl MOACITUPOBAHUS CPEJI-
HECYTOYHOW KOHIIEHTPAIIUU OIpPEJICICHHON MPUMECH B aTMOoc(epe ¢ y4eToM ee
KOHI[EHTPALMH Ha JIEHb COCTABJIEHHUS MPOTHO3a OyleT UMETh CIeAYIOIHNA BU:

i a
Y, =aX; + agcos(Xz + ap) + ———+
141 9 2 2 X3+3,5

+ asXy + asXs + asXs + a7X7 + as. (2)

B ypaBuenun (2) mmst ynoOcTBa BBEACHBI eAMHBIC 0003HAUCHHS IS IEepe-
MEHHBIX U KO3((QUIUEHTOB CO CIUIONIHOW HyMmepanwuei. [IpequkropaMu, oTHO-
CALIMMHUCS K MPOTHO3UPYEMOMY JIHIO, SIBISAIOTCS: X| — MpHU3HAK aHs (paboumnii
— 1, Beixomnoit — 0); X; u X3 — cpellHeCyTOYHbIC 3HAYCHUS HAIpPaBICHUS
(epaod) u cxopoctu Betpa (m/c) Ha BbicoTe 503 m B BMK Ocrankuno; Xy —
CpelHEeCyTOYHasi OTHOCHTENBbHAs BIAXHOCTh HpH3eMHOTO Bo3nyxa (BMK
OcrankuHo, %); X5 — cpenHecyTouHas Temieparypa Ha Bbicote 503 m (BMK
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Ocrankuno, °C); X — cpeaHecyTOYHOEe 3HAYCHHE aTMOC(EPHOTO JABICHHS Y
noBepxHocTH 3emin (Meteocranuust MI'Y, ella).

[IpeaukTopoM TakXke SBISETCS BEIWYMHA X; — CpEeIHECYTOYHAasi KOHIICH-
Tpalus 3arpA3HAIONEI0 BEIIECTBA HA JCHb COCTABICHHS MPOrHO3a (ma/m’).
Brimu mpoBeseHbl AOMOJHUTENbHBIE PAcUeThl ¢ BKIIOUEHHEM B YUCIO MPEIUK-
TOPOB KOHIIEHTPAIIMU IIPUMECEH 3a JeHb 0 COCTaBJIeHHs NMporuHo3a. OHU moka-
3aJ1¥, YTO BKJIIOYEHHE 3TOr0 MPEAMKTOpa HE MO3BOJSAET YIYUIIUTh PE3yIbTaThl
pacyeToB MOJEIHU.

Jiist OIIeHKM KayecTBa BOCIPOU3BEACHHS HAOMIOAaCMBIX H3MCHCHIH KOHIICH-
Tpauuu npumecu moaenbio (1) mo pany u3 N oTCHETOB MCIOJIb30Baln KO3 hu-
LUEHT KOPPEIALNU 7 MEXAY CIHPOTHO3UPOBAHHBIMHU );l. U TIOJYYEHHBIMHU MPH
HaONIONCHUM Y; 3HAYCHUSIMHU, a TaKKe CPEJHEKBAJPATHUYECKYI0 OMIMOKY IMpor-

Ho3a . KBaaparel 3THX Beau4yuH (KOdQOUIUECHT NeTepPMHUHALMK U JUCIIEPCHs)
paccUMuTHIBAIOTCA O GopMyaam

S, - 70 - 7)) )
P = ( ) GZZ%Z(YZ.—Y[)Z. (3)

(Z -1 (Zd -1

TecTUpOBaHHE CTATUCTHYECKON MOJeJIH
PA10B KOHIEHTpAaUuu NpuMeceil B atmocdepe
MoCKOBCKOI0o MeramoJjuca

TecTupoBaHue crarucTUueckoil mMoxenu (2) ObLIO HMPOBENEHO MO JAHHBIM
HECKOJIBKUX CTaHIUHA MOHHTOPHHTA 3aTrPs3HCHHS aTMOC(HEphl, pacIoI0KEHHBIX
B pailoHax C XapakTEepPHBIMU YCIOBUSMU >KM3HEACSITECIBbHOCTU: B MPUPOAHOM
(MI'Y), xunom (OctankuHO), cMmemanHoro tuna (buproneBo) m mpuOIMHKeH-
HOM Kk apromaructpaisaM (Kytyszosckuii mpocnext, MAJIN). Bouan BeIOpaHBI
JaHHbIE XOJOJHBIX (3MMa — BECHA) M TEIUIBIX (JIE€TO — OCEHb) TPEXMECIUHBIX
nepuonos B 2009 u 2011 rr. ¢ oTpuuaTeIbHON U MOJIOKUTEIBHON TeMIepary-
poil coorBeTcTBEHHO. CTaTUCTUYECKYI0O MOJENb CTPOMIM JJIsl OTAEIbHON MpHU-
MECH Ha KaXJI0H cTaHIUU. MeTeopoJoTHYeCKie BEIMYUHBI Opajau Mo JAaHHBIM
HaOMoAeHUH Ha JAeHb nporso3a. OHU CIYKUIU aHAIOIOM NMPOTHO3UPYEMBIX IO
METEOPOIOTHICCKUM MOJIEISIM 3HAUCHHUH, OJHAKO OIINOKA, CBSA3aHHAS C HETOU-
HOCTBIO 3THX NPOTHO30B, Ha JAHHOM 3Talle UCKII0Yalach.

B nepBylo odepenb MpeacTaBisUIO UHTEPEC PACCMOTPETh BO3MOXKHOCTH I10-
CTPOCHMS CTATUCTHUYECKONH MOJAENIU IO OTHOCHUTEIBHO KOPOTKHM 00ydaroluM
BBIOOpKaM. BBIOOP KOpOTKHX 00yYaromux BBIOOPOK CBS3aH C TEM, YTO B MPE.-
JaraeMoM BapHaHTE CTATUCTHYECKONH MOJENM TOAO0BOM XOJ SIBHBIM 00pa3oM He
yuuThIBaeTcia. BmecTe ¢ TeM He Yy4YUTBIBAeTCS U MEKIoJ0oBas H3MEHUYUBOCTH
YCIIOBHI 3arpsi3HEHHsI aTMOC(epsl, KOTopas, KaK IOKa3adl Pe3yabTaThl TeCTO-
BBIX HCIBITAHUM, MOXET ObITh 3HaYUTeNbHOH. [l0 9TOH ke NMpUYMHE JaHHBIE
AQHOMAaJbHBIX I1epuoaoB, HanpumMmep jeta 2010 r. ¢ KpyNnHBIMU [TOXKapaMu B IIPU-
JerarIux oonacTax, TpeOyrT 0co60ro pacCMOTPEHNUS, BBIXOAAIIEr0 32 PaMKU
HACTOSIIEN CTATBHH.

JlIsl OIlEHKM HEM3BECTHBIX MapaMeTPOB CMELIAaHHOW MOJENIU perpeccus —
aproperpeccus (1) [1] mpumensinu anroput™m tuna ['aycca — HproroHa s pe-
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NICHUS HEJIMHEHHBIX PEerpecCHOHHBIX 3anad [2]. UToObl m30exkaTh IMOSBICHHS
BBIYHCIUTEIFHON CHHTYISIPHOCTH, CBSI3AHHOH, HampuMep, ¢ U30BITOYHON CHH-
XPOHHOCTBIO B HBOJIIOIMH OTJCIBHBIX MPEIUKTOPOB (MYIbTUKOIINHEAPHOCTD),
UCIIOJB30BANH CIEIUANBHO Pa3spabOTAHHBIM UTEPAIMOHHBIH aITOPUTM THUIA
l'aycca — HproToHa ¢ moapoOHOI AMAarHOCTUKOW pe3yabTaToOB pacuera mapa-
METpPOB. ANTOPUTM HE TpeOyeT MPSIMOro BHIYHMCIEHUS MPOU3BOIHBIX perpeccu-
OHHOU (DYHKIIMH, B HEM IIPEIyCMOTPEHBI BEIOOD IIara W CIeIHaIbHas MPOLeTy-
pa peryispu3aniy IpH BBEINOMHEHUH urepanuil [4]. Hapsoy ¢ HUM HCIOIB30-
BaJICS W alTOPUTM C HPSIMBIMH HTEpamusMu 1mo Merony laycca — HproTona
I 9acTHOTo BHaa (2) obmel momenu (1). DTOT aaropuT™M peaim30BaH B JIO-
CTYIIHOM JUJIsl onb3oBares nakete R (http:/www.r-project.org).

BaxxHOI XapaKTEepUCTHKONH MOJAENIH CIYXHUT €€ CIOCOOHOCTh yBEIMYUBATH
KOS(I)q)I/IHI/ICHT JACTEpMHUHAIIUU 1"2 o CpaBHCHUIO C HWHCEPUUOHHLIM IIPOTHO30M
fl."” =Y, ,. dns otoro Ha puc. 2 u 3 Hapsay ¢ KPUBBIMH CHHXPOHHOTO Bpe-

MEHHOTO XOJla HAaONIOJAaeMbIX U CMOJEIMPOBAHHBIX IO ypaBHEHUIO (2) 3Hade-
HUHI KOHIEHTPALMU Psiia IPUMecel OTIeIbHO NPEJCTAaBIEHbl U COOTBETCTBYIO-
mue rpaduKu paccesHus.

Ha puc. 2 B kauecTBe npuMepa NpUBEJEHbl PE3YIbTATHl COMOCTABIEHUS MO-
JeJTM W TaHHBIX HAONMIOAEHWH It IByX BBIOOPOK. /I7st BpeMEHHBIX M3MEHEHHH
koHneHTpanun NO, XapakTepHO OTCYTCTBHE PE3KHX BBIOpocoB. Ilpu 3ToM KO-

M2/Ar

0,06
0.04
0,02
0
1 20 39 58 cym
0,08
’ ) 8)
* e, * 0,06 1 « b R
0,06 % * 1 Pk B
e, L g D R
Yo o . 0,04 C AR
0,04 TR T . e W e
* o T 0o
vopl # FFTE 002 o o0
0 ‘ - ‘ - ) 0
0,01 0.03 005 007 00 0.03 005 007

2

Puc. 2. Bepudukamnus cTaTHCTUIECKON MOJIEJIN CPEeJHECY TOUHBIX 3HAYCHUH KOH-
uentpanun NO,. Crannus Kyrty3oBckuii npocnekr, geto — ocenb 2009 r.

a— BPEMEHHO# X0/1 KOHIICHTPALIMH 110 MO1eJ1H (2) (CIIOIIHAS THHHSI ) ¥ 10 TAHHBIM Ha0JT10-

neHui (IUTpuXoBas IUHUA); O, 8 — rpad MK pacCcessHUs [J1s MHEPUUOHHON Mo e (1=
= 0,67) u nnsa mogenu (2) (r = 0,90) COOTBETCTBEHHO.
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Puc. 3. Toxe, uto Ha puc. 2, nus koHuentpauun CO. BMK Octankuno; 3uma —
BecHa 2011 r.

Jlis uHepunonHoit mogenu » = 0,57, nust moxennu (2) r = 0,78.

a3 dunuenTs KOppenAurud MOTYT ObITh OONBIIUMH M 11 HHEPIHOHHOTO TPOT-
Ho3a (r = 0,67). OgHako JJs MoJenbHOro mporuosa » = 0,9, 4to naeT yBenuue-
Hue kod(duuenTa nerepMuHAUN r* Ha 80% 110 CPaBHEHUIO C MHEPIIMOHHBIM
MIPOTHO30M.

XapaxkTepHblil TpUMEp COMOCTABJICHUS HM3MEPEHHBIX W PACCUUTAHHBIX II0
Mojiesin (2) 3HAUCHHWI KOHICHTPAIIMU TPH HAIMYWH Pe3KuX u3MeHeHui s CO
npuBeneH Ha puc. 3. Kak BUIHO HA pUCYHKe, MO-MPEeXHEMY HaOIIofaeTcs 3Ha-
YUTENBHOC yBEIHUCHHE KOA(PPHUINCHTAa KOPPEISIUH MOACIHHOIO psiia IO CpaB-
HEHUIO C MHEPLIHOHHBIM MPOTHO30M. VIHOTHA CHTyalMio MOXKET YIy4IIUTh MPH-
MEHEHHE HEKOTOPBIX CHElUabHBIX METOJ0B KiacTtepuzauuu [25].

JlJ1s1 BBISIBJICEHUS BO3MOKHOCTEH MOAECIUPOBAHUS CPEAHECYTOUYHBIX 3HAYCHUN
KOHI[EHTpaluK aTMOC(EpHBIX MpUMEcel Ha OTACIbHBIX CTAHIUAX MOHHUTOPHUH-
ra mo mojenu (2) BeIOpaHHYIO JUIs aHajiu3a BBIOOPKY AaHHBIX HaOIIOAeHUN
pa3ouiau Ha ABe: oOydarllylo u TecToByr. [1o oOydarorieii BEIOOpKE HAXOMIST-
cs Ko3(puIueHTsl Mojenau. TecTtoBas BBIOOpKA CIYXKHUT JJIsI CONMOCTABICHUS
MOJIETUPYEMBIX M HAONIOJAeMBIX 3HAYCHHH KOHIICHTPAHH 10 HE3aBHCHMBIM
JIaHHBIM HAOJIFOJICHUI, KOTOPBIC HE UCITOIB30BAIKCH JIJIs ONpeeaeHust Kodpdu-
[UCHTOB.

Pesynprarsl TecTupoBaHus mMonenu (2) Kak MPOTHOCTUYECKOW I KOHIICH-
tpanuu NO, no gaHHbeiM 29 ctanumii cetu ACK3A (cxema Ha puc. 1) mpuBee-
Hbl B TaOnume. COOTHOLICHHE Pa3MEpOB OOYYaIOMICH U TECTOBBIX BBIOOPOK 2 : 1
4aCcTO MCIOJIB3YeTCsl IPU TECTUPOBAHWH CTATHCTHYCCKUX Moxeneit [23]. B Tab-
JULEe MPUBENICHBl 3HAYCHUs KOd(DPUIIMEeHTa KOPPENSIIIUU U CpeIHeKBaApaTuyec-
KOW OmuOKM, paccuuTaHHbIe MO (GopMynaMm (3). AHAJIOTHYHBIC pacyeThl OBLTH
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Pe3yabTaThl TecTHpOBaHHs MojesnH (2) mo fanHbIM 29 cranuuii ACK3A
o koHuenTpauuu NO; B atmocdepe B mae u utode 2013 r.

CpeaHekBaapaTuieckas oumoka,
Cranuis Koaddunment xoppernsm e/t
MOJEIb ‘ HHCpHMOHHLIﬁ TIPOrHO3 MOJECJ1b HHepHHOHHLIﬁ TIPOrHO3

[onsipHast 0,689 0,460 0,008 0,008
OCTaHKHHO

348 m 0,626 0,572 0,004 0,012

248 m 0,525 0,398 0,005 0,010

130 m 0,677 0,569 0,010 0,010
MI'Y 0,822 0,776 0,013 0,011
MapbHHCKHIT TapK 0,647 0,528 0,007 0,010
MAJIN 0,822 0,758 0,011 0,015
JIro6muHo 0,806 0,692 0,011 0,013
JleTnas 0,644 0,520 0,016 0,009
Kocuno 0,693 0,374 0,009 0,014
KoxxyxoBo 0,687 0,497 0,009 0,016
3eneHorpan

MUKpoOpaiioH 16 0,682 0,516 0,007 0,024

MUKpopaiioH 11 0,660 0,551 0,011 0,014

MHUKpPOpaioH 6 0,694 0,591 0,006 0,008
3BEHUTOPO 0,776 0,671 0,006 0,012
JonronpyHas 0,778 0,613 0,009 0,010
I'ypbeBckuii npoesn 0,688 0,540 0,007 0,010
Buproneso 0,729 0,506 0,007 0,011
YastHoBa 0,707 0,568 0,011 0,013
Typuctckas 0,737 0,640 0,009 0,009
Tonbyxuna 0,734 0,634 0,007 0,014
Crimpui0HOBKA 0,676 0,549 0,010 0,016
[Tnomans "arapuna 0,669 0,502 0,010 0,014
Hwxass MacnoBka 0,781 0,604 0,011 0,024
Bytneposa 0,891 0,879 0,021 0,014
XaMOBHHUKHU 0,775 0,487 0,011 0,008

npoBeeHbl 1y panoB koHueHtpauuun CO u PMyy. Tak, 3HaueHus koddpduu-
€HTa KOPPEJIUU U CPEIHEKBAAPATHICCKON ONTMOKH CIEAYIONIHE:

IIporuos Mogeis (2) WuepunoHHbIH

ITpumecs CcO NO, PMyy CO NO, PMyy
r 0,62 0,67 0,74 0,42 0,53 0,64
o, Mo/’ 0,11 0,009 0,011 0,18 0,012 0,015

Takum 00pa3oM, UCIONB30BaHHE MO (2) YBEIUYUBACT KOIPPUIUCHT
JerepMuHanuu npudmusutensno B 2, 1,5 u 1,3 paza gna CO, NO, u PM,, co-
OTBETCTBEHHO M yMEHBIIAET JHUCIEPCHI0 OMUOKH mporHo3a B 2,5, 1,9 u 1,8
pasza st 9TUX MpUMecel MO0 CPaBHEHHUIO C MHEPUHOHHBIM MPOTHO30M.

AHanu3 OIEHOK YCHENMIHOCTH CTAaTHCTUYECKOW MOJAEIW ONpeAeSeHUs KOH-
[EHTpAIMK TPEX MPHUMECEeH Ha BCEX CTAHIMIX IMOKa3al, YTO OTHOCHUTEJIBHOE
yIy4llIeHHe MporHo3a mo ¢opmyne (2) Mo CpaBHEHUIO C UHEPUUOHHBIM TEM
OoubInie, YeM Xyxke paboTaeT MHEePHHOHHAsT MOJIEIb.
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3akJjouenune

ITo pe3ynbraTaM NPUMEHEHHUs CTATUCTHYECKONW MOJENM ISl MIPOTHO3a KOH-
[IEHTPAIN Pa3HbIX 3arps3HAIONINX BEMIECTB B aTMoc(depe B MECTax pacroJio-
JKEHHUS CTaHIUI MOHUTOpUHra MOCKBBI YCTaHOBIEHO, UTO B HTOM Clydae Cy-
IIICCTBEHHO YBEIMYMBACTCS KOA(P(PUINEHT KOPPEIALNNA MEXIY PACCINTAHHBIMHU
U MOJYyYEeHHBIMH IPHU HAONIONEHUHN 3HAYCHUSIMU KOHLEHTPALMHU [0 CPAaBHEHUIO
C MHEPIIMOHHBIM IPOTHO30M. B mampHelmiem jkelaTesbHO BKJIIOYCHUE B YHCIO
MPEUKTOPOB (ITOMUMO CKOPOCTH BETPA) BBICOTHI IMEpeMemaHHoro cios [28]
WU BBICOTHI NIPU3EMHON U NPUIOAHATON MHBEPCUH.

OC00OCHHOCTBIO UCIBITAHUH MOJAENN ObLTa ee HAacTpOiiKa M0 OTHOCHTEIHHO
KOPOTKUM BBIOOpKaM. JTO JeNaeT BO3MOKHBIM €€ MIPUMEHEHNE Ha HOBBIX CTAH-
LUAX MOHUTOPHUHIA WIM B CUTyallUsX, KOIZla IPOUCXOAAT U3MEHEHUs YCJIOBUI
JKU3HEJEATEIbHOCTH Ha OTAEIbHBIX TeppuTopusix. HempoctaTkoM Takoro moaxo-
Ja cieAyeT CUMTaThb OXKHUIAEMYI0 MEKIOJOBYH0 M3MEHUMBOCTb HAaWJIEHHBIX KO-
s dunuentos. B ciyuae HEOXOAUMOCTH pazMep OO0ydarOIIMX BHIOOPOK MOXKHO
YBEJIUYUTb.

P cymecTBeHHBIX BONPOCOB OCTalCA 33 paMKaMU IPEACTABICHHOMN
CTaThH, KOTOPYIO CIEAYCT pacCMaTpHUBATh KaK MEPBYIO MOMBITKY MPOBEPKH BO3-
MOXXHOCTEH CTAaTUCTUYECKOrO MPOTHO3a KOHIEHTpalUU 3arpA3HAIONINX aTMO-
cepy BemecTB Ha Bceil TeppuTopun MOCKOBCKOTO Meramonuca. B mepByro
ouepellb ATO OTHOCUTCS K MCIOJIb30BAHUIO 3HAYEHUH METEOpPOJIOTHYECKUX Be-
JUYHMH, HAOJIOAAEMBIX B IPOTHO3UPYEMBIH JI€Hb, BMECTO CIPOTHO3MPOBAHHBIX
B JIEHb COCTaBIICHHS IIPOTHO3a. Te€M caMbIM HE YYHTHIBACTCS BKJIAJ OLIMOKH
METEOPOJIOTHYECKOr0 MPOrHo3a. Bmecre ¢ TeM COBEPIIEHCTBOBAHUE METEOPO-
JOTUYECKUX IMPOTHO30B C 3a0IaroBpeMEHHOCTHIO, MPEBBIMIAONICH CyTKH, IO-
3BOJISICT HAMESIThCS HA PACIIMPEHUE BO3MOXKHOCTEH CTATHCTHUECKOIO MPOrHO3a
KOHIICHTPAIINU 3arpsI3HSAIONINX BEIIECTB B aTMoc(epe Ha HECKOIBKO CYTOK BIIE-
pen.

B crathe He conepkaTcs MaHHBIC O TPOCTPAHCTBEHHOM pacIpeleICHUH
IPOTHO3UPYEMBIX KOHLEHTpalnuil. MoxXHO HaleATbCsl, 4YTO MPOU3BEACHHAS TEM
I MHBIM CHOCOOOM NPOCTPAHCTBEHHAS WHTEPIOJAINS HUBEIUPYCT CIIydai-
HbIC ONTMOKM, BBI3BAHHBIE ME30MAacIITaOHOU TypOyJIEHTHOCTHIO, BO3HUKAIOMICH
B pe3ysbTaTe 0COOCHHOCTEH rOpoACKOH 3acTpoiiku. B ganpHelmeM BaxkHO Mpo-
AQHAJTU3UPOBATh TAK)KE MPOCTPAHCTBEHHYIO CTPYKTYPY KOA((HUIHEHTOB MOIE-
au. Hanpumep, no xos3dpdunuenty a, B popmyne (2) MOXKHO CyAUTH O MPEUMY-
LIECTBEHHOM HaIlpaBJI€HUM BETPa, JAlOLIEM MAaKCUMAJIbHBIA BKJIaJ B U3MEHYHU-
BOCTb KOHI[EHTpAIMU MpUMecel B aTMoc(depe Meramosuca.

Enle ogHuM NepCHeKTUBHBIM HalpaBJIE€HHUEM HUCCIIEIOBAHUS MPENCTaBIAETCS
aQHAJU3 HEBS3KM MEXJy AAHHBIMU HAONIOACHUIl M IPOrHO30M INPU UX 3HAYU-
TEJIHOM PACXOKIEHUM B Clydae ydeTa I'HMJPOMETEOPOIOTHUUYECKUX YCIOBUM.

Pabota BbImoNHEHa npu (UHAHCOBOHM mMopjaepxkke JlemapTameHTa NpUPOJO-
MOJIB30BAHMS U OXPAaHBI OKPY’KAIOWICH cpeasl ropona MOCKBE (TOCyTapCTBCH-
Hble KOHTpakThl 0604-07/12 u 0604-07/13) u MunucrepcTtBa 00pa3oBaHUsI U
Hayku P® (ynuxanpubiil naentugukarop npoektra RFMEFIS8614X0004).
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STATISTICAL MODELING OF AVERAGE DAILY CONCENTRATION
OF POLLUTANTS IN THE ATMOSPHERE OVER MOSCOW
MEGALOPOLIS BY MULTIPLE REGRESSION METHOD

P. F. Demchenko, A. S. Ginzburg, G. G. Aleksandrov,
A. L. Vereskov, G. I. Gorchakov, N. N. Zavalishin,
P. V. Zakharova, E. A. Lezina, and N. 1. Yudin

Presented are the results of the construction of statistical models of the time series of air
pollutants (particulate matter with the size of less than 10 um (PM ), CO, and NO-) for the network of
automatic stations of air pollution control over Moscow megalopolis. The multiple nonlinear
regression of pollutant concentration to external factors (meteorological etc.) and values of
concentration on the previous days are taken as the statistical model of the time series of average
daily concentration of the certain pollutant. The nonlinear nature of the models of the time series can

be associated with the peculiarities of the dependence of pollutant concentration on the wind speed

and with other factors. The computations demonstrated that the use of nonlinear regression based on
the relatively short learning samples for simulating the series of average daily concentration of
pollutants gives the much higher correlation between the computed and observed values of

concentration and the smaller standard deviation as compared with the model of inertial forecasting.



