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B wuccinenoBaHMM OLIEHMBAeTCs BIMSHHE adpO30JIBHBIX YacTHIl HA DAL METEOPOJOrMYECKHX IapaMeTpoOB
(remmepaTypa Bo3ayxa Ha 2 M, O0JAYyHOCTh, MAccoBas [OJisi BOASHOIO Iapa, OCAIKH), a TaKKe
MIPOCTPAaHCTBEHHO-BPEMEHHOE pacrnpeznenacHine SO, M BIAKHOCTHOE BBIMAJCHHE CyIb()aTOB Ha MOBEPXHOCTH
BOJHBIX 00BeKkTOB. VcciemoBaHne mpoBomuTcs Iyl sHBaps M aBrycra 2010 roma mo pesysibTataM pacuéra
OHJIAHH-UHTETPUPOBAHHOI MOJIETHN THIPOIMHAMHYIECKOTO MPOTHO3a MTOTOABI M MEPEHOCa aTMOC(HEPHON XUMHUH
Enviro-HIRLAM (Environment - High Resolution Limited Area Model). B pabote paccmarpuBarorcs
TeppuTOpUHN ceBepo-3amangHoi dactm Poccum, crpan CesepHoit EBpomsr, Kombckoro momyocTpoBa M Tpex
KpynHbIX roposnoB — Cankt-IlerepOypr, Mocksa (Poccnst) m Xenscunkn (Purnsaans). beuto BeimonHeHo 4
3aImycKa MOJICIH: KOHTPOJBHBINA (0€3 a3p030JIbHOTO BIHMSHUS), C YIETOM IPSIMOTO, KOCBEHHOTO W CMEIIAHHOTO
BIIUSIHUS a3P030JIeH.

AHanu3 pe3ybTaToB MOJIEIUPOBAHMS [I0KA3al, YTO BIMSHHE a3PO30IIEH MPOSIBISETCS] CUIBHEE B aBI'YCTE, YEM B
aaBape 2010 roma. IlpsiMoe Bo3aeWCTBHE B OCHOBHOM IPHUBOJAWT K YMEHBIICHHMIO TEMIIEpaTypbl BO3AyXa H
00JIa9HOCTH, a KOCBCHHOE W CMCIIAHHOE YBEJIMUYMBAIOT 3TH TapaMeTpsl. IIpsMoe Bo3zeiicTBHE yMEHBIIACT
MacCOBYIO JIOJIO BOASHOTO TIapa B SHBape M yBEIHYHMBACT B aBrycre. KocBeHHOE M CMENIaHHOE YBETHUHBAIH
JAaHHBI NapaMeTp B sHBape, HO yMeHbIIagu B aBrycre. Bce Tpu a’spo3oibHbIX d(dexTa NpUBOIMIN K
YMEHBIICHUIO KOJMYecTBa ocaakoB. OIeHKa AJIsl TpeX TOpoJOB IMOKasana, YTO B aBryCTE BIIMSHHE a’po30Jieii
BBIPDXXCHO CHJIbHEE, YeM B sHBape. I3MEHEeHUs] METeOpOIOTHUECKHX MTapaMeTpoB Hanbosee 3ameTHO B CaHKT-
IlerepOypre u B MOCKBE B aBrycTe, a B IHBAPE — B X CIIbCHHKH.
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AHanm3 pe3ynbTaToB MOASTUPOBaHHS KoHIeHTparu SO, MoKa3all, 9TO KOJUYECTBO CTy9aeB TPAHCTPAHHIHOTO
TIEpeHOCca 3TOTO 3arpsA3HUTEIS ¢ TeppuTopry Koibckoro moryocTpoBa Ha Tepputopuio ctpan CeBepHoit EBporrsr
Boime B aBrycre 2010 ropa, yem B siHBape (15 u 9 nHeil coorBercTBeHHO). [0 pe3ynbraraM MOAEIHPOBAHUS B
sIHBape, 110 CPaBHEHHUIO C aBryCTOM, HalOironaics Oosee yacTbiii BBIHOC SO; (20 u 5 1HEH COOTBETCTBEHHO) Ha
tepputopuio bapenuesa, Hopsexxckoro m benmoro mopei, a Taxke Oonee BBICOKME KOHLEHTpALMHM Ha
Tepputopusix Kombckoro moixyoctpoBa m crpan CeBepHoit EBponbsl. KonmyecTBO ciydaeB BIIa)KHOCTHOTO
BBINA/ICHUSA, KaK ¥ KOJIMUECTBO CAMUX BBINABIINX CYJIb(aToB, 0KA3aJI0Ch BHIIIE B aBIYCTE.
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In this study the aerosol influence on meteorological parameters (air temperature at 2 m, total cloud cover,
specific humidity, precipitation) as well as spatio-temporal variations of SO, and sulphates wet deposition on
surfaces of water bodies are evaluated. The research was carried out for January and August of 2010 using results
of online-integrated numerical weather prediction and atmospheric chemistry transport model Enviro-HIRLAM.
The territories of interest are North-West Russia, countries of Northern Europe, Kola Peninsula and three large
cities — Saint-Petersburg, Moscow (Russia) and Helsinki (Finland). Four model runs were performed: reference
run (without aerosol effects included), run with direct, indirect and combined aerosol effects.

Analysis of the modelled results demonstrates that aerosol effects were more significant during August 2010 than
during January. In general, the direct effect led to decrease air temperature and total cloud cover, when the
indirect and combined effects tend to increase these parameters. In addition, the direct effect decreased specific
humidity in January and August. The indirect and combined effects increased this parameter in January and
decreased in August. All three acrosol effects led to decrease in precipitation. It was found that the aerosol effects
for the selected cities were more significant in August than in January. The considerable changes in
meteorological parameters were found in Saint-Petersburg and Moscow during August and in Helsinki during
January.
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The analysis of modeled SO» concentration demonstrated the larger number of cases of transboundary pollution
from the territory of the Kola Peninsula to the territory of the Northern Europe in August 2010 than in January
(15 and 9 days respectively). According to the modelled results, SO, was transported to the territories of water
bodies (Barents, Norwegian and White Seas) more frequently in January than in August (20 vs 5 days
respectively). In addition, SO, concentrations over the Kola Peninsula and the territory of the Northern Europe
countries were higher in January. The number of cases of wet deposition as well as amount of deposited
sulphates were higher in August.

Keywords: acrosol feedbacks, transport of SO,, wet deposition, Enviro-HIRLAM, online-integrated

modelling, North-West Russia, Fennoscandia.

Beenenue

VYpoBeHp ypOaHM3AIWMH, YBEIWYHMBAIOIIMKICA B MOCIEAHHE naecsaTwiaetus [l], mpHBOAMT K pPOCTY
KOJIMYEeCTBA BEIOPACHIBAEMBIX B aTMOC(EPY adpO30JIbHBIX ¥ I'a30BbIX YACTHULI, KOTOPbIe 00pa3yloTCs B pe3ybTaTe
IIPOLIECCOB CYKUTaHHs MCKOIAEeMOro TOILIMBA, a TAaKKe PabOThI MPOMBINUICHHBIX npennpustail [2, 3]. ['a3oBbie
YacTHLBI, B 3aBUCHMOCTH OT CBOEH TOKCHYHOCTH, MOTYT HPUBOAUTH K HEOJIArONPHUATHBIM IOCIEICTBUSM,
N3MEHSS Ka4eCTBO BO3AYXa, M TAKIM 00Pa30M yCIOKHSS AbIXaTEIbHBIH MPOLECC )KUBBIX CYIIECTB. ADPO30IJIbHbIC
YacTHIBL, HATIPUMED, CYIb(ATHI, CIIOCOOHBI H3MEHATH KHCIOTHOCTH MPECHBIX BOJOEMOB, TAaryOHO Biwsis Ha (BIIopy
u dayHy, Wwin paspyliasi JeCHble DKOCHCTEMbI B pe3ylibTare Boinajaenus [4, 5, 6]. Cepocopepxaliye BeliecTsa,
Haxojiuecs: B armocdepe B Buje rasa (nuoxcus cepbl SOz) U adpo30sibHbIX YacTHL (CyJb(aThl), OTHOCIT K
OIHOMY W3 OCHOBHBIX AaHTPOIOTICHHBIX 3arps3HuTENcii. boiee TOro, HEKOTOPHIE a3pPO30JbHBIE YACTHILEI
(HampuMep, caxa, MOpCKas COJb U JIp.) CHOCOOHBI BIUATH HA 3JIEKTPOMArHUTHYIO PaJHaIHI0 PA3IMYHBIX TIUH
BOJH M Ha COCTOSIHHUE OOJaYHOCTH, TAaKUM O0pa3oM, BO3/CHCTBYs Ha psji METEOPOJOTMYECKHX IMapaMeTpOB
(manpuMep, Ha Temmeparypy Bo3ayxa) [7]. CoBpeMeHHBIE HCCIIC/IOBAHHS TOKA3alH, YTO W3-32 OTHOCHTEIHHO
JumTeNnsHOTO BpeMenn kxu3au SO, B atMocdepe (ot 15 mo 65 9), mMeer mMecTo mpobiieMa TpaHCTPaHUIHOTO
TepeHoca 3arpsa3HUTENS ¢ TCPPUTOPUH OJHON CTpaHBI Ha TeppUTOpHH cTpaH-coceaei [8]. TIpumepoM MoxkeT
CITY’)KATh TICPEHOC JHOKCHJA CEephl ¢ TOPHO-METAJUTyPrHYCCKUX KOMITJICKCOB, PAcTONOXKEHHBIX Ha Kombckom
monmyoctpoBe (Poccms), na teppuropun Hopeernn, @uansaann u lsenmu (Het mpsiMoit rparmier). OpHako,
HeperyJsipHass ceTh HaOMIOJCHWH 3a KoHmeHTpamued SO; yCIOXKHSET TpEeACTaBICHUE INPOCTPAHCTBEHHO-
BpPEMEHHOW BapHaIlM{ 3TOTO 3arpsi3HUTENsT B atMocdepe. 31ech HAa MOMOLIb MOXET NMPUITH MOJEIHPOBAHHE
nepeHoca aTMOC(epHBIX MpUMeceH, KOTOpPOe HHTEHCHBHO Pa3BUBAJIOCh M pa3BUBAETCs B mocieauue roast [9, 10].
HekoTtopble COBpEeMEHHBIE MOAENIM THIPOJMHAMHYECKOTO MNPOTHO3a MOroAbl M arMocepHOro mnepeHoca
atMoc(epHOl XMMHU HMEIOT BO3MOXKHOCTH PAaCCUMTHIBATH M3MEHEHUE XapaKTEPUCTHK adpPO30JIbHBIX YaCTHIL
(HampuMep, UX pamnyc W KOJMYECTBO) IMOX IEHCTBHEM METCOPOJOTHYCCKHUX IIOJIEH ¢ MOCIEAYIOMHNM Y9IeTOM
BIIMSIHASL M3MEHEHHBIX adPO30JIbHBIX XapakTePHCTUK Ha METEOPOJIOTHYECKHE OIS (TaK Ha3bIBacMas «o0paTHas
cBsa3by). llenplo uccienoBaHHWS SABISETCA aAHAIW3 M OLEHKA BIHSHUS adpO30JIBHBIX YacTUI[ Ha psin
METEOpOJIOTHYEeCKUX apaMeTpoB Ha Tepputopun CeBepo-3anana Poccun u @unisiHauu ¢ GOKycoM Ha KpYITHbIE
ropoja, a TaKKe OIEHKA 3arpsA3HEHHs OKpY Karoliel cpensl Teppuropuit Mypmanckoii oonactu (Poccns) u crpan
CesepHoli EBporbl BeiOpocamu [HOKcHIa cepbl ¢ IPOMBIIIIEHHbIX Ipennpustuii Konbckoro nomyocrpoBa Ha
OCHOBE Pe3yJIbTaTOB MOJEIMPOBAHHUSI.

MetonoJiorus uccieA0BaAHUS

Jist uceneioBaHus BIMSHUS a3P0O30JICH Ha METEOPOIOTHUECKHE apaMeTphl (TeMIIepaTypa Bo3ayXxa Ha 2
M, 00JIa4HOCTH, MaccoBast ZOJsI BOJIIHOTO Hapa M ocaakn) Oblia BeIOpaHa Tepputopus Cesepo-3amana Pocenn,
IJ€ PACIOJIOKEHO OOJIBIIOE KOJIMYECTBO MPOMBIIUICHHBIX HpennpuaTuil. OTAENbHO paccMaTpUBAINCh
TEPPUTOPUH JBYX KPYMHEHIINX MPOMBINIICHHBIX IIeHTpoB Poccum — 1. MockBa u Cankt-IletepOypr, a Takke
cromuia OunnstHaum — T. XenbCHHKH. [IpM  HccnenoBaHWM TMPOCTPaHCTBEHHO-BPEMEHHOTO H3MEHEHHS
koHueHTpauu SO, ¥ BIKHOCTHOTO BBITIAJICHUS CYJTb()ATOB Ha TEPPUTOPHN BOAHBIX OOBEKTOB OblLIa BHIOpaHa
TeppuTopus Koabckoro moiyocTpoBa U Tpu OnmkaHmux K Hel crpaHsl — @unnannus, Hopserus u lliserus. 3a
BPEMEHHON TEPHOA WCCIICIOBAHNUS OBUIM BHIOpAHBI JBa KOHTPACTHPYIOIIMX C TOYKH 3PEHUS METCOPOJIOTHH
Mecsa - saBaphb 1 aBryct 2010 roga. B TeueHne STHX Mepro/10B Ha0III0qaach OJaronpusiTHAS IJIST NCCIICOBAHMS
MeTeopoJorHyeckas CHTyamus — ciiabas CKOpPOCTh BETpa M YMEPEHHOE KOJIMYECTBO oOcaakoB. B pabote
UCIIONB30BAJIaCh OHJIAWH-UHTETPHPOBaHHAsS THIPOAMHAMHYECKas MOJAECNL IPOTHO3a MOTOABl M TepeHoca
atMocgepuoit xumun Enviro-HIRLAM (Environment - High Resolution Limited Area Model). Umenno
OJTHOBPEMEHHBII pacyeT METEOPOJIOTHYECKHX W XUMHYECKHX IapaMeTpoB, a Tak)Ke BO3MOXHOCTH OOMeHa
nHdopmanmeir MeXIy METEOpPOJIOTHUECKHM M XUMHYECKAM OJIOKaMH MOJIENH, TO3BOJISCT TOYHEE YYHTHIBATDH
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BIMSHUE W3MEHEHMSA ad’po30jell Ha METCOpOJOTHYECKHEe MapameTpel. [ maHHOTO HCCIeOBaHMS
UCTIONB30BANIACh CIIEAYIOmas KOH(PUTypalusi MOJIEJIN: TTPOCTpaHCTBeHHoe paspemreHue — 0.15°, BepTukaibHOE
paspemenue — 40 rubpunusix yposHeit (ot 1013 mo 10 rlla), Bpemennoit mar — 360 ¢, nepuog acCCUMUISILIUU
HadaJbHBIX yCIOBUI — KaXkble 6 4, 3a0/1arOBpeMEHHOCTD NMPOrHo3a — 3 u 6 4. /Iy uccnegoBaHus NpoBOIUIOCEH
4 3amycka MOJIENM — KOHTPOJIbHBIA (0e3 BIHMSHUS a’pososieit), 3amyck ¢ npsmbiM (IIBA — mpsmoe BiusiHuE
asposozeit), koceeHHbIM (KBA — kocBenHoe Bnusinue asposoned) u cmemanHsiM (IIBA+KBA) Biusauem
aspososieif. g aHanm3a pe3ynbTaTOB HCMOJB30BAINCH PA3IUYHbIE HHCTPYMEHTHI MPOCTPAHCTBEHHOTO
npeAcTaBiaeHUs 1 00padoTku uHpopmMaruu, B ToMm uyrcie u ['MC (reoundopmanmonnas cucrema) QuantumGlIS,
KOTOpas IPEI0CTaBIISIET IUPOKHUI PSIJL BOSMOMKHOCTEH 1151 00pabOTKH pa3indHOi HHYOPMALHH.

OcHoOBHbBIE pe3yabTaThl U 3aK/II0YEHHE

CoriacHO aHaJIM3y PE3yJIbTATOB MOACINPOBAHUS, BIMSHHUE adP030JIeii 0Ka3aaoch 00Jiee BRIPAKEHHBIM B
asrycte 2010 roga. Ha wactu uccnenyemsix Teppuropuil [IBA npuBoau Kk yMEHbLIEHHUIO TEMIIEPATYPhL BO3LyXa
(mo 14°C B aBrycrte, no 6°C B sHBape) u usmeHeHuto odmagaoctu (o 100%). KBA u [IBA+KBA B ocHOBHOM
yBenuunBany naHuele napamerpsl (10 6—10°C u mo 100% B aBrycTe u sHBape cOOTBETCTBEHHO). IIBA wamie Bcero
YMEHBIIIaJI MACCOBYIO JOJI0 BOASHOTO Mapa B sHBape (10 1 1/kr), HO yBenuduBai B aBrycte (o 10 r/kr). KBA u
I[IBA+KBA Ha000pOT — YBEIHYHBAJIU JaHHBIH IapaMeTp B SHBape (0 2 I/KT), HO YMCHBIIAIHU B aBrycTe (10 4—
12 r/kr). Bece Tpu a’spo30bHbIX d(dekra MPUBOIMIN K YMEHBIIEHUIO KojudecTBa ocaukoB (ot 2 10 20 MM B
asrycte, ot 0.6 1o 2.5 MM B sHBape). OLeHKa pe3yIpTaTOB MOAEIUPOBAHUS ISl TPEX T'OPOJOB MOKA3ana, 4To
BJIMSIHHE a3PO30JIbHBIX YaCTUI[ B aBIyCTE€ ObUIO BBIPAXKEHO rOpa3jo CHJbHEE, 4eM B siHBape. M3meHeHus
METEOPOJIOTHYECKHX apaMeTpoB OblI0 Hanbosee 3ameTHo B CaHkT-IleTepOypre n B MOCKBE B TEUECHHE aBrycTa.
B sHBape HanOOIBIINM H3MEHEHHEM [TapaMETPOB BRIACTHICS XEIbCHHKH.

AHanm3 MOJICNBHBIX MOJEH TPOCTPAHCTBEHHO-BpeMEHHOM Bapwarmn SO> TMOKa3al, 4TO KOJNYECTBO
CITy4acB TPaHCTPAHWIHOTO MEPEHOCA ITOTO 3aTrPA3HUTEINS ¢ TEPPUTOPHH KOIIECKOTO 1M0JTyoCTpOBa Ha TEPPUTOPHIO
ctpan Ceseproif EBpomsl Ob11o BhIme TMoYTH B 1Ba pasa B aBrycre 2010 roxa, wem B suBape (15 u 9 mueit
COOTBETCTBEHHO). 3a BECh MEPUOJI CCIEJOBaHUS HAbI0AaI0Ch 13 ciyuaeB MpeBhIIICHNS MAKCUMaJIBHO-Pa30BOM
npeaensHo gomyctuMoit kormentpanun (IT1K,,) SO,. B suBape no pesynprataM MoJeTHPOBaHUS HAOIIO[AIOCH
npumepHo 20 ciaywaeB (1 5 B aBrycre) BoiHOCa SO; Ha TEPPUTOPUIO ONMKANWIINX KPYMHBIX BOAHBIX aKBaTOPHUH
(bapenneBa, Hopeexxckoro u bemoro mopeit). bomee Toro, koHueHTtpauuu Ha Tepputopusx Kombckoro
noiyoctpoBa u crpaH CeBepHoii EBpombsl ObuH Takoke BbIlIe B stHBape. KoinuecTBo cilyyaeB BII&KHOCTHOTO
BBINA/ICHHS, KaK U KOJMYECTBO CAMUX BBIMABIIUX CYJIb(aToOB, ObLJIO BBIIE B aBryCcTe rofa, YTO CBA3aHO C
OOJBIINM KOJIMYIECTBOM CIIy4aeB BBIAJACHUSA OCAIKOB B TE€UCHUE 3TOTO MEPHOIA.

B 3aBepmieHmm MOXHO CKa3aTh, 9YTO pE3YJBTAaThl MOICITHPOBAHWSA BIHMSAHHSA a’po30jeid Ha
METCOPOJIIOTHYCCKUE ITapaMeTphl IEMOHCTPHUPYIOT IOCTATOYHO OOJNBIIYI0O pPasHHUIy MEXIy pe3yJbTaTaMu
MOJIENBHBIX pPacyeToOB C YYE€TOM U 0e3 ydera 3Toro BiusHusI. OcoOeHHO Takas pa3HUIlA BEIHKa B JIETHUH MEPUOT,
TOrJla KaKk B 3MMHHUH, OTJIn4us ObLIM ropas3io MeHblle. Uro kacaercs neperHoca SO2 U BbIIaAEHUs Cyb(aToB, TO
pe3ysbTaThl MOJAEIUPOBAHUS IEMOHCTPUPYIOT BO3MOXHOCTH PacCUUTHIBATH IPOCTPAHCTBEHHO-BPEMEHHYIO
N3MEHYHMBOCTh 3arpsi3HUTENIEH, YTO 0COOCHHO HEOOXOIMMO IIPH HAJIMYHMHU CIIOKHOCTEH C HAJIA)KEHHOW CHCTEMBI
KOMIUIEKCHOI'O MOHMTOPHHIA KayecTBa Bo3ayXa. TeM He MeHee Julsl [IPUKIIaJHOrO MCIOJIB30BaHUs PE3yIbTaToB
MOJIEIIMPOBaHUs TpeOyeTcsl JaJibHelIIee COIIOCTABICHUE ITUX PE3YJIbTaTOB C JAHHBIMU HAOJII0IEHU .

Paboma BbINOIHEHA npu Gunancosotl noooepoicke Poccuiickozo @onoa
@ynoamenmanvhvix uccreoosanuil, npoekm Ne 18-05-01050.
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