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B crarbe aHaM3NPYIOTCS TaHHBIC HAOMIOEHNH 32 MHTET pAITLHOI ONTHYECKOH TOJIIIMHON aTMOC-
(epbI Ha CPETHEIMPOTHBIX CTAHIIMSIX (POHOBOrO MOHUTOPHHTA 3arpsi3HEHNST aTMOC(EpPBI Ha TEPPHTOPHI
Poccniickoii deneparyu 3a 6omnee uem 40-1eTHIH IEPHOJ; JaHHBIE CIIEKTPAIBHEIX (POTOMETPHIECKUX
HaOJIOICHUH 32 a3P030JIbHOM ONTHYECKOH TOJIIMHOM Ha CTaHIMIX MekTyHapoaHoi cetn AERONET,
PACIIOIOKEHHBIX B BEICOKHX M CPEIHHX IIHPOTAX; JaHHbIE CIEKTPAIBHBIX ()OTOMETPHUYECKHX HalITroze-
Huil B AtantuueckoM 1 FOKHOM okeaHaX, HAKOILUICHHBIE BO BpeMs PeHCOB HayUHO-IKCIIETUIITOHHBIX
cynoB B AHTapkTHIY 1 00paTHO. CONOCTABICHBI IPYT C APYTOM Pe3yNbTaThl OHUX M TEX XKE BHIOB
HaOJIIOICHUH B CPEIHNX IIHPOTAX U B CEBEPHON U I0XKHOM ITOJIPHBIX 001acTsIX. AHAJIN3 MaTepraIoB
HaOJTIOIeHNH, TIOJTyYeHHBIX B TaKUX Pa3HOOOPA3HBIX YCIIOBUSX, MO3BOJIMI OLEHHUTH CIEUBHUKY U
JIMHAMUKY U3MEHEHHUH a3p030JIbHOTO 3arPsA3HEHUS B Pa3/IMUHbIX PETHOHAX [IJIaHETBL.

Kniouesvie cnosa: nHTErpanbHas ONTHYECKAs TOJNIIMHA, a9PO30JIbHAS ONTHYECKAs TONIINHA,
MOHHUTOPHUHT 3arpsi3HEHHS aTMOC(EpPHI, BRICOKHE U CPEeAHNE IUPOTHI, ApKTrKa, AHTapKTHAa, Mu-
pOBOIi OKeaH.

BBEJEHUE

Hernpexpararomuiicsi pocT aHTPOIIOr€HHBIX BBIOPOCOB B arMocdepy BeJIEeT K yBeInye-
HUIO UX COEPIKAHUSI JIasKe Ha 3HAYNTEIHHOM YJIaJICHUHU OT NCTOYHUKOB. [loencTsust 3Toro
MOTYT OBITh Pa3JIMYHBIMH, BKJIIOUasi ©3MEHeHUs Kinmara. [loaromy nox srunoit Beemup-
HOU MeTeoposoruueckor opranusauu (BMO) ¢ korna 1960-x IT. BeeTCsl MOCTOSTHHBIN
KOHTPOJIb YPOBHSI 3arpsi3HEHHsI aTMOC(epbl BHE 30H HEIOCPE/ICTBEHHBIX aHTPOIIOT€HHBIX
BBIOPOCOB Ha CETH CTaHIMH (POHOBOro MOHMTOpHHTA 3arps3HeHus: armocdepsl (WMO,
1971; PyxoBonctBo, 1991). B nepeuens onpenenseMbIX NapaMeTpoB BKIIIOUECHBI, B 4aCT-
HOCTH, ONITHYECKHE XapAKTEPUCTUKH aTMOC(EPHOT0 a3p030JIsi, B TOM YHCIIE a9PO30JIbHAs
OITHYECKasl TOJIINHA.

OOmmMpHBIN MaTepual 00 a3p030JIbHO-ONTHYECKUX XapaKTePUCTUKAX aTMOC(epbl Ha
CpPEHEeIIMPOTHBIX CTAHIUSAX (POHOBOIO MOHUTOPHHTA 3arpsizHeHus aumocdepbl B Poccun
oxBarbiBaet Oosee yem 40-1eTHUH nepruoa. ITo TaeT BO3MOXKHOCTD ITPOCIIEIUTh INHAMUKY
9THX XapaKTEPUCTUK BO BPEMEHH, a TAKIKE CONOCTABHUTH ITOJyYeHHbIE PE3yJIbTaThl C aHa-
JIOTMYHBIMU JJAHHBIMH Ha CTAHIHSX, PACIIOJOKEHHBIX B BBICOKHX MINPOTaX.

K paccMmorpenHio ObLIM TakKe MPUBJICUEHB! JaHHbIE M3MEPEHUH CIEKTpaJIbHOW
a’pO30JILHOM ONTHYECKOH TOJIIMHBI aTMOC(hEpbl Ha CTAaHIMIX MEXKIYHApOJHOH ceTH
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Habmronernit AERONET (Smirnov et al., 2009) u nannbie, coOpanuble 3a mocuenaue 10
neT B AtmaHtrdeckoMm u HOKHOM OKeaHaxX Ha HayYHO-IKCHEeTUIHUOHHEIX cymax (HOC),
cnenyromux u3 Cankr-IletepOypra B AHTapKTHIY U 00paTHO. Bee 3T0 MO3BOMIIIO OIICHUTH
crierUKy a’3po30JIHHOTO 3aMyTHEHUS B Pa3IMYHBIX pallOHAaX 36MHOTO IIapa.

AHAJIN3UPYEMBIE JTAHHBIE

[TpencrapisieMble B IaHHOM CTaThe pe3yNbTaThl HAOMIONCHUI B CPEHUX IUPOTAX
TIOJTyueHbI CHavasla Ha COBETCKUX, a IM03/IHEe — Ha POCCUICKUX CTaHIMAX (POHOBOTO MO-
HUTOpHHTa aTMoc(depbl B paMKax MexTyHapoJHbIX nporpamMm Background Air Pollution
Monitoring (BAPMoN) (WMO, 1971; bepnstaa u ap., 1982) ¢ 1972 1. u Global Atmosphere
Watch (GAW) (WMO/GAW..., 2005) ¢ 1989 .

[To manubM HabmoneHuit BAPMoN — GAW paccuuThiBasiach ClIeKTpaibHas a3po-
30JIbHAs onTHYeckas ToimrHa artMochepsl (AOT) u CBsI3aHHBIH C pacpeeICHUEM adpo-
30JIbHBIX YaCTHIL [0 pa3MepaM IOoKa3aTesb CEJICKTUBHOCTH adpO30JILHOTO OCIa0leHHs
Amnrctpema (WMO, 1971; Pycuna, 1977, 1997; PykoBonctBo, 1991). Onnako B 1993 1.
cnekTpaibHble HaOmoneHns: B Poccun ObuM BBIHYXIEHHO nipepBaHbl. Jlumb ¢ 1997 1.
Ha CTaHIMIX (POHOBOrO MOHHTOPHHIA Hadaja JeiCTBOBAaTh COKpAIIEHHAas Mporpamma
HAOJTFOJICHUH TOJIBKO 338 MHTETPAJILHOMN onTuueckoii TommuHoi armochepst (MOT). Iepe-
YeHb CTaHIMI (pOHOBOr0O MOHUTOPHHIA MpUBOANTCS B Tabm. 1. Ha Hux ¢ 1972 mo 1993 r.
MIPOBOIMIINCH criekTpanbHble n3MepeHust AOT, a m3mepenus MOT BexyTcsa HepepbIBHO
¢ 1972 r. mo HacrosIee BpeMs.

Tabnuya 1
Cranuuu ()oHOBOro MOHMTOPUHIA

CraHnus Pation pacmonoxeHust A° c.IL. ¢° B.I.
TypyxaHnck Kpacnosipckuii kpait 65,8 87,9
Yere-Beivb Pecnybnuka Komu 62,2 50,4
CoikteiBKap” | PecryGinka Komu 61,7 50,8
BoeiikoBo JlennHrpaznckas o0. 60,0 30,7
[TamsaTHOE Kypranckas 001 56,0 65,7
Kypran® Kypranckast 00i1. 55,5 65,4
Xyxup WpkyTtckas 061., 0. OnpxoH, 03. baiikan 53,2 107,3
UpkyTck” HUpkyTckas o0 52,2 104,3
[Mamxarmaz | KapadaeBo-Uepkecckas Pecryonmka 43,7 42,7

B Tpex pernonax Poccun — Pecny6nuke Komu, Kypranckoit nu MpkyTckoit 00-
JIACTSIX — HAOJIIOIEHUS TPOBOAATCS HE TOJIBKO Ha (DOHOBBIX CTAHIMSX, HO U B MAPHBIX
UM TOPOJIaX, Pacloiaralolinxcsi B HECKOJIBKHX JIeCITKaxX KUJIOMETPOB OT HUX (B Ta0:I.
1 oTi roposia oTMeueHsl ). bl pe3ynbraToB HabmroaeHnit MOT Ha 9THX CTaHIHSX 32
nepuog ¢ 1972 no 2014 1. mo3BOJSAIOT TPOCIEAUTH MHOTOJIETHHE U3MEHEHHUSI JAaHHOTO
napamerpa.

COBMECTHO C pe3yJbTaTaMy HaOJIIOICHUI Ha 3 TUX CTAHLUSIX aHAJM3UPYIOTCS TAaKkKe
JaHHble MHOTOJIeTHUX Habmronenuit 3a MOT Ha cTtaHusax B ApKTUKE U AHTapKTUE; Ma-
TEpHUaJIbI IPSIMBIX CHIEKTPAIBHBIX (POTOMETPUUYECKUX U3MEPEHHH a9P030JIbHON ONITHYECKOM
TOJIIMHBI aTMOC(EPHI Ha 3apYOEKHBIX apKTUYECKUX M PACIIOIOKEHHBIX Ha TEPPUTOPUH
PO cranmusax AERONET; nannbie cynoBsix HaOroneHuit 3a AOT, BeimosasBmxces ¢ 2005
no 2015 . B pa3iu4HbIX paifoHax akBatopur Mupooro okeana (Paanonos u np., 2002,
2007, 2015; Tomasi et al., 2012).
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UHTEI'PAJIBHAS OIITUYECKAS TOJTHIMHA ATMOC®DEPbBI

Wurerpanbhas ontuueckas Tommuna armocdepsl MOT onpenensiercst Mo 1aHHBIM
CTaHJAPTHBIX AKTUHOMETPUUECKUX U3MEPEHUM NPSMOIl CONHEYHON pajdaluu U3 COOT-
Homenus (EBneBny, CaBukoBckuii, 1989)

HOT = —InP, = —(sink + 0,204)-In(S,/S,)/1,41,
e S, — u3MepeHHas npu Bbicote CONHIA /1 ¥ IPUBEICHHAS K CPEJIHEMY PACCTOSHHUIO OT
3emun 10 Conuuia nipsmas coHeuHas paauanus (kBr/m?); S, — 3aarmocdepHas conHeuHas
HOCTOSIHHAs; P, — KO3((UIMEHT HHTETPAILHON MPO3PaIHOCTH.

NOT no3BossieT KOCBEHHO CyIUTH 00 a3p0o30JIbHOM ocitabiieHnu B armocgepe, 1mo-
CKOJIBKY ITPE/ICTABIIIET COO0I ONTHYECKYIO TOIIIMHY aTMOC(hephl IS IPSIMOI COTHEYHOM
paauaiuu B quana3oHe JUaH BoiH AA = 0,3—4 MM mipu atmocdeproit macce m = 2. Ee
Bapuanyy B 3TOM JIMaria30He JJTHH BOJIH OIPEJIeNSIOTCs INIaBHBIM 00pa3oM CofiepKaHueM
B arMocgepe a’po3oiisi M BOAsSHOTO mnapa. IlotoMy B 1enoM B Teruioe Bpems Tofa u3-3a
0O0ITBILIETO BIIAr0COAEPKAHMUS aTMOC(EPHI M yBEINUYEHHS TypOYIIEHTHOTO 0OMEeHa 3HAYEHHsI
WOT npesslimator HabmonaeMple B X0IOAHbIH nepuoa. CiieyeT OTMETHTh, YTO B TOPOI-
CKUX YCJIOBHSIX C Oojiee BBICOKMMH YPOBHSMH a3pO30JIbHOTO 3arpsi3HEHHsT aTMOC(eph
HWHTErpajibHasi ONTHYECKasl TOJNIIMHA, KaK IPaBUIIO, BBIIIE HAOIIOJAaeMOl Ha ITapHBIX
CTaHLUSAX BHE TOPOAOB.

Jns ouenku mHoronetHel u3sMeHunBocTr MOT nenonb30BaHbl BETUUUHBI €€ HOPMU-
POBAHHBIX aHOMAJIMHM OTHOCUTEIBHO MHOTOJIETHUX HOPM Ha KaX10# U3 aHAIU3UPYEMBbIX
cTaHLUH. 3a HOPMBI IPUHATHI cpeanue rofosele 3HaueHuss MOT 3a mepuon ¢ 1979 no
2012 r. 3a uckirouenuem 1983-1984 u 1992—-1993 rr., xorga NposBISUIUCH [TOCHEICTBUS
BYJIKAHNYECKUX U3BEPIKeHNi, T.e. paccmarpuBaiich cpeqane MOT 3a 30 dpakruueckux et
HaOMoIeHni. DTH HOPMBI IPUBEICHBI Ha PHC. | IS CTaHIMA, IepeyrcIeHHbIX B Ta0I. 1,
U JUIS aHTapKTUYECKOl cTanuun MupHbIi.

Kaxk BuyiHO Ha puc. |, MUHNMalIbHAs ONITHYECKas TOJIIMHA aTMOC(epbI (MaKCHMallb-
Hasi IPO3pPavHOCTh) HaOJIOaeTCsl Ha BBICOKOTOpHOI cranimu [llamkarmas (BbicoTa Haj
ypoBHeM Mopsi 2070 M) 1 Ha aHTapKTHYECKOM cTaHIK MupHbIid. CaMble BRICOKHE 3HAYCHUS
NOT nonmy4eHs! Ha CTaHIUSX, PACTIOIOXKEHHBIX B roposiax (CrikTbiBKap, Kypran, UpkyTck),
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Puc. 1. Cpennue rogoseie 3HaueHus (HopMbl) MOT 3a 19792012 rr. 32 uckimtouernem 1983-1984 u
1992-1993 rr., Koraa NposBIUTICH TOCIEICTBHA BYJIKAHHYECKUX U3BEP)KEHUI, Ha ()OHOBBIX CTAHLIUIX
cpeaHux mWupot (Tadn. 1) u Ha cT. MupHBIA B AHTapKTHIE.
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Puc. 2. MexrozoBas ©3MEHUMBOCTb HOpMHUpoBaHHbIX anoManuil TOT (%) Ha craniumsax GpoHoBoOro
MOHHUTOPUHTa arMoc(epbl U Ha CT. MUPHBIIT B AHTapKTH/IE.

a Ha MapHBIX UM BHETOPOACKNX (DOHOBBIX CTAHIUAX — OHU MEHbIIIE. [0 BeTMIHE HOPMBI
C TOPOJAMHU MOXET CPAaBHHUTHCSI TOJIBKO CTaHIUS BoelkoBO, HAXOAAMIAsACS HA PACCTOSHUN
12 xM k BocToky oT Cankt-IletepOypra.

KapTtrna MeXromoBeIx KojeOaHUi 001Iero 3aMyTHEHUS aTMOC(Eephl Ha CPEIHEITH-
POTHBIX CTaHIMAX (POHOBOTO MOHHTOPHHIA M HAa aHTAPKTHUECKOW CTaHIMH MUpPHBIN OT-
HOCHUTEIBHO X MHOTOJIETHHX HOPM IpEJICTaBIeHa Ha puc. 2. Ha HeM oka3aHo H3MEHEHNE
(%) mopmupoBanHbix anHoManuit MOT ¢ nagana 1970-x . mo 2015 . BKIIOUNTETBHO.

W3 puc. 2 cnenyer, uTo HanboIee AUTETBHBIN TEPHOJ C TOIOKHUTEITLHBIMU OTKJIOHE-
nHusiMu UOT oT HOpMBI B 3HAYNTETIBHON CTETICHHU CBSI3aH C BIUSHUEM Psifia BYJKaHUIECKUX
n3BepkeHnit — Dyaro (1974), Dnp-Ungon (1982) u [Tunary6o u Xaacon (1991). Camprii
CYIIECTBEHHBII OTKINK aTMOC(hepsl ObUT 3apErHCTPUPOBAH HA BCEX CTAHIMAX IOCIE U3-
BeprkeHHs ByakaHoB [InHaty6o B mrore 1991 n Xazncon B aBrycte Toro e roma (Herber
et al., 1996). Ilocre MBYX 3THX W3BEP)KEHHH, CIEJOBABIINX OJHO 32 APYTHM, BEITHUNHBI
OTHOCHUTEJBHBIX aHOMAJINH ONTHYECKOH TONMMHBI arMocheps! focturanu 40-50 %.

C cepenunbl 1990-x TT. HaYaJIOCh YBENWYEHUE MPO3PavHOCTH, yMeHbIneHue MOT
1 TIOCTENEHHBIN mepexon HopMupoBaHHBIX aHoMamnit MOT B 06macTe OTpHIATETBHBIX
3HaueHnil. MUHNMaIbHBIE 3HAYEHUS] HOPMUPOBAHHBIX aHOMaIHi (10 —20 %) Ha cTaHIMAX
Yere-Beivb n CrikThIBKAp, Xykup U UpKyTCK, a Taroke Ha ctannnu [amkarmas Opoim 3a-
perucTpupoBaHbl Bo BTopoii momosuHe 1990-x T, a B [lamsataHoM n Kyprane, Typyxancke
u BoetikoBo — B Hauae 2000-x rT. K xonmy mepsoro necsatmietns X XI B. Ipo3paqHOCTb
arMoc(epbl BHOBb Hadasa OCTeNeHHO yMeHbIarsesi 1 IOT, cOOTBETCTBEHHO, YBETHUIH-
BaThCs 1 MPHOIMKATECSI K HOPME.

s cpaBaenus co 3HadeansaMu MOT Ha cpeaHemmMpoTHRIX (DOHOBBIX CTAHITUAX Ha
puc. 3 TONONTHUTENBHO TPUBEICHBI PACCUNTAHHBIC TT0 CPETHEMECSIUHBIM 3HAUCHHSIM CPEI-
Hue 3a HabmogaTenpHbIi eprox 20002014 rr. 3ragenns MOT u ux cpenHeKBaIpaTiIecKue
OTKJIOHEHUS Ha apKTHYECKUX TOPOJCKUX CTAHIUAX ApxaHrenbek (64,5° c.m., 40,5° B.11.)
u Hopunbck (69,3° c.m., 88,2° B.1.) 1 BHETOPOACKHUX CTaHUUAX byrpmuo (68,8° c.m.,
49,3° B.1.) u Omenék (68,5° c.mr., 112,4° B.1.). Kak BumHO, 3a paccMaTpuBaeMBbIil IEpHOA
cpennue 3Ha9eHNst MOT Ha ()OHOBBIX CPEAHEIIMPOTHBIX CTAHIMSIX U HA cTaHuK OneHEK
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Puc. 3. Cpennne 3a 2000-2014 rr. 3Hauenns MOT Ha (HOHOBBIX CTaHIMAX CPEOHUX MIMPOT U HA
APKTUYECKUX TOPOACKHX M BHETOPOJICKUX CTAHIMUSIX.

MaJio OTIIMYaroTCs Apyr ot Apyra. Cranius byrpuHo 1mo ypoBHIO 3arpsisHeHus arMocde-
PBI comocTaBuMa co craHnueil BoeiikoBo, Haxomsmelics BOnm3u Cankt-IlerepOypra, u
TOPOJICKUMH CPEHEHIMPOTHBIMH CTAHLUSIMU. B apkTHyeckux ropogax ApXaHrejibCck H
Hopuibek ontudeckast TosmpHa armocdepsl B cpeiHeM npuMepHo Ha 13 % Bbliie, yem
B PacCMaTpUBAEMbIX CPEIHEIIMPOTHBIX MAPHBIX (POHOBBIM CTAHIMSAM TOpOJaX, 3a CYET
OOJIBILIETO KOJIMUECTBA MPOMBIIUICHHBIX U JIOKAJbHBIX HCTOYHUKOB 3arpsi3HEHUH.

CIIEKTPAJIBHASI ADPO30JIbHAS OIITUYECKAS TOJIUHA ATMOC®EPBI

AxtuHOMeTprueckue HabmromeHus 3a MOT mo3BONSIOT CyauTh 00 a’po30IbHOU
COCTABIISIIOIICH 3arpsiI3HEHUSI aTMOC(EPBI TOJIBKO KOCBEHHO. JIMIIb MpsMBbIC M3MEPEHHS
CIEKTPAIEHOM a3p0o30IbHO onTnaeckoi Tommmas! (AOT) arMmocdeps! Ha pa3HbBIX AITHHAX
BOJIH JIAI0T BO3MOKHOCTH OLICHUTh COOCTBEHHO a3pP030JIbHOE OCIalJICHNE COTHEUHOH pa-
Jquaryy B armocepe. B Pocecnn takue HabmoneHns Ha CTaHIUAX (JOHOBOTO MOHUTOPHHTA
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Puc. 4. Cpennemecsiunble 3HaueHns AOT Ha Juinne BosiHbl 500 HM Ha apKTUYECKUX U aHTApKTUUECKON
cranuusax cett AERONET u Ha poccuiickoii anTapkTiueckoit craniuu MupHhstit ¢ 2000 o 2014 .
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npoBoIiTuch ¢ 1972 . m mo 1993 r. (Pycuna, Pagnonos, Cubup, 2013). B 2000-¢ rT. Ha
psizne poccuiickux craHnui Obuth Hadatel n3mepenns: AOT mo nporpamme AERONET u
B pamMKax ee Mopckoit yactht MAN — Hajt akBatopueit Muposoro okeana (Smirnov et al.,
2009). Kpome Toro, naunHast ¢ 1979 1. oHM peryssipHO IpOBOJSTCS Ha CTaHIMK MUPHBIH B
Anrapkrune u ¢ 2011 r. — B bapenndypre na apx. llnundepren (Cakepun u 1ip., 2014). Ha
puc. 4 npusoasatcsa cpeanemecsiunblie 3HaueHNst AOT Ha uinHe BostHb! 500 HM, TOTy4YeHHbIE
¢2000 mo 2014 r. Ha apKTUYECKHUX CTAHLMAX U aHTAPKTUUECKON cTaHuuu AMyHACEH-CKOTT
cetu AERONET, a Taxke Ha pOCCHICKON aHTapKTUYECKON cTaHIIMA MUpHBIIL.

Ha Bcex apKTHYECKHX CTaHIMSIX OTMEYACTCs CYIICCTBEHHBIH BHYTPUTOIOBOM XOI
a3PO30JIHLHOM ONITHYECKO TOIIUHEI ¢ MAKCHMYMOM B 3UMHE-BECEHHHH TIEPHO] ¥ OBICTPBIM
CIaJI0M 10 MUHUMAaJIbHBIX 3Ha4eHMi JieToM. Takol xapakrep ce3oHHoro xona AOT cBszan
C JaJbHUM TIEPCHOCOM 3arps3HCHHUN OT MCTOYHHKOB YMEPEHHBIX IIHPOT B APKTHKY, UX
HAKOIUICHHEM B TIOJWHBEPCHOHHBIX CIIOSIX B XOJIOIHBIN IepHO roa (00pa3oBaHUE «apKTH-
YECKOU JBIMKID» ) U TIOCJICAYFOITUM OBICTPBIM BBIMBIBAHHEM IIPAMECEH OCaIKaMH C Ha9aIoM
BecHBL. B AHTapkTne ce3onusnii xoq AOT He3HaunTeneH, ero MaKCHMyM HaOITro1aeTcs,
KaK M Ha KOHTHHCHTAJIBHBIX CTAaHIUAX B CeBEpHOM MONTYIIAPUH, JICTOM. V3Mepsiemble Ha
AHTAPKTHYCCKUX CTAHIMAX BeTHIuHbl AOT, THIIMIHBIC IS MEKBYIKAHUICCKHUX TIEPUO-
JIOB, — OITHU W3 caMbIX HU3kHX Ha 3emiie (Tomasi et al., 2012).

B tabn. 2 mpuBeneHBI OcpeqHCHHBIC 32 BCce ce30HBI HaOmoneHuit 2000-2014 rr.
sradeHus AOT(500) na pmiae BomHB! 500 HM Ha CTaHIUSX, MIPEACTABICHHBIX Ha pHC. 4,
1 MIX CPETHEKBAAPATUICCKIEC OTKIOHCHUS.

Tabnuya 2

Cpeanue 3a 2000-2014 rr. 3nayenust AOT(500) u ux cperHekBagpaTHYeCKHE OTKJIOHEHUS HA
APKTHYECKUX U aHTapKkTHYecKuX cTaHuusaXx AERONET
M Ha poccHiickoil craHuuu MupHbIi

Crannus AOT(500) £ CKO
Bappoy 0,098+0,049
Amnnenec 0,096+0,035
XopHCYH 0,075+0,034
Kanrepiyccyak 0,065%0,023
Omnan 0,067+0,030
[epn 0,071+0,029
Pe3onbror 0,078%0,036
Tyne 0,070+0,028
Tuxcu 0,11£0,06
AmynaceH-CKoTT 0,018+0,006
Mupublit 0,0214+0,005

3a yKa3aHHBII 11€pHOJ] B 11€JI0M HauOOJIBIINE YPOBHH a3PO30JILHOTO 3aMyTHEHHMS
armocepbl HabMIOAINCH HA apKTHYECKUX cTaHlusIX bappoy u Tukcu (Tad. 2). Beicokue
(OTHOCHTENBLHO CpPEeHMX 3HaueHUi) cpeaHekBanparnyeckue otkionenus AOT(500) Ha
ApKTHYECKHUX CTAHIMAX 3a IpeJCTaBIeHHbIe 15 neT HabmoneHuii 00yClIOBI€Hbl HMEHHO
CYILIECTBEHHOH BHYTPUIOI0BON U3MEHYUBOCTBIO a3P0O30JbHON ONTHUYECKOH TOJIIUHBL.

Cpennemecsunsie 3HaueHnst AOT(500) Ha konTnHeHTanbHbIX craHuusax AERONET,
PacIoJIOKEHHBIX B CPEHUX MIMpoTax Ha Teppuropun Poccun u Ha ctanuuu Tukcu B Ap-
KTHUKE, IPUBECHBI Ha pUC. 5.
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Puc. 5. Cpennemecsiunsie 3Hadenust AOT(500) Ha pocCHIICKHUX CPeTHEIIMPOTHBIX CTAHLUIX U ap-
krrueckoit ctaniuu Tuken cetn AERONET 3a 2000-2014 rr.

3nauenns AOT(500) na cranmusix AERONET, pacrnoyokeHHBIX B YMEPEHHBIX
mmporax Poccnm, cymecTBeHHO BbIlIe, 4eM B Apkruke. Ho 1 OoHM B OCHOBHOM He Tipe-
BeimatoT Benuuuny 0,4. [IpeBocxozsiiye 9ToT npeses 3Ha4eHus!, Kak IPaBHJIo, CBSI3aHbI C
9KCTPEMATLHBIMHU CUTYalUsIMUA — BBICOKMMH YPOBHSIMH 3aMYTHEHHSI aTMOC(HEpBI AbIMAMH
TopdsiHBIX 1 JecHbIX noxapoB (['opyakos u ap., 2011; Cakepun u ap., 2014; Chubarova
etal., 2011).

M3MEHYUBOCTDb AOT HAJI ATIAHTHYECKHUM U I0)KHBIM OKEAHAMHU

K HacrosimeMy BpeMeHM HaKOIUIEH 3HAYUTEIbHBINH 00BEM JAaHHBIX CHEKTPAaTIbHbBIX
COJTHEYHBIX (hoToMeTprudecknx HabmogeHnit AOT arMocdepsl, BEITOIHEHHBIX BO BPEMs
peiicoB HOC «Axanemuk ®@emopos» u3 Cankr-IlerepOypra k AHTapKTHIE M 00paTHO 32
20052015 rr.

Ha puc. 6 HaHeceHbI cpeiHue 3a ASHb 3HAUYCHHSI a3PO30JIBHOMN ONITHYECKON TOIITITHBI
Ha jrHe BoiHbl 500 HM s xaxkgoro u3 10 peiicoB HOC «Akagemuk @emopoBy.
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Puc. 6. CpenuenneBnbie 3Hauenus AOT Ha junne Bostabl 500 HM B iepuossl pericoB HOC «AkaneMuk
®Denopos» B AmiianTiHueckoM U FOKHOM OKkeaHax.
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Tabnuya 3

Cpennue 3Hadenust AOT armocdeps! Ha 11uHe BOTHBI 500 HM
U UX CPeTHeKBaApaTHYeCKHe OTKIOHEHHSs
B Pa3IMYHBIX HIHPOTHBIX 30HAX aKBaTOpUil AT1anTH4eckoro n FO:kHOro okeanon
no pesyabraram Habaonenuii Ha HIC «Akagemuk ®@egopos» B 2005-2015 rr.

[HupotHast 30Ha AOT(500) £ CKO
40-60° c.m. 0,106+0,068
20-40° c.m 0,124+0,079
0-20° c.m. 0,299+0,124
0-20° ro.111. 0,143+0,124
20-40° ro.m1. 0,084+0,038
40-60° ro.11. 0,055+0,023
[puanrapkrudeckas 100-MuibHast 30Ha 0,026+0,014

Bopiras m13MEHYMBOCTH a9P030JIbHON ONTHYECKOH TOJIIMHEI B yMEPEHHBIX MIUPOTaxX
CeBepHOTO NONTyIIapHs ONPEAEISETCS BEBIHOCOM IIPHIMECEH Ha aKBaTOPHIO OKEeaHa C TeppH-
topuu EBporsl. B 06macti ATnantudeckoro okeana, mpoctupatomierics ot 22 mo 10° c.ur. u
110 40° 3.11. ¥ Ha3BIBAEMOM «MOPEM MPAKay, IPAKTUUECKH ITOCTOSTHHO OIIYIIACTCS IBUICBOH
BeIHOC 13 Adpuku (bapreresa u np., 1991).

B Tabm. 3 mpuBenens! cpeaaue it 20-TparyCHBIX IUPOTHBIX MOsICOB U B 100-Mtb-
HOM 30He BOJIIM3U AHTapKTHIbI 3HAYECHHS a3PO30IbHON ONTHYECKON TOJIINHBI aTMOC(HEPHI
Ha juyinHe BojHbl 500 HM U UX CTaHJapTHBIE OTKIIOHEHUSL.

U3 puc. 6 u Tabm. 3 cnemyert, 4To HANOOIBIIIEe a3PO30IbHOE 3aMyTHEHHIE aTMOC(hHEpHI
Habromaercs B 30He oT 0 10 20° c.m1. B aTom nosice cpennenneBHbie 3Ha4eHns AOT s
A =500 aM moryT mpeBocxoauTh BemmauHy 0,5 1 naxke 0,6. CTodbh BEICOKHE 3HAUCHHUS,
Kak YK€ yITOMHHAJIOCh, OIPEIEISIOTCS BHIHOCAMHU a3pPO30JIsl U3 MyCThIHb a()pPUKAHCKOTO
KOHTHHEHTA U TIOJHOCTHIO COINIACYIOTCSI C IaHHBIMU, IpuBeeHHbIME B (bapTenesa u ap.,
1991; Smirnov et al., 2009). B mmpotHoit 30HE 0T 0 10 20° 10.111. M3MeHIHBOCTH (CKO)
TaKas ke, Kak M B IUPOTHOM Tosice 0—20° c.I1., HO cpeiHue 3Ha4eHUs B 2 pa3a MEHBIIIE.

B mmpotabix moscax 20-40° u 40-60° o6oux momymapuii Bemnanael AOT MeHsbIIe,
YeM B COCEIHHMX MPHUIKBATOPHANIBHBIX M0sicax, HO B CeBEpHOM IOJIyIIAPUU OHH 3aMETHO
TIPEBBIIIAIOT AHAJIOTUYHBIE 3HaYeHNs B FOkHOM momymapum.

[Tpn ynanenun oT aprMKaHCKOTO KOHTHHEHTA U IPUOIKEHUH K AHTapKTHIE adpo-
30JIbHOE 3aMyTHEHHE aTMOC(epbl yMEHBIIAETCS B HECKOJIBKO pa3.

CaMoe HH3KOE a’p0O30JIbHOE 3arpsi3HeHHe aTMochepsl HaOmomaeTcss B MpHaHTap-
krugeckux Bomax (AOT = 0,026+0,014). DTo yxe BENWYHHBI, H3MEPEHHBIE Y OEeperon
AHTapKTH/IBL, T/I€ TPAKTUUECKH OTCYTCTBYET BIMSHHE aHTPOIIOTCHHBIX MCTOYHUKOB 3a-
IPSI3HEHUS U BEJIMYMHA a3PO30JIbHOTO OCIA0ICHNsI COTHEUHON paguallii ONpenesieTcs
MIPEUMYILECTBEHHO COAEPKaHNEM a3PO30JIs1 MOPCKOTO ITPOHCXOXKICHUSI.

BBIBO/IbI

C nayana 1970-x . n o 2014 r. kak Ha cTaHIUSIX (POHOBOTO MOHUTOPHHTA, TaK M HA
ApPKTUYECKHUX CTAaHIMAX U B AHTApKTHUJIE IPOCIEKUBAETCS TeHAEHIMs K cHkeHuto MOT,
T.€. K pOCTy npo3pauHocTu armocdepsl. Ha (hoHe 3Toi TeHIeHIINY CYI1IeCTBEHHBIE «BCILIE-
cku» MOT Bo Bcex paccMaTpuBaeMbIX perHoHax ObUIM 00YCIIOBICHBI BAMSHUEM KPYITHBIX
BYJIKaHMYECKUX WM3BEPXKEHUH, MPOSBIABIINXCA Ha NMPOTsLKeHUH 2-3 jeT. B pesynsrare
camMoo4HIIeHHs: arMocdepsl rocie u3BepkeHus ByikaHoB [Innarybo n XasicoH, a Takxe

12



CYILIECTBEHHOTO YMEHBIICHHS IPOMBIIUICHHBIX BEIOPOCOB Ha TeppuTopnu ObiBiero CCCP,
K cepeanne 1990-x rT. nHTErpaibHas IPO3pavHOCTh aTMOC(EpHI Haf TeppuTopuei Poccun
TTOBBICHJIACH HACTOJIBKO, YTO 3HAYCHUsI HOpMUPOBaHHBIX aHoManmnii MOT nepemm B 06-
JIaCTh OTPUIATEIbHBIX 3HaYeHNH. HanbonpIme mo abcomoTHO BETMYMHE OTPHLIATEIIBHbIE
3HAYCHUS HAOIOMAINCh Ha PAa3HBIX CTaHIUIX B 1997-2001 rr.

Cpennue 3a nepro/] HaOIOIEHUH YPOBHH HHTETPAJILHOTO 3aMyTHEHNS aTMoc(epsl (3a
CUET a’pO30JILHON COCTABIISIONICH M BOJSTHOTO T1apa) Ha POCCHHCKHUX (DOHOBBIX CTAHIIUIX
CPeHUX IIUPOT M Ha apKTHYECKUX CTAHIMIX OJM3KH MEXTy cOOOH, cpeaHeMeCSIHbIe
snayenust MOT < 0,35. B Antapkruae 3t 3HadyeHust menee 0,2.

CoOCTBEHHO YPOBHH a3p030JILHOTO 3arpsi3HeHNS B APKTHKE M AHTApKTHKE pa3iinya-
FOTCs TOpasio cmwibHee, yeM BenmauHbl OT: cpennue mecsunbie 3HaueHus AOT(500) B
Apxruke He npesbiuatoT 0,2, a B Atapkruae — 0,05; uX cpeaHne MHOTOJIETHIE 3HAYEHUS
3a Bce nepuoabl Habmronernii B 20002014 rr. — 0,1 u 0,02 cooTBETCTBEHHO.

Ha xontunenransabix cranumsx AERONET, naxonsiuxcs Ha Tepputopun Pocenn, 3Ha-
yernst AOT (500) cymiecTBEHHO MPEBBIIAIOT TAKOBBIE B APKTHKE, 0COOCHHO B JIETHHH NEPHOT.

Hap akBaropueit ATimantndeckoro okeana 3HadeHust AOT(500) MeHsIHMCh B IIMPOKUX
rpezienax Kak B 3aBUCHMOCTH OT IIMPOTHI, TAK M OT roja K roxy. 3uadenust AOT(500) >
0,45 xapakTepHBI JUIS ITUPOTHBIX 30H B ATJIAHTHKE, I7Ie HAOIIOAI0TCSI BHIHOCHI a3P030JIst
U3 IyCThIHb a()PUKAHCKOTO KOHTHHEHTA.

CHuxeHHe ypoBHS a3p0O30JIbHOTO 3aMYyTHEHHS K CEBEPY U K IOTY OT 9TOM 30HBI MO-
BBIIICHHOI'O 3aMYTHEHHS IIPOUCXOAUT HEPABHOMEPHO. B «3epKanbHBIX)» OTHOCUTEIBHO
9KBaTOpa IUPOTHHIX Mosicax cpenune 3HaueHnss AOT(500) B CeBepHOM IONTyIIapuu 3Ha-
YUTEIBHO NMPEBOCXOAAT aHaIoruuHble 3HadeHus B IOxxHoM monymapuu. Ilo-Buaumomy,
OCHOBHOMW MPUYMHOH 3TOTO SBISIETCS MpeobiIajaHue IIOMAAN CYIIN U POMBIIIIICHHBIX
UCTOYHUKOB 3arpsi3HeHui B CeBEpHOM MONIyIIApUU U, COOTBETCTBEHHO, YBEINYEHHBIN
BBIHOC B aTMOc(epy HaJl OKEaHOM a’p0O30JIeH eCTECTBEHHOTO U aHTPOIIOTCHHOTO TIPONUC-
XOJKIEHUS C KOHTUHEHTOB.

MuHUMaIbHBIC 3HAYEHHS a3PO30JIbHON ONTHYECKOH TOJNIIMHBI aTMOC(eps! 3a Bce
10 et m3mepeHuit Ha cynax HaONIOTANNCH B HEMOCPEICTBEHHOW OIM30CTH OT Oeperos
Anrtapkruasl (AOT(500) <0,02) n ABISIOTCS OTHUMH U3 CaMbIX HU3KHX HA 36MHOM IlIape.
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E.N. RUSINA, VF. RADIONOV, E.E. SIBIR

MONITORING OF THE AEROSOL COMPONENT IN THE ATMOSPHERE
AT MIDDLE AND HIGH LATITUDES AND OVER THE WORLD OCEAN

The article analyzes the observation data for the total optical thickness of the atmosphere
at mid-latitude stations of the background air pollution monitoring on the territory of the Russian
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Federation for more than 40 years. The obtained results are compared with similar results in Northern
and Southern Polar regions.

The data of direct spectral observations of the aerosol optical thickness at the AERONET stations
located in high and middle latitudes, as well as the spectral observational data over the Atlantic and
Southern oceans collected during the voyages of research vessels to Antarctic and back, have been also
drawn to the consideration. The analysis of observational data collected in such diverse conditions,
allows evaluating the specificity and dynamics of aerosol pollution in various regions of the planet.

Keywords: total optical depth, aerosol optical depth, background air pollution monitoring, high
and middle latitudes, Arctic, Antarctica, World Ocean.
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