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[Tp11eBOl a3p030Jb U3 PaifioHOB MeCYaHBIX GYpPb PA3HOCUTCS BO3IYIIHBIMU MACCAaMU Ha THICSYN KILIOMETPOB,
BJIISIST HA ONTHYECKUE CBOficTBa arMocdepbl, KIUMaT U Ha3eMHble MpupojHbie 06bekTbl. Pernon Ceseproro ITpu-
kacous — teppurtopun Kaameikuu, nenbTsl Bosrn, 3akacnmiickux Hu3MeHHOCTel U ceBepo-3ananHoro Kasaxcrana —
IIPEICTAB/ISIET COGO0I KPYTJIOTOMYHbINH HCTOUYHHK TIBLIEBOTO a3p030Jis. [[oBbilieHITe YPOBHS a9pP0O30JbHOTO 3arpsi3He-
HUS TIPH3eMHOTO Bo3ayxa MOCKBbI, CBSI3aHHOE C JaJbHUM aTMoc(hepHBIM mepeHocoM mbLin u3 [Ipukacmus, aHam-
3UpyeTcs MO JaHHBIM HelpepbIBHBIX HalmozeHuit Ha craniugx [TIBY «Mocakomonutopunr» 3a 2011—2021 rr.
BoisiBsieHo BoceMb MecsitieB (0koso 6%) ¢ 3MH304aMu, KOTJa CPeIHeCYyTOUHasl KOHI[eHTpalus asposoneii PMig
B Mockse 6bia Boime [1/[K. /laurenpHocTs amn3010B coctapisieT oT 3 g0 10 cyT u B cpeJiHeM 3a roji He IPeBOC-
XOAUT cyMMapHo 9% aHeil. MaKcuMaTbHBIE CPEIHECYTOUHBIE KOHIIEHTPAIINHN MTPU3EMHOTO as3po3oast PMy B ropoe
BO BpeMs TaKHUX 3MU3010B B 2,7 + 1,1 pasa BbIllle COOTBETCTBYIONMIUX CPeTHEMECSUHBIX 3HAUEHUN. MecsIbl ¢ amm-
30/1aMH IaJIbHETO aTMOC(epHOTo IepeHoca b B MOoCKBe XapaKTepH3YIOTCs NOBbIIIEHHOI TeMIlepaTypoil Bo3ayxa
Ha 1,9+2,0°C 1 NOHM)KEHHBIM KOJHYECTBOM OCa/koB Ha 9+ 13 MM B cpejlHeM OTHOCUTEJTbHO HOPMbI. Pe3yiabraTbl
paGoTbl MOTYT GBITH MCHOJb30BAHbBI IIPH OIEHKAX KJIMMATUYECKUX U JKOJOTHMYECKUX CIBHIOB B YCJOBHAX CYIIECT-
BOBAHHS 9KOCHCTEM Ha eBporleiickoil Teppuropun Poccun.

Kniouesvie crosa: ropojckoit asposonb, PMg u PM, 5, npusemubiii Bo3nyx, MocksBa, mbuib u3 [Ipukacnus,
ManbHUiT aTMochepHBIN TepeHoc, TeMIepaTypa BO3IyXa, KOJIMYecTBO ocaako; urban aerosol, RM;, and PM,s;,
near-surface air, Moscow, dust from the Caspian Sea regions, long-range atmospheric transport, air temperature,

precipitation.

Bsegenne

[TbL1eBOI a9P030JIb ABMSIETCS OAHUM U3 OCHOBHBIX
3arpA3HAIONNX KOMIIOHEHTOB TOPOJCKOI aTMocdephl.
IIpu ompeneseHHBIX YPOBHAX KOHIEHTPAIIMM B TPH-
3eMHOM BO3/IyXe OH MOJKeT HeTaTHBHO CKa3bIBATLCS He
TOJIBKO Ha PA3JUUYHBIX CpeJaxX U 06beKTaX OKPY’Karo-
meil cpe/bl, HO W Ha 3/I0pOBbe uesoBeka. OKa3bIBas
npsIMOe M KOCBEHHOEe BO3/elicTBIe, MBbLIEBOII a3po30Jib
UTpaeT aKTUBHYIO DPOJIb B aTMOC(EpHBIX MpoIleccax,
PETYJUPYIOMNX —PAJUAIMOHHBIN  6alaHC W KJIUMAT
3emunt [1—3]. B ¢Bg3u ¢ 3TUM B IOCJIEHNIE JI€CATHIIE-
TUS yUeHble W WCCTIe0oBATeNN MHOTHX CTPAH YIEJTIOT
oco60e BHIIMaHIWE OIleHKe PaJNaIlIOHHOTO BO3IENHCTBUS
MbLIEBOTO a3p030Jis1 B aTMocdepe, a TakKe H3ydeHUIO
MIPOIECCOB €r0 IepeHoca, TpaHchopMaIiu 1 H3MeHYH-
BocTu [4—11].
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OcHOBHbIE TPUPOJ/IHbIE UCTOYHUKHU TIBLIEBOTO a3-
pO30Jis1 — 3acylLINuBble U TOJIY3aCyILINBble pPEruOHbI
3eMHOTO TTapa, KPyIMHEHTTe N3 KOTOPBIX PACTIONI0KEHBI
B CeBepHoil Adpuke, Ha ApaBHiickoM IOJYOCTPOBE,
bmuxaem Bocroke u B llenTpanbhoit 1 BocTtouHoii
Asun [12, 13]. Hekotopsie pa6otsr [13, 14] nocssime-
HBI TPaHCATIAHTUIECKOMY TMEPEHOCY CaXapCKOi TIBLIN,
KOTOPasl SIBJISIETCS CAaMBbIM MOIIHBIM IJI06ATbHBIM HCTOY-
HHUKOM TbLIeBoro aspo3onsd, B CeBepuyio u [Oxxnyio
Amepuky. Bo MHOrux my6JuKalusX OIUCHIBAIOTCS
XapaKTepUCTUKU U YCJOBUS TIepeHOCa MBLIEBBIX a3Po-
3oJieit u3 CeBepnoit Abpuku B EBpory [15—17].

/Ipyrie MoTHbIe TJI06aTbHBIE NCTOYHUKHN MHLIEBO-
ro aspo30Jid pactnosokenbl B llenTpanbhoit 1 Bocrtou-
Hoit Asum (B mepByIo ouepeb B IIyCTHIHAX TakgaMakaH
u To6u) [5, 8, 18]. B psame paGor usyyaics JagbHuUii
nepeHoc B atMocdepe asmarckoii mpuim Ha for [lpm-
Mopckoro kpas [19], a Takke ycaoBUS U 0cOGEHHOCTI
TPAHCTUXOOKEAHCKOTO TlepeHoca MbLIN n3 A3ui B AMe-
PUKY C HUCIOJb30BaHMEM HA3eMHBIX M CIIYTHUKOBBIX
Cpe/ICTB HAOJIO/IeHUsT U TJI06QTbHBIX YHCJIEHHBIX MOjIe-
geit [20]. OtMeTuM TakKe /ABe TMyOJUKAIUU, Kacaio-
1pecs 3aHoca IbLIN B I0XKHbIE PErvHOHbI eBpoleiickoii
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tepputopun Poccun (ganee — ETP): ucroynnkn u ma-
paMeTpbl IBLIEBOTO a3po30Jisl Haj YepHBIM MOpeM
1 KpbBIMCKIM TOJyOCTPOBOM HccTeqoBach B [21],
a NOyTH TlepeHoca WbLIM Ha OOJbIINE PACCTOSHUS
¢ bmxuero Bocroka m CeBepHoit AQpuKH B TOpHBIE
paitonsl KaBka3sa paccMoTpeHbl B [22].

OmHako TBLIbHBIE GYpPH W TepeHOC MBI B BO3-
nyxe Habmonamuch n Ha ETP: B nmwxknem IloBorxbe,
Ha Cesepnom KaBxkase, o dem 3nan eme B.U. [lanb
U OYeHb KPAaTKO THCAJ B CBOEM CJIOBape, BBITIEIIIEM
B cepeaune XIX B., B 3aMeTKe O CJIOBe <«IIOMOXa:
«..CyXad MIJIa, BeAyllas K Heypoxkaio. JTO IPHPOJHOE
sBJeHNe HaOII0aeTcsl TP I0r0-BOCTOYHOM BeTpe, He-
CyIIeM MbLIb U MECOK M3 MYCTBIHHBIX, KAPKUX U CY-
xux paitonoB Cesepnoro IIpukacruss [23].

HecMoTpst Ha cTo/b JaBHIO HCTOPHIO, ITyG6JIMKA-
1IN 0 PeTHCTpaIy W aHajIn3e yCJIOBUI TepeHoca TIbl-
JU W3 3acyNUINBBIX W TMOJY3aCYIIJINBBIX PETMOHOB
B yMepeHHble mupoTbl Bocrtouynoit Esponbnt u ETP
oueHb Majo. VcciejoBaHMe cocTaBa <KeJTOTO» CHETa,
HabmoaBIerocs B Havase BecHbl 2008 T. B ApXaHTeb-
CKoil o6acTi B pe3yJibTaTe albHETO MePeHoca IbLIN
n3 paifoHoB AcTpaxaHckoil o6jacti u Kaambiknm,
BBITIABIIEH €O CHEXHBIMH OCAJKaMHU, OCYIIECTBJIEHO
B pab6oTe [24]. 3aKOHOMEPHOCTH JaJbHErO TIepeHOca
BO3JYITHBIX Macc n3 KaJMbIKum W aHaan3 HOHHOTO
coctaBa aspo3ouid B [TomMockoBbe n3ydeHsr B [25, 26].
Haxower, aBropaMu HacTosiieir paboTsl ObLIn 3aduK-
CHPOBAHbl U IIPOAHAIM3UPOBAHDBI 3MU30/bI IEPEHOCA
mpieBoro aspososis u3  Ilpukacrus u  KaaMbikun
B MockBy B pasuble ce3oubl 2020 r. [27—29].

[Tpo6siema 3arpsi3HeHUsI U KOHTPOJISI KadyecTBa To-
POJICKOTO BO3AyXa OYeHb aKTyaJdbHA [T BCeX CTpPaH
n peruoHoB [30]. CMelleHne aHTPOMOTEHHBIX Ta30B
U a’po30Jieil, BBIOPACHIBAEMBIX B IPU3EMHBIH BO3IYX
PA3JIMIHBIMA TTPOMBITIJIEHHBIMI TIPEINPUATHAMI, TPAHC-
MOPTOM U cJy:k6aMu Ku3HeoOecedeHnsl, ¢ IMUCCUSIMU
OT TPUPOAHBIX UCTOUHMKOB (pacrenuii, mous) cosmaer
pPa3HoO6pa3HyI0 U OYeHb M3MEHYUBYIO HEOTHOPOIHYIO
MPOCTPAHCTBEHHYIO CTPYKTYPY 3arps3HeHUs] BO3yXa
B ropojie, KoTopas GbICTPO MeHSeTcs M3-3a TO/BUKHO-
CTH BO3JYIIHBIX MacC M XMMHYECKOW aKTUBHOCTH UX
COCTaBJIATONINX.

[leap paGoTbl — aHANINW3 YaCTOTHI JAJbHETO Tepe-
HOCA BO3AYIIHBIX MacC W TBLJIEBOTO a3p0O30Jid W3 pafi-
ouoB lIpukacnug m 3amagunoro KazaxcraHa B IIEHTP
ETP u Bausanusa aTuX 3MU30/[0B Ha ypPOBEHb KOHIIEH-
tpaun PMy u PM, 5 B ropoze B Macimtabax cpejHe-
CYTOYHBIX U Cpe/lHeMeCSTYHbIX 3HaueHHnil Ha 6a3e MaTe-
pPHATOB HETPEepPHIBHBIX HAOMIONEHNI 32 a3pPO30JbHBIM
COCTaBOM IIPU3eMHOT0 Bo3ayXa B Mockse [31].

OcHOBHBIE 3a/1a4N HacTosIIeil paboThI:

— aHaIW3 MHOTOJIETHUX 3aKoHOMepHOCTell B Ha-
TIPaBJIEHNAX TIOCTYTIIEHNS BO3IYITHBIX Macc K MoOCKBe
B pasHble Ce30HbI, Bble/eHne perepHoii 3oubl (P3) Kak
JlaJbHell TPaHUIbI, OTKY/la BO3/YITHbIE MACCHI U TIepe-
HOCHMBbIE MU TIPUMECH MOTYT TocTynath B 1eHTp ETP
co croponbl [Ipukacnus;

— aHaJM3 KOHIeHTpaluil b u PM,s (u ux
BpPeMEHHbBIX Bapualuii) BOJU3M O4aroB  IBLIBHBIX
6ypb — TIO cpeJHEMeCSYHBIM JaHHBIM peaHaIn3a
MERRA-2;

— BBIIBJIEHHE MeCSIeB C IIOBBIINIEHHON KOHIIeH-
tparmeit PMy B MockBe, coBmagaioniux c MecsaiaMu
¢ BBICOKHMU KOHIIEHTPAINSAMHU THLIH B pationax [lpm-
Kacrus u P3;

— aHaJIN3 HaIpaBJeHUs [aJbHEro IepeHoca BO3-
JIYIIHBIX MacC [ OT/AeJbHBIX JHell 3TUX MecsIleB
7 BBIIBJIEHWE 9MM30/I0B TlepeHoca BO3AyXa M3 PaiioHOB
[Tpukacnus;

— KoJIMYeCTBeHHas OIleHKa BKJIAJ0OB IIBLIEBOTO a3-
po3onsa B coxep:kanume PMgy u PM,s B mpusemHom
BO3/yXe MOCKBBDI;

— OlleHKa U3MeHeHuil TeMIiepaTypbl BO3yXa U KO-
JudecTBa OcaJKoB B MOCKBe B 3IHU30/1aX TepeHoca
MBI OT UCTOYHUKOB B [Ipukacnuu.

1. MarepuaJjbl U MeTObI

Ipempiaynme wamm paboter [32, 33] moxasamm,
YTO KpOMe THIHMYHBIX YCJOBHN a3pO30JBHOTO 3arpsi3-
HEHUSI TPHU3EMHOTO Bo3lyxa B MOCKBe CYIIECTBYIOT
qan (Menbme 9%), Korga KoHLeHTpauusa PM;, B mpu-
3eMHOM Bo3ayxe Bbie ITJ[K. . (60 mxr/m®). Kak mpa-
BHJIO, 3TO pe3yJbTaT 3aHoca B MOCKOBCKHII pernoH
29PO30JIBHOTO 3arpsi3HEHMs OT MOKAapOB M,/ UM HCTOY-
HUKOB TIBLIN, HAXOIANINXCS B ApPYyTuUX 6oJiee WIH Me-
Hee yJAJeHHBIX PerrmoHax.

B mHacrogmeil paGoTe aHAMM3UPYIOTCS TaHHBIE
o koHueHntpamuun PMj;y u PM,s B mpuseMHOM CcJoe
arMocdepsl B MockBe, ToJydeHHble Ha ABTOMaTHye-
CKOIl CTaHIIMM KOHTPOJISA 3arpsi3HeHusT aTMocdepbl
(ACK3A) TIIBY <«Mocakomonuropunrs (MOM) Ha
nporsokernn 11 et — ¢ 2011 mo 2021 r. VM3mepenus
TIPOBOIJINCH HENPEpPhIBHO ¢ WHTepBajioM 20 MUH;
B pasHble TOJbI M MeCIbl OJJHOBPEMEHHO paboTaJu OT
12 nmo 25 cranimii, pacrojiO;KeHHBIX B Pa3HbIX paii-
OHAaX Topoja. Pe3yabTaTbl HaOMIOJEHWI TAlOT TIPe-
CTaBJeHNEe O B3arpsS3HEHNN BO3yXa Ha TIPOMBITLIEH-
HBIX, JKIJIBIX, TPAHCIOPTHBIX, MAPKOBBIX U JAPYTUX
TEPPUTOPUSX Topofa. Pe3ynbraTbl U3MepeHUil st
KaXKJIOTO MOMEHTa BpeMeHU YCPeAHSINCHh 10 BCeM pa-
6orammM ACK3A, m 3areM aHAJIU3UPOBAJINCH CPE-
HIe 3HaueHus KoHieHTparn PMy, u PMj 5 kak moka-
3aTeJN 3arps3HeHNUs MPH3eMHOTO BO3JyXa B MoOCKBe
B 1I€JIOM.

Ananu3 1yTeil nepeHoca BO3AYLIHBIX Macc K Mo-
CKBe TIPOBOJMJICA TIO OOPATHBIM TPAEKTOPHUAM WX [[BU-
JKeHHsI, pacCUYMTaHHBIM C TIOMOMbI0 JaHHBIX ARL
NOAA no moxmenm HYSPLIT [34]. /lmmureapHOCTD
TpaekTopuii 84 4, mHTepBaJ pacyeta 1 4, B MCXOAHOIN
TOYKE BBICOTA TPAEKTOPWH HaJ TOACTUIatoNeil To-
BepxHoctbio 100 M, Bpems crapra 00:00 UTC.

Cpe/iiee TPOCTPAHCTBEHHOE paclipesiesieHe TbLIN
WM YepHOTO YIJiepojia B MPH3eMHOM BO3JIyXe 3a Me-
CAIl WM CYTKU PACCMATPUBAJIOCH MO KapTaM peaHasi-
3a MERRA-2 [35], pasmep nukcens 0,5 x 0,625°.

Jl1s MHTepIpeTaii W aHAIN3a UCIHOJb30BANCDH
MeTeo/laHHble MOCKOBCKOI MeTeopOJIOTHYeCKOll CcTaH-
mnn  «bamdyrs, pacrmonoskeHHON B IIEHTpe TOpPOJA,
¢ caiitos [36, 37].

B pa6ote st KpaTKOCTU BBeJEHDBI YCJIOBHbBIE Ha-
3BaHU:
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1) peruon Ilpukacnuii — TeppuTOpHE Ha fore Ac-
TpaxaHcKoil obyacTu, B AesabTe p. Bosrm, Kammbikum,
IIpuapambe n 3amagubix paifoHax Kazaxcrana, s
KOTOPBIX XapaKTepHBLI IyCTbIHHBIE, ITOJYIIyCThIHHBIE,
OCyIIIeHHbIe U CTeIHble TTOBepXHOCTH;

2) pemepHas 30Ha Ha mupore 50° C.II. B TIpejiesiax
oT 45 10 55°B.A. — YCJOBHag AaNbHSAA TPAaHUIA TOI
TEepPUTOPUN, OTKyJa MOTYT IOCTYHaTb BO3/IyIIHbIE
Macchl u3 paifoHoB IIpukacmus B MOCKOBCKHIT DETHOH.

2. PesyubraThl 1 00Cy:K/1eHHE

2.1. Aanvnuit nepenoc 6030yutHbLX MACC
Kk Mockee — 11-1emnue 3axkonomepHocmu

g adpdexTuBHOTO aTMOChEpHOTO MEepeHoca IIbI-
JeBoro aspososd u3 Ilpuxactmg k MockBe Heo6X0Ii-
MO OJHOBpeMeHHOe BBITIOJHEHWE CIEAYIONNX YCIOBHIL:
1) UUPKYJANUSA BO3AYIIHBIX Macc, CHoCOGCTBYIOIAL
mepeHoCcy BO3/yXa U IpuMeceil OoT HCTOUHUKOB B Ilpu-
Kacrun (BpeMsl TlepeHoca Bosiyxa K MOCKBE OKOJIO
3 ¢cyTr); 2) NOBbINIEHHAs SMHCCHS TBLIM B paiioHax
HCTOYHUKOB U pellepHOil 30He.

O6mtre MpejCTaBAeHUsI O IIPOCTPAHCTBEHHOM Pac-
IpejieJIeHNN BO3/YIIHBIX Macc, HepeHOCHMBbIX B Moc-
KOBCKHII pEernoH B pasHble CE30HBI, Jal0T KapThl Ha
puc. 1 (1B. BKJIagKa). 3/ech NPeCTABIEHO KOJUYECT-
BO TOYEK eKeCyTOYHBIX OOPATHBIX TPAeKTOPHil /BUKe-
HUST BO3/IyITHBIX Macc K MOCKBe, TONABIINX B STYEiiKy
1x1°, mpu pacuerax 3a 10 mer (2011—2020 rr.) s
YeThIpeX MecsIleB, EeHTPAJIbHBIX I KaXK/I0TO CE30HA.
[ToraTHO, YTO TJIOTHOCTD TPAEKTOPHIT W, CIETOBATEJD-
HO, BeposITHOCTb IlepeHoca B LeHTp ETP BosaymHbix
mMacc (BMecre ¢ TpuUMecAMH) PE3KO YMEHBIIAeTCst
C yBeJIM4eHNeM PACCTOSHUS OT UCXOAHOH TOUKIL.

Uro kacaeTcsl BBe/leHHON Hamu P3, To B cpemaHeMm
3a 10 JjieT BEpPOSITHOCTD IepeHOCa BO3/YIIHBIX MacC OT
Hee B MockBy pasna 1,0; 0,4; 0,2 u 0,5% B sHBape,
ampesie, uioJe M OKTAGpe cooTBeTcTBeHHO (puc. 1).
To ecTp B cpesjHeM, HampuMep, B sSHBape BO3/yIIHbIE
Macchbl MOTYT IIPUHOCUTH IbLTb 0T P3 B MoOCKBY B Te-
4yeHne 3—4 CyT, a B OCTaJbHBIE CE30HBI — eIlle peke.

Konuenrpaips, MKr/ '

OpHaKo B OT/e/IbHbIE TOABI U MECSIbl TAKOTO MepeHoca
MOJKeT B0ooOIe He OBbITh WJIH, HAa0O0POT, €T0 BeposT-
HOCTb MOKeT ObITh Goubmre: HampuMmep 3% (Mapr
2020 1.), 8% (oxra6pp 2020 r.), 9% (amsapp 2018 r.),
10% (okTa6pp 2021 r.) um gaxe 17% (gexa6pb
2020 r.).

2.2. HcmouHuku nol1€6020 A3p030Js1
6 Cegepnom Ilpuxkacnuu

Kak nokaspiBator ganHble peaHasu3a MERRA-2,
B u3yuyaeMblx paffoHax IIpuxacnust Kpyriblii rog cy-
LIeCTBYIOT MCTOYHUKH IIbLJIEBOTO a3po30Jisl U IlecKa U3-
32 TBLUIBHBIX Oypb Pa3HON WHTEHCHBHOCTH, PACIIOJIO-
JKEHHBIX B Pa3HbIX MecTaX M 3aHMMAOUINX Pa3HyIo
mwiomaab. HeckolbKo ciiydaiiHO BBIOPAHHBIX IIPUMe-
POB TIPOCTPAHCTBEHHOTO pAacIpe/leleHns TbLTH OT Ta-
KOX HCTOYHUKOB B CPeIHEM 3a MeCsIl MpUBeJeHbl Ha
puc. 2 (11B. BKIagKa).

MakcuMaJibHble CcpejiHeMeCsUHble KOHIIEHTpaIiu
npi u PMy 5 B Bo3/lyXe y IIOBepXHOCTU 3eMJIM B paii-
OHaX MCTOYHMKOB lIpukacnusg 1Mo JaHHBIM peaHaIN3a
MERRA-2 na nporsaxennn 11 jer (¢ 2011 mo 2021 r.)
MmokasaHbl Ha puc. 3, a. B cpegnem ~20% or Maccbl
b cocTaBigeT Macca PM, 5. Xopollio BUIHBI TOO-
BBble BapHAIlNH PACCMATPUBAEMBIX COCTABJIIIONINX ad-
pPO30JII ¢ MaKCUMAJTbHBIMU 3HAUYEHUSMU B XOJIOIHOE
BpeMs rojla, Korjla B 3THX paifoHaX OueHb CyXO U3-3a
MaJIoTO KOJIMYECTBAa OCAKOB, U Gojlee HU3KUMHU 3Haye-
nuamu getom (puc. 3, 6). CesoHHbIE BapHallui KOH-
neHTparmun PM, ;s BOIM3NM WCTOYHUKOB KavyeCTBEHHO
AQHAJTOTHYHBI TpaduKy Ha puc. 3, 6 IS MbLIH.

Kak Buano u3 puc. 1, pacrnpocrpaHeHue IIbLII
B CeBepo-3alla/IHOM HAIPaBJIeHUH OT HCTOYHUKOB
Ha6JII0/1aeTCsl BO BCE MECSIbl, HO KOHIIEHTPAIUsI IIbi-
JieBoro aspo3ouisi B P3 Mosker 6biTh pasHoii. Ilo oren-
kam MERRA-2, aspo3oJsibHOe 3arpsg3HeHne mpu3eMHON
arMocepsl B P3 B cpeanem cocraBisier ~ 14% ot
MaKCUMaJIbHBIX 3HAUeHUI B paffoHaX HMCTOYHUKOB KaK
JUId KOHIIEHTPAIIMM TbIIM B IeJoM, Tak U A PMys.
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Puc. 3. CpeaHeMecssuHast KOHI[EHTpAIMs adpo3oJieil BOJU3U MOBEPXHOCTH 3eMJIM B paiioHe MCTOYHUKOB B IIpuKacnuu: ¢ — TbLIb
u PM,s; 6 — cpeansa sa 11 jer cpeiHeMecsauHas KOHIEHTpallis MbLIM 10 Ce30HaM 10 JaHHbIM peaHanuza MERRA-2.
3nech n panee: I — auBapb, A — anpeab, I — utoab, O — oKTA6PH
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2.3. Boidenenue mecsauee ¢ anuzooamu
ammocgeprnozo nepernoca notau
u3 Ilpuxacnus ¢ Mockey

PaccMoTpuM BpeMeHHBIE 3aBUCHMOCTH CpeHeMe-
caYHbIX KoHIleHTparuit PMyy u PM,s B mpuzemuom
Bo3ayxe Mocksbl B Teuenne 11 ser (puc. 4, a). 3ame-
M, uto 0 2016 r. koHueHnTpanusa PM; s usMmepsiach
cay:x60it MOM B TeCTOBOM peXnMe, HeperyIIpHO
n "Ha HebombiioM uyncie ACK3A, 4To mpuBeso K MHO-
TOUMCJEHHBIM TIPOMyCKaM B pPe3yJbTaTax, 3aTpPyAHSIO-
UM KOpPPeKTHOe cpaBHeHHe ¢ 6oJiee MO3JHUME JaH-
HbIMEH HabmofeHuit. /[ opraHmsanum KadecTBEHHO
OJTHOPOJTHBIX PSIJIOB JIAaHHBIX MbI TIPOBETH KOPPEKINIO
BeJUYMH KoOHIeHTparmun PM,s 3a  2011—-2015 rr.
Ha ocHoBe GoJjiee TOJHBIX JaHHBIX MOM mno PM,;
3a 2016—2021 rr. m mo PMj, 3a Bce paccmaTpuBae-
Mble TOZbl. B KadecTBe K0a(hPUINEHTOB IMepecyeTa
UCIIOJb30BAMICH — cpeHue 3a  IecTb jer  (2016—
2021 IT.) OTHOIIEHUS CPeJHEMECIYHbIX KOHLEHTpALUil
PM,s/PMy, ana pasmmyHbix Mecsaues (puc. 4, 6),
MMOCKOJIbKY 3TOT IlapaMeTp HuMeeT YeTKUN Ce30HHbIN
X0/l ¢ MUHUMAJIbHBIMH 3HAYEHUSMU B TEIIOe BpeMs
roga u MakcumyMmoM 3umoit [32]. Crabbiii mososku-
TeJbHBIN TPeH I Cpe/lHeEMeCSYHON KoHIieHTparuun PMy,
B MockBe 3a paccMaTpuBaeMble rofbl (puc. 4, a) Mo-
JKeT OBITh CBSI3aH C aKTUBHBIMH CTPOHWTEJIbHBIMU U pe-
MOHTHBIMH PaboTaMU, TPOBOANMBIMI aJMUHUCTpPATTHei
ropo/ja.

Cpe/iee 4nCa0 MecCSIEeB, B TeYeHHe KOTOPBIX ObI-
JIO HECKOJIBKO CYTOK, KOTJIa CpeJIHeCyTOYHas KOHIIEeH-
tpanuga PMyy npesbimana 11K, ., coctaBuio B Mock-
Be 14% 3a paccmarpuBaembie 11 ser. ITpu sToM umcso
JiHel co CpeIHeCyTOUHOIT KOHIIeHTpaImei
PMy > II/IK.. B cpexneM 3a ToJ He TipeBbImaer 9%,
YTO XOPOIIO COOTBETCTBYET JAAHHBIM [32], mosydeHHbIM
Npu aHa/Im3e HaGJIOJeHN 32 a3po30JieM B OJHON TOY-
ke B neHtpe MockBbl B 2020—2022 rr. OpHako sKc-
TpeMaJbHO BBICOKOE a3pO30JibHOE 3arpsa3HeHne aTMo-
ceppr B MockBe yacTo 06yCJIOBJIEHO He TOJBKO Tiepe-

HOCOM TIbLIN U3 paifoHoB I[Ipukacmus, HO oHOBpeMeH-
HO W TIEPEHOCOM a’po30Jiell TOpeHUus OT MOKapoB Ha
ETP. K coskajeHnio, BBIGOPKH CJMITKOM MAaJbl JIJIst
JIOCTOBEPHOI'O CTATUCTHYECKOTO pa3/iesleHus 3TUX CJLy-
yaeB. AHa/IN3 OTHOIIEHUS KOHIleHTpanun yactuil PMy
u PM,s Toxe He UpPUMEHNM, IIOCKOJbKY 3TOT Iia-
paMeTp CHUJBbHO 3aBUCHT OT MOITHOCTH WCTOYHUKOB
u jpajbHOCTH aTMocdepHoro nepeHoca. IloatoMy Mbl
mpuber K PacCMOTPEHUIO €KeCyTOYHBIX KapT pac-
npe/eieHns b 1 vepHoro yruaepogaa Hag ETP (1o
naHHbIM peanaimza MERRA-2) u mpocTpaHCTBEHHOTO
TTOJIOKEHMS TPAEKTOPHiIl TepeHoca BO3MYIIHBIX Macc
B MOCKBY /IJisI MecsiiieB, Korja HaOIOaIuCh 3TMU30/bI
¢ PMyy > II/IK. B pesyJbTare GbLIN BbIEJEHBI BOCEMb
mecsies (~ 6,1% 3a 11 jer), Korja MoBbIIEHHe YPOB-
HA aspO30JIbHOTO 3arpsisHeHnsT atMocdepbl MoCKBBI
B 1[eJIOM GBLIO CBA3AHO C JAJTHHUM TIePEHOCOM MMEHHO
neum w3 Ilpukactmiickux  paiionos  (pumc. 5, 1B.
BKJIAJIKA).

CTatucTuka  CpeJIHeCYTOYHBIX  KOHIIEHTpaIuit
PMiy u PM; 5 B TedyeHue 3TUX BOCHMH MeCHIEB IMMOKa-
3aHa Ha puc. 6. BugHo, 4yTO MakcuMaJbHble KOHIIEH-
TpPAIIy  a3PO30Jieil  TIPEBBIMAIOT  COOTBETCTBYIONTIE
cpeaHeMecsiuyHble 3HadyeHus miaoc CKO, T.e. gaBagioTcs
aKcTpeMabHBbIMU. [Ipm 3TOM MakcuMaJsibHbBIE Cpe/lHe-
cyTounble B 2,7 1,1 paza IpeBoCXO/ST cpeHEMeCs Y-
Hble BeJqnunHbl. TakuM o6pa3oM, B OT/Je/bHbIe Me-
canpl, Korga nentp ETP nonBepskeH BIAMSHNIO TBLIEBO-
ro 3arpg3Henus u3 llpukacmnus, oxpyskaiomas cpeja
U HaceJeHWe B TeuyeHHe HeCKOJbKHUX JHell (B cpexHem
TPU-TIATH JHEH B MECSI]) WUCHBITBIBAIOT ITTOBBINIEHHYIO
23pO30JIbHYIO HATPY3KY.

OleHKN BJIMAHUS JJAJIbHETO TIepeHoca TIIbLIN U3
[Ipukacriusg Ha cpenHeMecsdYHble II0KA3aTeJn aspo-
30JIBHOTO 3arpsA3HeHN MPU3eMHOTO BO31yXa B MocCKBe
TTOKA3bIBAIOT, YTO B T€ MECAIIBI, KOTJa OTMeUYeH MepeHocC
mbu, KoumeHTpamuss PMy, u PM, 5 cooTBeTcTBEHHO
B cpeaHeM Ha 40 u 30% Bbimre, yeM cpeguue 3a 11 jer
3HavYeHNs I MecsiieB 6e3 mpesbienns [1/K. Koun-
4YecTBEHHbIE MMOKa3aTesu MpUBeleHbl B TabJI. 1.

45 . KoHIeHTpaIms, MKr/ M 0.9 PM2s/PMio
40 + 0.8F
- R =0,013 9.1
30 0,6
25 0.5F +
20 0,4

15 0,3F

10 A “\j\/\f'\/\\r\/\% 0.2}

) 0,1
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6

Puc. 4. XapakTepucTuKy aspo3oJis B IpuseMHoM Bozayxe B Mockse (110 ganasiv ACK3A MOM): a — cpegHeMecsuHble KOHIIEH-
tpatu PMyy u PMy 5 3a 11 ser, myHKTUp — JuHEHbIH TpeHa KoHueHTpauuun PMi; 6 — cpeanee 3a 2016—2021 rr. oTHOuIeHUHE
cpefHeMecsIHbIX KoHIleHTparuit PM, s/ PMj, («ycbi» — CKO) (6ykBaMu 0603HaYeHbI HA3BAHUA MECSIIIEB)
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Puc. 6. Cratucruka konuentpauuii PMy, (@) u PMy; (6)
B NPH3eMHOM BO3fyxe B MOCKBe B TeueHHe MeCSIeB C IIIH-
30/laMH TlepeHoca TbLIN U3 IIpuKacius

Ta6auma 1
CraTucTHyeckue IMOKa3aTesH JJIsI CpeJHeMeCTYHBIX
kounentpanuii PM;y u PM, 5 B npu3seMHoOM Bo31yxe
B MockBe 1714 Bcex MecsieB 3a 11 Jjer, 119 MecsieB
¢ neperocoM nblu u3 Ilpukacnusi U 11 HeBO3MYUIEHHBIX
mecsies Ge3 npesbimenust [IIK. .

Konnenrpaius PM, 5 | Konnenrpams PMy,
ITepron cpe- CKO Meaua- | cpe/- CKO Meaua-
HATD Ha HAS Ha
Bcee mecsipr 12,1 3,0 11,6 23,1 7,4 22,4
C nepeHocoM
TIBLITN 16,5 4,1 16,3 35,0 7,3 38,5
Bes npesbrie-
aus [TK. . 11,3 2,3 11,2 21,0 5,5 20,6

OTMeTUM, 4YTO B MECSIIbI C 3TMU30/aMU TlepeHoca
Bo3ayxa u3 I[lpukactiug Meamana pacipejiesieHIsT KOH-
nentpauun PMy, 3amMeTHO BbIllle cpe/lHell BeJUYUHDI,
YTO TOBOPUT O PEAKOCTH aHOMAJbHO BBICOKUX KOHIIEH-
tpain PM{y B MockBe. 9TO XOpOIIO COOTBETCTBYET
puc. 6, @ ¢ eIUHCTBEHHBIM AHOMAJIBHBIM MAKCUMYMOM
B Mapte 2015 1. (cM. puc. 5, ¢). [Tokasatenn gasa PM, 5
U3MEHSIOTCS MeHee Pe3KO.

2.4. Conymcmeyiowue memeoposiozuueckue
xapaxmepucmuru

[TocTymutenue TETMIBIX U CYXWX BO3AYITHBIX Macc
13 I0)KHBIX B TeHTpaJbHble paitonbl ETP mo/mxno co-
TIPOBOXKATHCS TIOBBINIEHHOI TeMIlepaTypoil BO3ayxa
W MaJIbIM KOJIMYeCcTBOM ocaakoB B 1lenTpe ETP. Oten-
Ka OTKJOHEHWH TeMIepaTypbl BO3/yXa U KOJMYECTBA

0cajIkoB B MOCKBE OT HOPMBbI — TI0 CPEHEMECSTUYHBIM
3HAYEHUIM JTUX MapameTpoB [37] — moaTBep:Kaaer
3Ty THUIOTE3y U KOCBEHHO CBUETENHCTBYET O KOPPEKT-
HOCTH BBIJIEJIEHIST MeCSIeB C 3IHM30[aMU  IepeHoca
IIBLIEBOrO a9p030J (Tabu. 2).

Ta6bauma 2
CraricTHYecKie MOKa3aTeJH ISl OTKJIOHEHHIT
cpe/lHeMeCSIYHbIX 3HAUeHHil TeMepaTypsl Bo3ayxa AT
U KOJIHYEeCTBa 0caikoB AP B MOCKBe OT COOTBETCTBYIONIUX
MecsTYHBIX HOpM (mo xaHHbIM [37]) ais Bcex Mecsies
3a 11 Jer, 471 MecsiueB ¢ nepeHocoM nbum u3 Ipukacnus
U HEeBO3MYIIeHHbIX MecsueB Oe3 npesbiuennus IIJIK. .

AT, °C AP, MM/ Mec.
IIepuo, R B _ _
puoa cpen CKO Meua- | cpen CKO Me A
HSST Ha HAS Ha
Bcee mecsip 0,6 2,4 0,8 2,5 30,9 -2,0
C nmeperocoM
TIBLIN 1,9 2,0 2,0 -9,1 12,7 -13,9
Bes mpesbiie-
s IT/IK, . 0,4 2,5 0,7 3,4 32,2 -2,0

Kak BumHo u3 Tabu. 2, mpu oOMUX HeOGOJIBITNX
MIOJIOXKUTEJNbHBIX OTKJIOHEHUSIX TeMIlepaTypbl BO3/yXa
W KOJIMYECTBA OCAJKOB OT HOPM B TeUeHWe paccMaTpH-
BaeMbIX 11 JleT na/s MecdneB ¢ 3MU30/aMU TlepeHOCA
nbn u3 llpukacnusg aTu MoKaszaTesn 3HAYNTETHHBI:
TeMIlepaTypa BO3JyXa 6viue HopMbl moutn Ha 2°C
B cpeaneM (TP MaKCHMaJIbHOM 3a 5TH MECSIbl OTKJIO-
HeHun ot HopMbl 4,5 °C B Mapte 2020 T.), a KoJIMYeCT-
BO OCAJKOB HiKe HOPMbBI B cpefHeM Ha 9 MM/ Mec.
CpaBHUBaTh aGCOJIOTHBIE 3HAYEHUS TeMIepaTypbl He
UMeeT CMBICJIa W3-32 BBIPAKEHHOTO TOJOBOTO XO/Ia
TeMIlepaTypbl BO3/yXa B CpeJHUX MMpoTax. MuHu-
MajibHOe aGCOJIIOTHOE KOJUYECTBO OCAIKOB B MOCKBe
3a Te JKe BOCEMb MeCSIeB COCTaB/IsLIo 14 MM/ Mec.
B Mapre 2015 r. (Ipu cpeiHeM KOJIHYECTBE OCAKOB
B HEeBO3MYIIIEHHbIE MeCAIbl, KaK M 32 BCe MeCSIlbl Ha
mporskerun 11 jer, ~60 MM/Mec.). Takum o6pasoM,
AIM30/IbI TIepeHoca MbLIM n3 paitonos Tpukacmus (1mo-
MoXa) JIeHCTBUTENBHO COMPOBOMKIAIOTCS CYyXO# U Kap-
KOil 1I0ro/10if U Irpo3AT HeyposKaeM.

B 3akiioyenme oTMETHM, YTO SMU30/bI TEPEHOCA
b 13 [Ipukacnusg cKa3bIBalOTCS He TOJIBKO Ha BCeil
teppuropun Mocksbl, HO u B Ilogmockosbe. Ilo gan-
HBIM CHHXPOHHBIX HENpPepbIBHBIX HaOJI0/IeHuil 3a co-
CTaBOM a»po30Jisd Ha 3amaze IloaMockoBbs (~ 50 kM
OT TOpojla, HeJaleKo OT J3BeHUropoja MOCKOBCKOIt
o6mactu) W B IeHTpe MOCKBBI, IIPOBOJMMBIX HaMIH
¢ 2020 t., B paiioHe 3BeHHUTOpPO/A TaKk:XKe OBLIN 3apUK-
CUPOBAaHbl CHUHXPOHHBIE BCIIECKH a3PO30JIbHOTO 3a-
TPSA3HEHNS, COOTBETCTBYIOIINE PACCMOTPEHHBIM TpeM
smmzogam 2020 r. (eMm. puc. 5, e—3 u puc. 6).

B te muu u Mecsipl, Korja B MockBe ObLIH 3ape-
TUCTPUPOBAHBI BbicoKne KoHIeHTpaiun PMiy u PM,
u3-32 IMOCTyIUIeHUs1 bl 13 Ilpukacnus, 3HaueHUs
AOT (550 um) B armocdepe, [0 JaHHBIM CTAHIU Me-
sxayHapoasoit cetun AERONET, pa6orasmeit go 2021 r.
B TOM JKe paiione IToaMOCKOBBsI BO/IM3M 3BEHUTOPO/IA
MockoBckoii o6acti [38], 66T 04eHb BBICOKU M J1OC-
turaan 1,5 u pake 2,0, 4TO KOCBEHHO TO/JTBEPIK/IAeT
MOJTy9eHHble aBTOPAMU Pe3yJIbTATHI.
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3akaouenne

BriepBbie moipo6HO PAacCMOTPEHBI ATH30/IbI TaJIb-
Hero armocgepHOro mepeHoca mbLn u3 paiioHoB Ce-
BepHoro [Ipukacnus B nentp ETP no gannbiMm Henpe-
PBIBHBIX HaGJIOEHUH 3a COCTaBOM IPU3EMHOTO aspo-
30711 B MoCKBe Ha CeTH aBTOMATHYECKHX CTaHITUI
KoHTpoJisl 3arpsisHeHus1 atMocdepnt ['TIBY «Mocako-
MOHHUTOPUHT ».

IIpoBenen anasus koumeHTpanuii mbm u PM, 5
(a Taxke UX BpeMEeHHBIX BapHaluii) BOIM3H 0OYaroB
MbUIBHBIX OYypb 10 CPeIHEMECSYHBIM JaHHBIM peaHa-
an3a MERRA-2. IlokaszaHo, 4To MakcHMaJIbHble KOH-
LeHTpallul IMPUXOAATCS Ha XOJOJHYI0O YacTb Troja,
KOT/Ia B PETHOHAX-MCTOYHIMKAX MIHUMAJIBHO KOJUIECT-
BO 0CaJIKOB. B6/mM3n o4aroB MbUIbHBIX Oypb (MCTOUHM-
KOB IBLIM) JOJA MacChl aspO30JIbHBIX YaCTHI pa3Me-
pamMu MeHee 2,5 MKM cOCTaBJisieT B cpefaHeM ~20% or
Macchl BCell TBLIN.

Borasiensl BoceMb MecsteB (6,1% 3a 11 1er), xo-
raa KoHueHtpamnn kak PMiy, B MockBe, Tak 1 NbLIN
B paiifoHaX HbLIbHBIX Oypb Ha foro-Bocroke ETP Gbuin
MaKCUMAJIbHBI. B 2T Mecdipl 3apuKCUpoBaHbI AMI30-
a1 (umTenbHoctbio oT 3 o 10 aHeil), kKorjga KOHIIEH-
tpamusa PMj, Obuta Bbrme [1/IK.. um mpomcxomumt
nepeHoc B MOCKBY BO3/YIIHBIX MacC U IIbLIEBOIO a3-
posong u3 pationoB Ilpukacnug. MaxkcumasbHble
Cpe/lHeCyTOUHble KOHIleHTpaiun PMy Bo BpeMs TaKHUX
anm30/10B B 2,7+ 1,1 pasza MpeBOCXOJAAT COOTBETCT-
ByIoIllMe cpe/lHeMecsSuHble 3HaueHusi. [Ipm 3TOM KOH-
nentpamun PMyy u PM, 5 cooTBeTCTBEHHO B cpe/lHEM
3a Mecsr Ha 40 u 30% Bbile, 4yeM cpejHHe 3HAYEHIS
3a 11 met ama mecarneB 6e3 mpebinenus [1/[K. Taxkmm
o6pa3oM, B OTAeJIbHBbIE Mecsilbl, Korga IteHtp ETP
MO/IBEP;KEH BJIMSHUIO TBLIEBOTO 3arps3HeHust u3 [Ipu-
KacIys, OKpy:Kalollas cpejla U HaceJieHHe 3THX pafi-
OHOB B TeueHHEe HECKOJbKHX JHell (B cpeaHeM s
MockBbl MeHee 9% maHeH B TOMY) MOTYT HCIBITHIBATH
TTOBBITIIEHHYIO a9PO30JbHYI0 HATPY3KY.

[/l MecgaieB ¢ anm3osaMu TlepeHOca TIbLIA W3
Ilpukacmis TeMmepaTypa BO3AyXa B CpEIHEM Gbllue
HopMbI o4t Ha 2 °C (IIpu MaKCHMaJbHOM 3a 3TU Me-
CAlBI OTKJIOHeHNH oT HopMbI 4,5 °C B Mapre 2020 r.),
a KOJIMYECTBO OCAJIKOB HuUKe HOPMBI B CpeJHEM Ha
9 MM. MuHIMaIbHOE aGCOIOTHOE KOJIMUYECTBO OCAIKOB
B MocKBe 3a Te ke BOCEMb MecsIleB cocTaBuio 14 Mm
B Mapre 2015 r. (Ipum cpeaHeMecsSYHOM KOJUYECTBE
0CaJIKoB Ha IpoTskennu 11 jer okono 60 MM).

@DunaHcupoBanue. Pa6oTa BbITONHEHA MPHU MOM-
aepsxkke PHD (rpant Ne 23-27-00063). Anaimus kaprt
MERRA-2 npocTpaHCTBEHHOIO paclipejiesleHusl IIbLIn
Haz toroM ETP, BkiIouas omycTblHEHHbIE TepPUTOPUU
B Kanmpiknn, — npn noagepskke PH®D (rpant No 20-
17-00214-11).
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A.A. Vinogradova, D.P. Gubanova, E.A. Lezina, Yu.A. Ivanova. Dust aerosol from the Northern Cas-
pian Sea regions in the near-surface air of the center of European Russia.

Dust aerosol from the areas of sandstorms is transported by air masses for thousands of kilometers, affect-
ing the optical properties of the atmosphere, climate, and terrestrial natural objects. The northern Caspian re-
gion — the territories of Kalmykia, the Volga Delta, the Transcaspian lowlands and northwestern Kazakhstan —
is a year-round source of dust aerosol. The increase in the level of aerosol pollution in the near-surface Moscow
air, associated with long-range atmospheric transport of dust from the Caspian regions, is analyzed according
to continuous observation data at the stations of the State Budgetary Institution Mosecomonitoring during
2011-2021. We have revealed eight months (about 6%) with episodes where the daily PM;, concentration
in Moscow was higher than the MPC. Their duration ranges from 3 to 10 days and on average does not exceed
9% of the total number of days per year. The maximal values of daily PMy, concentration in the near-surface
city air during such episodes are 2.7+1.1 times higher than the corresponding monthly average ones.
The months with episodes of long-range atmospheric dust transport to Moscow are characterized by increased
air temperature by 1.9+ 2.0°C and reduced precipitation by 9+ 13 mm on average relative to the corresponding
norm values for Moscow.
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