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[IpoBeneH aHamM3 KMCIOTHOCTHA OCAAKOB IIO pacdyeTaM CO cxeMoii cepHoro 1mukia arMmochepsr ChAP-1.0
(Chemistry and Aerosol Processes), pazpaboraHHOI Wit Momelieii 3eMHOM CHCTEMBI IIPOMEXKYTOUYHOM
cinoxaocty (M3 CIIC), ipu 3amaHnM CpeaTHEMECIIHBIX aHTPOIIOT€HHBIX SMUCCHIA MMOKCHIA CEPhI B aTMO-
cdhepy B 1850—2000 rr. mo manubeiM nipoekta CMIPS (Coupled Models Intercomparison Project, phase 5),
a MoJieii METEOPOJIOTMIECKUX MIEPEMEHHBIX — IO MHOTOJIETHUM CPEIHUM (C yIETOM TOA0BOTO XO/Ia) MaH-
HbIM peaHanu3a ERA-Interim nis 1979—2015 rr. BeissBneHo, 4To 3HaUMMasi KUCJIOTHOCTh OCaIKOB (MUHU-
MajibHOE pH TUAPOMETEOpPOB) XapaKTepHa /JIsi PETMOHOB C BHICOKOW MHTEHCUBHOCTBIO aHTPOITOTEHHBIX
SMUCCUI COeMMHEHNI cepbl B aTMocdepy — EBpoITbl, 10r0-BOCTOYHOM A3un, BocToka CeBepHOit AMepH-
K, 1ora Abpuku u 3anaga KOxxaoit AMepuku. B aTux permoHax B mociienHue AecaTriaeTrs XX BeKa TUITNY -
Hble 3HaYeHUsI pH 0CaaKOB COCTABISIOT OT 2.5 10 3.5, UTO XOPOIIIO COIIaCyeTCsI C UMEIOIIMMUCS JaHHBIMU
nsMepeHuit. MakcumanbHasi KUCJIOTHOCTb OCaaKOB (MUMHUMaIbHOE 3HaUeHre pH TUIpOMETEOPOB, OJIN3-
KO€ K 2) 13-3a aHTPOTIOTEHHBIX COENMMHEHI cepbl OTMeYeHa Ha BOCTOKE CPEIM3eMHOMOPCKOTO PETMOHA.
IlepeHoc B mpuMeceit aTMocdepe TPUBOIMUT K TOMY, UTO B MOCIENHUE aecaTuiaeTrs XX BeKa peTMOHBI ¢
pH < 3.5 oxBaThIBalOT NpakTMuecku Bcio EBpasuio. BausHue aToro nepeHoca Takxke 3aMeTHO U B IPYTUX
peruoHax cpegHux mupoT — Ha 1ore CeBepHoit AMepuKH 1 Ha 3amnane OxHoit AMepuku. B 1ienom, nc-
nosib3oBaHue cxema ChAP uenecoo6pasHo niss M3CITC, Ho riociie 1opaboTKM ¢ yUeTOM BJIMSTHUS OCaIKOB
pPa3HOTO TUTIA Ha BJIAaXHOE OCaXKAeHNWE COeMMHEHMI cepbl U3 aTMOchephl M yueTa BIUSIHUS oporpadu Ha

repeHoc IpuMeceii B atMmocdepe.

KitroueBble cioBa: KT CEphI, Cy.]'[b(baTbI, JUOKCUI CEPbl, OCAAKHN, KUCIIOTHOCTb, MOACIN ]'[pOMe)KyTO‘-IHOﬁ

CJIIOKHOCTH

DOI: 10.31857/50002351523010030, EDN: DMKUYF

1. BBEAEHUE

OnHoI1 U3 COCTaBJISIOIIMX AHTPOIMOTEHHOIO BO3-
JIeCcTBUSI Ha 3eMHYIO CUCTEMY SIBJISIIOTCSI OMUCCUU
coenrHeHMI cepbl B atMocdepy. OCHOBHOIT BKJIad B
3THU SMUCCUH OOYCIJIOBJICH BEIOpOCAMM TUOKCHIA CE-
pol [1-3]. B armMocdepe 3TOT ra3 OKMCISIETCS OO
cylIb(haTHBIX a3p0o30Jieii (OTMETUM TaKXKe, YTO YaCTh
AHTPOITOT€HHBIX CYJIb(hATOB SIBISIOTCS MEPBUYHBIMU
a’po30JIsSIMU), KOTOPbI€ 3aTEM BBIBOASTCS U3 aTMO-
cepbl BIIaXHBIM U CyXMM ocaxiaeHueM. BiaxHoe
ocaxaeHue (BbIMbIBaHUE aTMOC(hEPHBIMU TUAPOME-
TeopaMu), B CBOIO ouepe/ib, IPUBOIUT K GOPMUPOBa-
HMIO KHCIBIX OCaIKOB.

Takue ocanku camMu 110 cebe SIBJISIIOTCS HexXena-
TeJIbHBIM TIPUPOOHBIM SIBJIEHUMEM. B yacTHOCTH, OHU
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MIPUBOAST K YBEJIMYECHUIO KUCJIIOTHOCTU BOTHBIX O0b-
eKTOB cymm (03ep, peK, u T.O.) [4—7], 3aKUCIIEHUIO
MOYB C JAerpagalueit pacTuTeIbHOCTH [8, 9] 1 Koppo-
3UU CTAJIbHBIX KOHCTPYKLMii [3]. OTMeTUM, 4TO yBe-
JIMYeHNE KUCIOTHOCTU BOAHBIX OOBEKTOB CYIIIU U 3a-
KMCJIEHUE TTIOYB MOXET MPOUCXOANTh TAKXKE U TIPU Cy-
XOM OCaXXACHUU CYJIb(aToOB U TUOKCHUAA CEPHI 32 CYET
MX TIOIJIOLLIEHUS PEYHOM WJIM O3EPHOI BOAOM UJIU BJ1a-
TOii MOYBHI C MTOCIEAYIOIINM BKIIOUEHUEM B LIETIOUKY
Xunakoga3HBIX peaklnii cepHoro uukia [3, 8].

TpamguIIMOHHO XapaKTePUCTUKOW KUCIOTHOCTH
ocaKoB sBsieTcsa pH . B cooTBeTCTBUM C onpenesie-
HUEeM MeXIyHapogHOTO COl03a TEOPETUUECKON U
npukinagHoit xumumn (The International Union of
Pure and Applied Chemistry, [IUPAC) sTa Ben1uunHa
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ompeaeasieTcss Yepe3 aKTUBHOCTh CBOOOIHBIX NOHOB
BOIIOPOJIA B OCAIKaX a,. [10]:

m +Y +
pH = —IOgloaH+ = _10g]0Ms (1)

*

Iae m,. — MOJISTIBHOCTb HOHOB BOLOPO/IA B OCaKaX,
Yy — KO3 ULMEHT aKTUBHOCTH HOHOB BOZLOPOZA,

m, =1 MoJb/Kr. [ljist cabeIX pacTBOpoB Y, — 1, B

cBs3u ¢ yeM B ((1)) ucronb3yeTcsi Tak Ha3blBaeMoe
MpUOIMXeHUe CBOOOIHOro Bogopoaa [6, 7]:

pH; = —log,, (mHJ,/m*)- 2)

M3mepeHns1 KMCIOTHOCTU OCAIKOB HOCTATOYHO
peaKu. DTO CBSI3aHO, B YaCTHOCTH, C 3aTPYIHEHUSIMU
BBIACJICHUS PA3JIMUYHBIX XUMUYECKUX BEIIECTB, BIUSI-
IOIIMX Ha KUCIIOTHOCTh 0cankoB [6, 11]. CuctemaTu-
YeCKM M3MEPEHUST MPOBOISITCS HAa HECKOJIbKHUX JIe-
CSITKaX M3MEPUTEIbHBIX CTAaHILUNA Haa cylieil (cM.
puc. 15 u3 [6]). Tunmmmaable 3HaUYeHUS pH COCTaBIIs-
10T OT 3 10 6, a B psifie peTMOHOB — Aaxke oT 2 10 3 [6].

Tem He MeHee, KUCITIOTHOCTb OCaAKOB MOXKET CJIy-
XKUTb U JOTIOJTHUTEIbHBIM HHCTPYMEHTOM [IJISI BEpU-
dukanmm Moaeseit XMMUIECKUX MPOIIECCOB B aTMO-
cdepe. B nanHoIi pabote Takast Bepu@uKaLus IpoBo-
JIUTCS TSI CXeMbl BBIMMCICHUSI COSOUHEHWI CEephl B
tponocepe ChAP-1.0 (Chemistry and Aerosol Pro-
cesses), pa3paboTaHHOIT aBTOpaMU JTaHHOI CTaTbU.

2. CXEMA BbIYMCIIEHWA COOEPXKAHMA
COEIVMHEHUWUN CEPbl B ATMOC®EPE

IMonpo6Hoe onucanmne cxembl ChAP-1.0 mpuBe-
neHo B [12]. Ona pa3paboTaHa mjisa Mojelieii 3eMHOIM
cUcTeMbl MpoMeKyTouHo cyioxkHocTh (M3CIIC) [13]
1 TIO3BOJISIET BEIYUCIISITH XapaKTePUCTUKH ITUKJIIA Ce-
poI B Tponiocepe. OCHOBHBIMU TIPEANOJOXKESHUSIMUA
CXEMBI SIBJISIIOTCSI:

* BEepTUKaJIbHbBIC IPOPUIIN COCTMHEHNN X CEPhI B
Tponocepbl SKCHOHEeHLIMAIbHBI [2, 14, 15] ¢ MacIiTa-

GoM BBICOTHI H y ; 1ist iMokeunaa cepbl Hgo, = 1.2 kM,
amist cynbdatoB Hgg, = 1.8 KM ;
* HecTallMOHapHBIE CaraeMble B ypaBHEHUSIX Oa-

JlaHCa HE YYUTBIBAIOTCS (PTO CBSI3aHO C TUITMYHON
dopmynuposkoit M3CIIC);

* BCE XMMUYECKUE PEAKIINU MOTUUHSIIOTCSI KUHE-
TUKe TiepBoro mnopsaka [1—3]; razodasHbie peakiuu
okucneHus1 SO, He yYUTBIBAIOTCS; KOHCTAHTBI CKOPO-
ctu reTepoda3Horo (BHyTpHUOOJIAYHOIO) OKMCIICHUS
3aBUCST OT TEMIIEpATypbl HUXKHEN Tpornochepbl U OT
JIOJTV TTIOKPBITUSI MOJEJIbHOM STUeiiK1 001aKaMU;

* BJIAXXHOE OCAXKAECHUE YUYUTBIBAECTCS TOJBKO JJTISI
cynabdaroB, cyxoe ocaxaeHue — u 1js1 SO,, U nas
SO, ; MYHTEHCUBHOCTb 000UX MPOLECCOB IPOIMOPLIMO-
HaJIbHa CONEPKAHUIO COOTBETCTBYIOIIETO BEIIECTBA
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B aTMocCpepe; JJIA BJIA2KHOTO OCa’kKACHUA KOHCTaHTa
MMPOITIOPIMNOHAJIBHOCTU 3aBUCHUT OT TEMIICpATypPhbl
HUXXHEH TpOHOC(I)CpI)I " OT KOJINYECTBA OCaaKOB.

» coBpemeHHas1 Bepcus cxeMbl ChAP-1.0 yauTbi-
BaeT TOJILKO aHTPOIIOTEHHYIO YacTh aTMOC(HEPHOTO
LIMKJIA CEPHI (ITO UCKITIOUAET, HarIpuMmep, GOpMUPO-
BaHUE OUOKCUIA Cephl U3 JUMETWICYIb(pUIa U Kap-
OOHWI-CYNIbGUIA).

Pacuetsl co cxeMoit ObLIM BBITIOJHEHBI TIPU 3a1a-
HUM CpEeTHEMECSIYHBIX AaHTPOIOTEHHBIX SMUCCHUM T -
okcuaa cepsl B atMocdepy B 1850—2000 rr. (B BUIe
BPEMEHHBIX CPE30B C 11arom 1o BpemeHu 10 jiet) mo
manaeiM CMIP5 (Coupled Models Intercomparison
Project, phase 5) [16], a moJeit MEeTeOpOJIOTUUECKUX
MepeMeHHbIX (TeMIiepaTypa, OCajaKu, BeTep, Koarude-
CTBO O0JIAKOB) — MO MHOTOJIETHUM CPEIHUM (C yde-
TOM TOIOBOTO X0/4a) TaHHBIM peaHanmm3a ERA-Inter-
im [17] nnst 1979—2015 rr. HeyyeT MexxroaoBoii 1 60-
Jiee OONTONEPUOOHON M3MEHUYMBOCTU TPUBOAUT K
HUCKJTIIOUEHUIO 0OpaTHOM CBSA3M MeEXAY KJIMMaToM U
CEepHBIM LIMKJIOM aTMocdepbl. OIHAKO 3TOT MOAXO
MoI00EH MCIOJIb30BAHHOMY TIPU MOATOTOBKE TTOJIeit
WHTEHCUBHOCTU AHTPOMNOTIEHHBIX M €CTCCTBEHHBIX
SMUCCUI COeMUHEHMIA cephbl B ipoekTe CMIP5 [16],
B CBSI3M C Ye€M OH HUCITOJIB3yeTCsI U B JaHHOIT paboTe.
Bce BeIumnciieHUs IPOBOAMIMCH HA BEIYUCIUTEIBHOMN
cetke ¢ maroM 4.5° o mupore 1 6.0° 1o 10JroTe, YTO
COOTBETCTBYET CETKE MOJEIN 3eMHOM cucTeMbl YH-
ctutyta ¢usukn armMocdepsl mM. A.M. OOyxoBa
Poccuiickoit Akagemun Hayk [18, 19].

OtMmeTuM, uTo B gaHHBIX CMIPS5 mocTymHo Takke
TMOJTHOE cofepKaHre CyIb(aToB Ha SAMHUILY TIIOIIA -
M (Takke ToJlydeHHOe 0e3 yueTa oOpaTHBIX CBsI3eit
IIPA MEXKTOHOBBLIX U 0OOJIee IOJTONECPUOMHBIX U3Me-
HEHMIA KJIMMaTa), YTO ITO3BOJISIET IPOBECTHU Beprudu-
kauuio cxembsl ChAP [12].

3. BbBIHMCIIEHUE pH OCAJIKOB

T.x. B ucnonb3zoBanHoii Bepcuu ChAP pH ocan-
KOB HE BBIUMCJIISICTCS, TO B JAHHOI paboTe MCITOIb30-
BaHa CJIeIyIoNIasl cxeMa BBIYMCIICHUS JTaHHOM Iiepe-
MEHHOIA.

HpI/I MHTCHCUBHOCTH BJIA2KHOT'O OCaKICHUA CYJIb-

¢bar-noHoB  Dsq o COOTBETCTBYIOLIMIA MOJISIPHBIN
MOTOK CEPbl Ha TOBEPXHOCTD

D we
Mo, = Z50wet | (3)

rae g = 32 % 107 Kkr/Monp — MoJNsIpHas Macca ce-
pbl. [Ipu KonuyecTBe 0caikoB P U B IPENNONOXe-
HUU OOMUHUPOBAHUS CylIb(haT-UOHOB OT CEpHOU
KMUCJIOTbl 3TO MPUBOAUT K TUTPALIMOHHOM KOHILIEH-
Tpauu (MOJIb/JI)

M.

[H,S0,], =107 xﬁ. 4)
S

Ne 1
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ITpu nonagaHuu B BOAy cepHasi KMCI0OTa y4acTBY-
€T B LIENOYKE peaKInii

H,SO, = H' + HSO,,

HSO, = H" +S0;".
Kak npaBuiio, OCHOBHYIO pOJIb IIEPBast peakuys Le-
nu (5) ¢ KOHCTaHTOil auccoumaunu Ky go, = 1X

(%)

x10° monb/n [3]. Kak cneactsue,

Q)

rne [H,SO,] — KoHueHTpauusi HeaUCCOLMUPOBaH-
Hoit cepHoOi KUCToThl. C y4eTOM 3aKOHA COXpaHEHMUS
MAacChI CEphI

[HSO; |+[H,80,] = [H,S0,], .

[ asor] -

= Kyso, [sto4]T — Ky 50, [HSOZJ.

[H+J[HSO4’] = Ko, [H:SO,],

(7

nMEEM

®)

ITockonbKy B mpeHeOpeXeHUH BTOPOI peakIneit 1e-
nu (5) U3 ypaBHEHUS IIepPBOI peaKlMK TOi Ke LIeIn

CJIEOYET, YTO
[ = 1oz,
TO

[H'T + Kiys0,[H ]~ Kiso, [H;50,], = 0. (10)

EnuHCTBEHHBIM ITOJIOXUTEIBHBIM KOPHEM IIOCJIEI-
HETO YpaBHCHMUSA CIIY>KUT

[H+] _ \/Kkzhso4 +4Kﬂzso4[HzSO4]T — Ky,s0,
N 2 '

= %(\/1 +4[H,S0,]/Ky 0, = 1)'

BBuny camomuccoumaniii BOAbI, TPUBOASMIIEH K
¢oHoBomy 3Hauenuto pH, = 7 [3], k pewenuto (12)
JIO0ABIISIZIOCH COOTBETCTBYIOIIEE 3HAUEHUE KOHIICH-

©)

= (11)

(12)

+
Tpaly MOHOB BOJOpoOAa [H JO, TaK 4TO ITOJTHAST KOH-
LIEHTpaLUs

[H|=[H"] +[H"] . (13)
N 0

KucnotHocTh ocankoB pH nanee BbIYMCISIACH
o popmyne (2).

ITocTaHOBKA YMCIIEHHBIX 9KCIIEPUMEHTOB B daH-
HoOIi paboTe C 3aJJaHUEeM METeOPOJOTrMYeCKUX ToJieit
B BUJIE CPEOIHUX MHOTOJIETHUX 3HAUYCHUI NCKII09aeT
BIWSTHME M3MEHEHUI KJIMMaTa Ha XapaKTepPUCTUKU
3aKUCJIEHHOCTU 0caakoB. OCHOBHBIM 3(hheKTOM Ta-
KOTO BJIMSIHUS SIBJISIETCSI 3aBUCUMOCTD 3(P(hEKTUBHO-
CTU BBIBEICHUS Cylb(haToB U3 atMochephl OT THUIIA

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA
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0CaJIKOB, TaK YTO Ha €IUHMILY Macchl BbliMajawlieit
BJIaT' UHTEHCUBHOCTb BBIBEAECHMSI YMEHBIIIAETCS OT
KPYMHOMACIITAOHBIX XXUJIKHUX OCAAKOB K KOHBEKTUB-
HbIM U, JOajiee, K KPYIMHOMACIITaOHBIM TBEPIbIM
ocankam [20, 21]. g rmpocTeiiniero yyera JaHHOTO
a(pdekTa, HapsAy ¢ 6a30BBIMU pacuyeTaMu, IIPOBEEC-
HbI pacyeTbl C MCKJIIOYEHHMEM OCAaJKOB B MECSIIbl C

%(Tsso + Tio00) < 0°C, e Tysp 1 Tjgp — TEMIEpaTypa
Ha n3zobapuyeckux ypoBHsix 850 1 1000 rITa cooTBer-
crBeHHO. [Ipy 3TOM MCKIIOYAIOTCS OCAaIKU B BUIE
cHera. CJienyeT OTMETUTD, YTO TAaKOM IMOIXO HE IIPO-
TUBOpPEUUT OajaHCy MacCChl cepbl B aTMOc(depe, Boc-
npousBoaumomy ChAP — npu 3ToM IPOCTO B permuo-
Hax 1 B MECSIIBI C TBEPAbIMU OCAAKaMU COSANMHEHUS
cepbl BBIBOASITCS U3 aTMOC@EphI 32 CYET CyXOro oca-
XKIEHUS, U BpeMs XKU3HU COCTMHEHUI cephbl B aTMO-
chepe yBemmuuBaeTcsi. OTHAKO M B 9TOM cJIy4dae Ipu
OTKaIuOpoBaHHOM B [12] 3HaueHUM KoahdULTUEHTA
s cyxoro BbiBeneHust SO, He mpesbllaeT 1 mec.
TakuMm o6pa3zoM, Ha CE30HHOM MaclITade BpeMEeHU
(KOTOpBIM U aHAJIU3UPYETCS B JAHHOM CTaThe, CM.
HMXKe) OajlaHC MacChl cepbl B aTMocdepe He Hapy-
[IaeTcs.

4. PESVJIBTATDI

4.1. Codepxcanue 6 mponocgepe
u unmencuerocmy ocaxcoenus SO, u SO,

Pesynbratsl pacueroB cogepxanusi SO, u SO, B
Tponocdepe, a TaKxKe MTHTEHCUBHOCTD NX OCaXKASHUS
noapoOHO TpencTasieHbl B [12]. OgHako B JaHHOM
paboTe 11esIecoobpa3HO KpaTKO WX BOCIIPOM3BECTH
JUIST TIOJTHOTBI M yIOOCTBA MHTEPIIPETALlMU Pe3yJibTa-
TOB OLIEHKU 3aKNCJIEHHOCTU OCaaKOB.

Ilomo6HO pe3yiabTaTaM pacyeToB C IPYTUMU MO-

JeJISIMU, T1006aJIbHO OKOJIO MOJIOBUHBI 3MUccuit SO,
B aTMocdepy IIpeBpamiaeTcs B cyab@darsl, a BTopas
IMOJIOBMHA OcaXK1aeTcs Ha moBepXxHocTh 3emiu. Conep-
JKaHWe aHTPOMOTeHHOTO AUOKCHIA Cephl B aTMocdepe
YBEJIMYMBAETCS OT HYJIEBOTO (IT0 MOCTPOEHMIO) 3HAYe-
Hug B 1850 . 1o =0.2 TrS B 1970—1990 1T., a 3aTteMm
yMeHbIaercs 10 0.16 TrS k 2000 r. [Tpu aToM Macca
AHTPOITOTEHHBIX CY/Ib(aToB B aTMOcdepe yBeIMurBa-
ercst oT HyseBoro B 1850 . = 0.4 TrS B 1970—1990 rT.,
a 3areM yMeHbInaercs 10 0.32 TrS k 2000 r. Otu 3Ha-
YeHHUsI B LIEJIOM COOTBETCTBYIOT ouleHKamM CMIPS.
Hnst cynbaToB B MOAEIM OCHOBHYIO POJib (OKOJIO
85%) urpaeT BIaXXHOE OCaXXICHHUE, YTO B LIEJIOM CO-
[JIacyeTCsl ¢ OLEHKAMHU IO OPYTMM CXeMaM CEPHOTO
nukia atMocdepsl [22]. BpeMs HaxoXneHUsT TUOK-
cuna cepsl (cyibdaToB) B atMochepe B ChAP 6/113Ko
K 1 cyT., a cynbaToB — K 5 CYyT., YTO TaKKe COIIacy-
eTCs C pe3yabTaTaMi PacyeTOB C IPYTUMU CXeMaMU
muKiaa cepbl B atMocdepe (cM. [23] u Ttaba. 5.5 us
[24]). ImoGanbHasT UHTEHCUBHOCTD BJIAXKHOTO M CY-
XOTO OCaXIIEHHSI aHTPOITOTeHHBIX COeIMHEHU cepbl
Ne 1
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Iupora
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Puc. 1. Bnaxnoe ocaxaenue SOy (MrS M2 ronfl) 11t 2000 1. o pacueram co cxemoit ChAP (a; yauTbiBaeTCst TOJIBKO BJlaXK-
Hoe ocaxnaeHue SO,4) U 1o pesynbrataM npoekra ACCMIP [25] (6).

u3 aTMocepbl Ha MOBEPXHOCTh 3eMJIM (C TIPUMEPHO
pPaBHBIM APYT IPYTY BKJIAIOM 3TUX TUTIOB OCAXKICHUS

B nojiHoe ocaxnaeHue SOy) XOPOLIO COIIACYEeTCsl
maHnHbIMU ACCMIP (Atmospheric Chemistry and
Climate Model Intercomparison Project) [25], B KO-
TOPOM TaKXKe He YUUTHIBAIOCH BIMSTHIE MEKTOIOBBIX
u GoJjiee MOJITONIePUOAHBIX U3MEHEHMI KJIuMara Ha
BOCIIPOU3BEJICHNE COASPXKAHUSI XUMMWYECKUX Be-
ILIECTB B aTMocdepe.

PervonanbHble 3HAUSHUSI COASPKAHUSI U aHTPO-
noreHHoro SO,, u auTponoreHHoro SO, xapakTepu-
3yI0TCSI MaKCUMyMaM# B PeTrMOHAaX MaKCUMAaJIbLHOTO
3arpsi3HeHud. 1 mocneHuX OecaTHaeTHIE XX BeKa
10 EBpora, 1oro-soctouHast A3usi 1 Boctok CeBep-
HOM AMepuKHU. 31Iech COAepXKaHUE aHTPOIIOIeHHBIX
JAMOKCHJIA CePBI U CYNIb(ATOB (COOTBETCTBEHHO Byg,
u Bs, ) Ha enWHULY IUIOLIANW, Kak IpPaBuio,

22 MrS M_z, a 11 TOCJIEIHEN TepEeMEHHOM OHO na-
>Ke MpeBBIIAeT 5 MrS M (puc. 3 u 5-7 us [12]).

Kpowme toro, BropuiaHbie MAKCUMYMBbI By 1 By, OT-
MeueHBl Ha 1ore AGpUKU U B peruoHax Ha 3amajie
FOxxHoit AMepuku. [Ipu aTOM ce30HHBII X0 B, B
permoHax aHTPOIIOTEHHOIO 3arpsi3HeHUs1 aTMocde-
pbl COEAMHEHUSIMUA CEePhbl HE OYeHb BBIPAXKeH, YTO B
1enoM comtacyercs ¢ gaHabiMu CMIPS. OmHako 1o
pacueram ¢ ChAP By, B 9THX Xe pernoHax 3uMoii
3HAYUTEJbHO OOJIbIIE, YEeM JIETOM, UTO OTJINYAETCS
OT cooTBeTcTByloIIMX AaHHbIX CMIPS5. Cnenyer oT-
METUTh, YTO Jaxke 0e3 ydeTa €CTeCTBEHHBIX 3MUCCHUIA
COeNMHEHMI cepbl B aTMochepy cxeMa JO0CTaTOYHO XO-
POILLIO BOCTTPOM3BOAMT TI0 KpaliHell Mepe CpeaTHeroao-
Bble 3HAYCHUS Bso, B YKA3aHHBIX BBILIC PETUOHAX aH-
TPONOI€HHOIO 3arpsi3HeHsI aTMOC(hephl COSIMHEHUSI-
MU cepbl TT0 CpaBHEHUIO C JaHHBIMU peaHaim3a CAMS
(Copernicus Atmospheric Monitoring System) [26].

Ieorpaduyeckoe pacrpenesieHe TOIOBOTO TTOJ-
HOTO OCaKIEHUSI aHTPOITOTEHHBIX COSIMHEHMUI CEPhI

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

B IIEJIOM TTOOOOGHO TeorpaduyecKoMy pacrpenelie-
HUIO aHTPOITOTEHHBIX 3MUCCUU 3TOTO JIEMEHTA.

Jnsg nmocnengHux necatuyietTuii XX BeKa MOJHasK
MHTEHCUBHOCTb OCaXAeHWs (CymMMa WMHTEHCHBHO-
CTell BJIAXXHOTO U CYXOTO OCaXKIEHMsI) COCOMHEHUM

cepbl Dyp, B PerMOHAX COOTBETCTBYIOLIETO aHTPOIIO-
TEHHOTIO 3arpsi3HeHus atMocdepbl B CeBEpHOM I10-

Jyliapyuy TpeBbIaeT 2 MrS M ron”! (puc. 1).

[IpocTpaHcTBeHHOE pacmnpeneieHue ronoBoii Dy, B
cxeme ChAP Hag KOHTMHEHTAMM ITOTO0OHO TTOTydeH-
HoMmy B rmpoekte ACCMIP. TeM He MeHee, ITo cpaBHE-
Huio ¢ gaHHbIMU ACCMIP cxema ChAP 3aBbliaer
MHTEHCUBHOCTH BJIAXKHOTO OCaXKIECHUS U 3aHIKAET —
cyxoro. OgHako B EBporie comiacue mjisi BIaxKHOTO
OCaXIEHUS 3aMETHO YJIy4IIaeTcsl MPU HCIONb30Ba-
Hyuu naHHeIXx EMEP MSC-W (Meteorological Synthe-
sizing Centre—West of the European Monitoring and
Evaluation Programme) [27] 1 110 pacueTaM C MoIeIsi-
mu MOGUNTIA [28], IMAGES [29] u GISS [22].

4.2 Kucaomuocms ocadkoe

Vxe mis ycaoBuit 1850 1. aHTpomoOreHHbIE 3MUC-
CUU IMOKCUAA cepbl B aTMOchepy CIIOCOOHBI 3aMeT-
HO WU3MEHUTh KMCJIOTHOCTh OCaJIKOB OT (DOHOBOIO
3HayeHust pH, = 7 (puc. 2). B yactHoCcTH, B pa3Hble
ce30Hbl pH HaxoauTtcsl B uHTepBasie oT 4.2 10 5.4 B
permoHax HauoOoJjiee 3HAUYMTEIbHOIO 3arpsi3HEeHUs
COEIMHEHUSIMU Cepbl, TIpexie Bcero Han EBporioit.
Haub6osee 3HaunMa KMCIOTHOCTh OCAIKOB B JIETHUM
nepuoa. OTMETUM, YTO MOCJeIHee OTMEeUYaeTCs 1axe

C YYETOM OOIIEro 3aHMXeHUsT By, B 9TOT CE30H CXe-
moit ChAP. Kak ciencrBue, 3ddekT 3aKkuciaeHUS
0CaJIKOB COCTMHEHUSIMH CephI UIST YKa3aHHOTO Troaa
B PEaIbHOCTU MOXET OKaszaTbcsl Aaxe OoJiee Bbipa-
JKeHHBIM, YeM B HAIlIMX pacyeTax.

O61ee yBelMYeHHE WHTEHCUBHOCTU aHTPOIIO-
TeHHBIX SMUCCHI COEMMHEHMI Cephl B aTMOC(hepy Ha
Ne 1
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Puc. 2. pH ocankoB it SMUCCUIA COeAMHEHUI cepbl B aTMOcdepy, cooTBeTcTBYIoIMX 1850 T. B nekabpe-denpaie (a), mapre-

Mae (0), ntoHe-aBrycTe (B) U CEHTSIOpe-Hos6pe (T).

IpoTssKeHNH XX BeKa IMIPUBOAUT U K CYIIECTBEHHO-
MY YBEIWYEHUIO 3aKMCICHHOCTH OCAIKOB IS I10-
CIIEMHUX ACCITUJIETUI 3TOTro cToneTus (puc. 3 u 4).
IIpu 3TOM K €BpONeiiCKOMY perMOHY 3HAYUTETLHOMN
KHACJIIOTHOCTH OCaIIKOB HOOABIISIIOTCS W IPYTHE PeTv-
OHBI C BBICOKOIT MHTEHCHUBHOCTHIO aHTPOITOTEHHBIX
SMUCCHUN COeNMHEeHMIT cephl B aTMOChepy — I0TO-BO-
cTouHast A3usi, BocToK CeBepHoit AMepuKu, 10T Ad-
puky 1 3aman KOxHoit AMeprKH.

st 060MX BpEMEHHBIX CPE30B B 3TUX peruoHax
TUIIMYHbIE 3HaYeHus1 pH ocalKoB COCTaBJSIIOT OT
2.5. mo 3.5. DTu 3HAYEHUSI XOPOIIO COIVIACYIOTCS C
OpUBEICHHBIMU Ha puc. 15 U3 [6] Mg BpeMeHHBIX
nHTepBanoB 1986—1995 rr. u 1996—2005 rr. (cM. Tak-
xe puc. 20.8 u3 [1]). dns repputopun Poccum oHn
TakXe YIOBJIETBOPUTEJIbHO COMIACYIOTCS C TaHHBIMU
npsimbix HabmoaeHuit [30] 32 UCKIIIOYEHEM peruo-
HoB IloBoimkbsti M 3abaiikaibsi, TAe KHUCJIOTHOCTb
ocankoB B cxeme ChAP Bbille, yeM nmo JaHHbIM Ha-
omoaeHuii. MakcrMMaabHO 3aKMCIEHHbBIE OCaaKu (C
pH 6113KKUM K 2) B cCXeMOii BOCITPOU3BOISITCS HA BO-
CTOKE CPeM3eMHOMOPCKOTO peruoHa jietom. Creny-
€T OTMETUTD, UTO B 3TOM K€ PETMOHE OTMEUEHO U M-
HUMaJibHOe 3HaueHue pH < 2 mo cucTeMaTUYeCKUM
HaGmoneHusIM 1s1 1986—1995 1. OTO 3HAaYeHUE He
MIPOSIBJISIETCA IIJIsl OoJjiee TTO3AHETO BPEMEHHOTO MH-
tepBana 1996—2005 rr. Bce 3T0 B COBOKYITHOCTH yKa-
3bIBAeT Ha TO, UTO B KUCJIOTHBIE OCAIKU B JAHHOM pe-
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ruoHe okoyio 1990 r. mo KpaliHeii Mepe 4acTMYHO
CBSI3aHBI ¢ aTMOC(EPHBIM TIEPEHOCOM CYIb(aToOB U3
EBpornbl. Crnenyer oTMETUTD, YTO JaHHBIE pe3yJabTaT
cornacyercs ¢ [31], roe ObLI0 OTMEYEHO, YTO IIEPEHOC
BO3MYIIHBIX Macc Ha EBpomneicKylo TeppUTOPHUIO
Poccun u3 CpeauzeMHOMODPbSI COMPOBOXIACTCS
YBeJIMIeHNEM KUCITOTHOCTH OCAIKOB.

ATMochepHBbIil MeEpeHOC TakKe MPUBOAUT K TOMY,
YTO B TOCJieAHUE JecaTuneTusi XX BeKa PErMOHbI C
pH < 3.5 oxBaThIBalOT OOJIBIIYIO YacTh EBpasuu, 1or
CesepHoii AmMepuku u 3anan KOxHoit AMepuku. B
CeBepHOM MOoJIylIapuX KUCJIOTHOCTb OCaJIKOB JIETOM
0oJibllIe, YEM 3UMOIA. DTO B LIEJIOM COIIACYeTCsI C OT-
JIeJIbHBIMU U3MEPEHUSIMHU B psine peruoHos [3], [32].
Kpome Ttoro, smmoit KOxxHOTO moiymmapus cxema
TakxXe BOCHPOM3BOAUT MOJOOHYIO OOJIaCTh Ha Iore
AdpuKY 1 Hal pacoIOXKEHHON PSAOM YacThio AT-
JIAHTUKU. DTU pacyeThbl 3aTPYIHUTEIbHO CPABHUTD C
JaHHBIMU HAOJIIOICHU BBUIY OTCYTCTBUSI CUCTEMA-
TUYECKUX UBMEPEHUI KUCTIOTHOCTU OCaJKOB BHE pe-
TMOHOB C OOJIBIIIOM MHTEHCUBHOCTBIO aHTPOIIOTEeH-
HBIX SMUCCHUIA cepbl B aTMocdepy [6].

Crenyet OTMETUTD, UTO NIEPEHOC MpUMeceil B aT-
Mocdepe B UCITOJIb30BAHHOM B JaHHOI paboTe Bapu-
aHnte cxemMbl ChAP He yduThIBaeT BAUSHUE Oporpa-
¢un. [TocnegHee MOXET CIIY>KUTh OMHOU U3 MPUYNH
3aHIDKEHUST KHUCJIOTHOCTU ocankoB B [loBoinkbe u
3abaiikanbe. [1epBoIif 13 3TUX PETMOHOB ITOABEPKEH
Ne 1
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Puc. 3. [Togo6HO puc. 2, HO 1151 SMUCCUIA COEIUHEHUIT cepbl B aTMOcdepy, cooTBeTcTBYOIIMX 1990 1.

MPEVMYIIECTBEHHO BIMSHHIO €BPOITEICKOTO peruo-
Ha-NCTOYHWKA, HO OTIeJIeH OoT Hero Banmmaiickoii Bo3-
BBIIIEHHOCTBIO C BBICOTOI1 10 ripuMepHO 400 M. BricoTa
TOPHBIX IPsif, OTAESIONIMX BTOPOl permoH — 3abaii-
KaJibe — OT COOTBETCTBYIOLLIETO PETMOHA-UCTOYHUKA,
PacroiokeHHOTO B I0TO-BOCTOUHOI A3UM, elle BbI-
Ile M JOCTUTaeT HEeCKOJbKUX KUJIOMETpOB. Takum
o0pa3oM, comiacue MOACJbHBIX PACUETOB C TaHHBIX
MPSIMBIX HAOJIOASHWI B 3TUX peTMOHaX MOXET ObITh
YIIy4IlIeHO TIPU yueTe BIAUSHUSI oporpaduu Ha nepe-
Hoc npuMeceit B atMocdepe. [1pu 3ToM MOXHO 0XKU-
JaTh TaKXe YJIy4JIIeHUSI BOCIIPOU3BEICHUS U CE30H-
HOro xona pH ocangkos.

OCHOBHBIM pa3IUM4YreM BpeMeHHbBIX cpe3oB 1900 u
2000 rT. ssBsIeTCS 0011Iee YMEHbIIEHUE KUCIOTHOCTH
B EBporie u, B MeHbInei crerienn, B CeBepHOI AMe-
puke, Ha ore Adpuku u B KOxxHOI AMepuke s
BTOPOTO Cpe3a OTHOCUTEIBLHO MEPBOTO C YBEJIUUYEHU -
€M B I0XXHOI M 10T0-BOCTOUYHOU A3UU. DTU TPEHIbI
00yCJIOBJIEHBI TPENMYIIIECTBEHHO COOTBETCTBYIOIIIM -
MU TpeHIaMu aHTPOIOTeHHbIX SMUCCUI Cepbl B aT-
Mocdepy B yKazaHHBIX permoHax [2]. B perumonax
EBpasuu, noaBepKeHHbIX 3arpsiI3HEHUIO COETMHEH U -
SIMUA Cepbl U3 €BPOIEeIICKOT0 permoHa yMeHbIlIeHUe
KUCJIOTHOCTH OCaJKOB HauboJiee 3HaYUMO TIPOSIBISI-
eTcsl B 3UMHUI U BeCeHHMI nepuoabl. st apyrux
PErMoOHOB, B KOTOPBIX IPOSIBISIETCSI YMEHBIIICHUE
KUCJIOTHOCTU OCAaJKOB, 3TO YMEHbIIEHUE Oojiee o~
HOPOJHO pacnpeiesieHO MO KaJeHAapHbIM CE30HaM.

MN3BECTHUA PAH. ®U3NKA ATMOC®EPHI 1 OKEAHA

OTHOCUTEIBHO OMHOPOIHBIM II0 CE30HAM SIBJISIETCS 1
yYBeIWUEeHUE KUCIOTHOCTU ocankoB oT 1900 x 2000 rr.
B I02KHOI M I0TO-BOCTOYHOI A3H1MU.

4.3 YyecmeumenbHocmb KUCAOMHOCMU 0CAOK08
K muny ocadkoe

OnucaHHas BbIIIE MOCTAHOBKA YUCIEHHBIX 9KC-
TMEPUMEHTOB 3aTPYIHSIET MOJHBIN aHAINU3 YyBCTBU-
TETLHOCTH pH K TUMY ocaakoB (KpyITHOMAacIITab-
HbIE XUOKWE, KPYITHOMACIITaOHbIe TBEpAbIe, KOH-
BeKTUBHBIE). OTHAKO MPOCTEHINI aHAIU3 MOXHO
MPOBECTH 32 CUET UCKJTIOUeHUsI HauboJiee Headdek-
TUBHOTO TSI BJIAXKHOTO BBIMBIBAHUS TUTTA OCATKOB —
cHera. COOTBETCTBYIOIIMI aHaIU3 ObLI MPOBEACH C
MUCKJTIOYEHMEM TaKMX OCaJIKOB B COOTBETCTBUMU C aJi-
TopuTMOM pasaena 3. OTMETHUM, OTHAKO, YTO TaKOi
MOAXo/ SIBJsIeTCS BecbMa IpyosiM. Hampumep, oH He
YUYUTHIBAET 3UMHUE OTTENENU C BO3MOXHBIM BbIMa-
IeHeM KpYITHOMACIITAaOHBIX OCaIKOB MaJlol WH-
TEHCUBHOCTU (KOTOpbIE B TlepecueTe Ha EeIUHUILY
Macchl BbITaaarolieii Baaru Haubosiee 3(pheKTuBHbI
IUIST BJIQXKHOTO BBIBENCHMST COCOIMHEHU CEephl B aT-
mocdepe [20, 21]) wiau, HA06OPOT, Pa3BUTUS CUJIb-
HBIX IITOPMOB B MEPEXOIHbIE CE30HBI C BhIMAAeHEM
OCaIKOB B BUIE CHera. AICKBAaTHBIM aHAJIM3 TaKMX
3} eKToB BO3MOXKEH JIMIIb MPU COOTBETCTBYIOILIIEM
y4JeTe TUIIa BbITIaJatoluX OCaIKOB, YTO B JaHHOI pa-
0oTe 3aTpyaHUTENIFHO. TeM He MeHee, MCIIOIb3yeMbIii
Ne 1
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Puc. 5. I1onoGHo puc. 4a, 46, HO IPU UCKITIOYEHU U TBEPIbIX OCAIKOB.

B IaHHOI1 paboTe IpyObIii MOIXOM K YUETY BIUSHUS 1ie-
JiecooOpa3eH, 0COOEHHO BBUIY OOIIEro 3aBBILICHMS
conmepxxaHus cynbdaToB B atMochepe cxemoit ChAP B
3UMHMI IEPUO/I.

ITockonbKy Takoit momxon 0YeBUIHBEIM 00pa3oM He
JIOJDKEH BJIUSTh HA p H OCaakoB B JIETHUM MepUo, 10-
CTaTOYHO OTPAHUYMTHLCS 3UMHHMM IIepHOIOM (pHUC. 5a)
U TIepeXONHBIMU TepromaMu (HaIlpuMep, BECHOI;
puc. 56). IIpu 3ToM B 000MX cily4yasiX B permoHax C
OTpUIATEIbHBIMY TEMIIEpaTypaMu B HIDXKHEM TPOIIO-
chepe KUCIOTHOCTh OCAAKOB 3HAYUTEIBHO YMEHb-

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

IraeTcs. DTO comracyeTcst ¢ 0630poM [6] pe3yabTaToB
usMepeHuil p H ruapoMeTeopoB.

5. OBCYXKXKAEHWE 1 BBIBOJbI

B naHnHoi1 paboTe npoBeaeH aHaIu3 KUCIOTHOCTHU
0CaJKOB II0 pacyeTaM CO CXeMOil CEpHOI0 LIMKJIa aT-
mochepsr ChAP-1.0 (Chemistry and Aerosol Pro-
cesses), pa3paboTaHHOI 11 Mozeaeil 3eMHOI cu-
CTEMbI IPOMEXYTOYHOM CJIOXKHOCTH. Pacuernl co
CXeMOIi ObLIM BBIIIOJHEHBI IIPU 3aJaHUM CPpEeIHEeMe-
Ne 1
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CSYHBIX aHTPOIOT€HHBIX SMUCCHUI TUOKCHUIA CePhI B
armocdepy B 1850—2000 rr. (B BUIe BDEMEHHBIX Cpe-
30B C IIaroMm 1o BpeMeHHu 10 j1eT) mo JaHHBIM IIPOeK-
ta CMIP5 (Coupled Models Intercomparison Proj-
ect, phase 5), a moseit MeTeOpOoJIOrMUYeCKUX ITepeMEH -
HBIX — II0 MHOTOJISTHMM CpegHUM (C Y4YeToM
romoBOIO Xo1a) maHHBIM peaHanan3a ERA-Interim
st 1979—2015 rr. BeluuciieHus1 NpoBOAMINCH Ha
cetke ¢ maroM 4.5° o mupore u 6.0° 1o gonrore.

BrisiBiieHO, 4TO 3HAYMMAasl KMCJIOTHOCTh OCaaKOB
XapakTepHa IS pETMOHOB C BBICOKOW MHTEHCUBHO-
CTBbIO aHTPOIIOTEHHBIX YMUCCUI COCTMHEHUI CePhl B
atMocdepy — EBporibl, 10oro-BocTOUYHOI A3UH, BO-
croka CeBepHoii AMepuKH, ora Adpuku u 3amnana
IOxHoit AMepukn. B 3Tux permoHax B MOCJIeTHUE
necsatunaetuss XX Beka TUMNWYHbIE 3HauyeHUuss pH
OCaJIKOB COCTABJISIIOT OT 2.5. 10 3.5, 4TO XOpPOIIIO Co-
macyeTcss ¢ MMEIOIIUMMCS JTaHHBIMU W3MEPEHUIA.
MaxkcuManbHasd KMCIOTHOCTb OCAaAKOB (MUHMMAJIb-
HOe 3HaueHue p H ruapoMeTeopoB, OJIM3KOe K 2) 13-
3a aHTPOMOTEHHBIX COCIMHEHUI Cepbl OTMEUEeHAa Ha
BOCTOKE cpeam3eMHOMOpcKkoro perunoHa. B Cesep-
HOM MNOJIyIIapUU KUCIOTHOCTb OCAAKOB JIETOM 0OJIb-
me, yem 3umoii. IlepeHoc nmpumeceii B atMocdepe
MIPUBOIUT K TOMY, UTO B IIOCIETHUE ASCATHUIIECTHS XX
BeKa pernoHbl ¢ pH < 3.5 0XBaThIBaIOT MPAKTUYECKU
Bclo EBpasuio. BausiHue 3Toro rnepeHoca Takxke 3a-
METHO U B APYTUX PETMOHAX CPEAHUX IIUPOT — HA
fore CeBepHoit AMeprnKH 1 Ha 3amane FOxHoit Ame-
puku. Tem He MeHee, psia OTIMYUI TPOCTPAHCTBEH-
HOI'O pacHpene/icHUsI MOIEIbHBIX JaHHBIX OT JaH-
HBIX TIPSIMBIX M3MEPEHMI, a TaKXKe COOTBETCTBYIO-
LI OTJIMYMSI B CE30HHOM XOJI€, MOTYT OBITh CBSI3aHbI
C HEYYETOM BIUSHMS oporpaduu Ha IIEpEeHOC IIPU-
Meceil B aTMoc(epe B HCIIOJIL30BAHHOM B JTaHHOM
pabote BapuaHTte cxeMbl ChAP.

CrenyeT OTMETUTD, YTO yBeJIMUEHUE pa3Mepa pe-
TMOHOB, TTOABEPXKEHHBIX KUCIBIM OCaJKaM, IT0 CpaB-
HEHMIO C pa3MepoOM pPEeTMOHA-UCTOYHMKA MOXKET
OBITh OlLIEHeH UMEHHO KaK CJIe[ICTBUE TIEPEeHOCA B aT-
Mmocoepe. Eciau cuntaTh, 4TO

* GOJBIIAst YACTh AHTPOIOTE€HHBIX SMUCCHIA CEPhI
B aTMOc(depy IPOUCXOITUT B (popMe TMOKCHUIA CEPHI C
MOCJICIYIOIINM €ro OKMCIIEHEM B CYIb(aThl, BEIBE-
JIeHHe KOTOPBIX M3 aTMOC(HEPHI IPOUCXOAUT MPEUMY-
IIECTBEHHO BJIAXKHBIM OCAXICHUEM;

* pa3Mep perMOHOB — UCTOYHUKOB TUOKCHUAA Ce-
pBI TIPEHEOPEXXUMO MaJjl IT0 CpaBHEHUIO ¢ pa3Mepa
pervoHa BIUSHUS 3TOr0 UCTOYHMKA,

TO TIOPAOOK BCJIMYMHBI pasMEpa pEermoHa, Ioa-
BeperHoro BJIUAHUIO UICTOYHUKA ITO HanpaBneHmo
npeobianaronieil CKOpoCcTU BETpa U, MOXET OBbITh
OILIEHEH CJICIYIOIINM 00pa30oM:

L = u(Ts0, + Tso0,) (14)

IIe Tgo, U Tso, — BPEMsI KM3HHU B aTMOCc(hepe TMOKCH -
Jla cepbl U cyJabdATOB COOTBETCTBEHHO. C y4YETOM THU-

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

IMAYHOI CKOPOCTH BETPa B CPEIHUX ITUPOTAX B HIK-
Heli Tpornocdepe =5 m/c [12] ¥ TMUNMMYHBIX 3HAYEHU I

TSO2 =1 CyT. U Tso4 24—6 CyT. (CM [1—3, 23] n
Taba. 5.5 m3 [24]) »TO0 nOpUBOAUT K OLEHKE

L ~(0.5-1)x 10* KM, 9TO CpPaBHHMO C pa3MepoM
EBpasuu (16 ThIC. KM ¢ 3amana Ha BOCTOK). C yuyeToM
pasMmepa pa3Mepa eBpOIeiCcKOro peruoHa-ucToYHu-
Ka, paBHOTO HECKOJIBKWM ThICSTYaM KWJIOMETPOB (3TO
3HaYeHue Mpu Ipydoil olleHKe cienyeT 100aBUTh K
OolleHKe L), 3TO B LIEJIOM OOBSICHSET BIUSHUE €BPO-
MEeMCKOro pervoHa-uCTOYHMKA Ha KHUCIOTHOCTH
ocankoB Han Beell EBpasueii.

OTMeTUM TaK:Ke psii OrpaHUYCeHMIA JTaHHOM paOOThI.

* B pabGore He yuyuTHIBAIOTCSI €CTECTBEHHbBIE
OMUCCUN COCMUHEHUI Cepbl — IPEXIe BCEro AUMe-
TWICYIbdUaa ¢ TIOBEPXHOCTU OKeaHa W BbIAeIeHUE
IMOKcHUaa cepbl U cyibdaroB U3 ByakaHoOB. CoBpe-
MEHHasi ”THTEHCUBHOCTb ITIEPBOTO UICTOYHUKA OLIEHU -
BaeTcs BeJmunHoi okoso 28 TrS/ron [33, 34], [35],
BTOpOro — okoJj10 23 TrS/ron (BblaeiaeHue TMOKCHIA
cephl M3-3a U3BEPXKEHUI Ha TTOPSIIOK MeHbIe) [36].
CyMmMapHast UHTEeHCUBHOCTb 3TUX UCTOYHUKOB CpaB-
HYMa C UHTEHCHUBHOCTBIO aHTPOIOTEHHBIX SMUCCUM
SO, Barmocdepy B ocaeIH1E JecaTUIeTHs XX BeKa
(=54 TrS/ron [37]). Takum 0Opa3oM, UX y4ET MOXKET
JIOTIOJTHUTEIBbHO YBEJIMYUTH KUCTIOTHOCTh OCaJKOB, B
TOM 4yucClie U HaJl KOHTMHeHTamu. C ydyeToMm Jiora-
puhMHUYECKO 3aBUCUMOCTU pH OT KOHLIEHTpaluu
MOHOB BOAOpPOJIa B TUApOMETeOpax 3TO YBEJIUUESHUE
MOXET MTPUBECTU K YMEHbIIIeHUIO0 pH Ha HECKOJbKO
NeCSIThIX.

* KucIoTHOCTb 0CagKoB TakxKe MOXKET BO3PacTu
MPU y4eTe BIAXHOTO OCAXKIACHUS ITUOKCUAA CEpHI.
OnmHako st OOJBIIMHCTBA COBPEMEHHBIX MOAEIIE

BKJIaJ, BJ1aXXHOTO ocaxIeHust SO, B [IOJIHOE OCAXIE-
HHE 3TOro rasa He TpeBbiaet 15% [24], yTo nuib
HE3HAYNTEIbHO M3MEHUT BBIYMCIICHHBIE B TaHHOMN
pabore 3HaueHus pH .

* B paGore He yuuThIBaeTcs BiIUsSHUE Ha pH
0CaKOB OCHOBaHUIl APYIUX KUCIIOT, IIPUCYTCTBYIO-
11X B aTMocdepe (B TOM YMCIe a30THOM KMCJIOTHI).
B cBsi3u ¢ miocienHUM BaxkHO UMETh B BUY, YTO MO-
cie 2000 . B IIPOMBIILIEHHO Pa3BUTBIX PETrMOHaX
(EBpoma, CIIIA, Kuraii) oTMe4eH pOCT CoepKaHus
HUTpATOB B aTMocdepHbIX ocaakax [11]. AmekBaT-
HYIO OLIEHKY 3TOro BJWSIHUSI B TaHHOM paboTe cie-
JlaTb 3aTpyaHuTesibHO. OaHaKo, ucxons U3 oOllei
PEATMCTUYHOCTU TMOJYYEHHBIX PE3yJbTaTOB M MX
YIIOBJIETBOPUTEJIBHOTO COMJIACHUSl C MMEIOLIMMUCS
JNIaHHBIMU HaOJNIOJEHUI, MOXHO YTBEpPXJaTb, 4YTO
ISl TIPOCTPAHCTBEHHO-BPEMEHHOTO pas3pelleHusl,
KCIOJIb30BAaHHOTO B JAHHOI paboTe, yYeT TaKuX Be-
1LIECTB HE UBMEHUT pH ocaakoB Oosiee YeM Ha eau-
Huiy. KpomMe Toro, mepuoa ¢ pocToM BKJIajla HUTpa-
TOB B KUCJIOTHOCTb OCaJKOB HE YUYUTBHIBAETCS B TaH-
HOI1 paborte, T.K. pacueThl 3akaHunBaroTcs B 2000 r.
Ne 1
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* Kpome Tor10, B paboTe HE yUMTHIBASTCS BIUSHUE
VIJIEKUCJIOTO Ta3a Ha KUCJIOTHOCTh ocankos [1, 2, 3].
Bynyun xopoio nepeMeniaHHbBIM B aTMocdepe, yI-
JIEKUCJIBIII Ta3 CIIOCOOEH YMEHbLIIUTh IIPOCTPaH-
CTBEHHBbIE pa3nnuuus pH MeXIy perMOHaMU C CUJIb-
HBIM U1 CJIa0BIM 3arpsi3HeHUEeM aTMoc(dephl COeTMHE-
HUSIMU CEPEL.

Takum oOGpaszoM, TIpoBeAeHHAasI B JaHHOW paboTe
JIorojHuTeIbHas Bepudukanus cxembl ChAP mmoka-
3BIBAET €€ PCATUCTUUYHOCTH JJISI MoJiesieit 3eMHOI cH-
CTEMBbI ITPOMEXYTOYHOM citoxkHOCTU. [1pu 3TOM, O~
Hako, liejiecooOpa3Ha n1opaboTKa CXeMbl C y4eTOM
BJIMSIHUSI OCAJIKOB Pa3HOTO THIA Ha BJIaXHOE Oca-
XKIEHWE COENWHEHUU cepbl U3 aTMocdepbl U ydyeTa
BJIIMSIHUS oporpaduu Ha IepeHocC IIpUMeceil B aTMO-

chepe.

ABTOpPHI BBIpaxarotr omaromapHocTth I.B. Cypko-
BOM M aHOHMMHBIM pEIEH3EHTaM 3a 3aMevyaHusl,
BBICKAa3aHHbIC K Mpenbiaylleili Bepcuu paOOTHL.
Yacth paboOTHI, CBSI3aHHAsI C pa3spabOTKON CXeMBI
XUMUYECKUX ITPOLIECCOB B aTMocdepe, Obljia ITpoBe-
JIeHa ¢ ucrnoab3oBaHnueM YHY “Camoner-nadopa-
Topus TY-134 “OnTuk” ripu GMHAHCOBOM TTOIICPKKE
Muno6pHayku P® (cornamenue 075-15-2021-934).
Yactp paboOTHI, CBSI3aHHAS C aHAJIM30M IIPOCTPaH-
CTBEHHBIX M BpeMEHHbIX 0OCOOeHHOCTel p H ocaikoB
BBITIOJIHEHA 3a cYeT cpeAacTB IIporpaMMbl cTpaTeru-
YeCcKOro axkajaeMudeckoro juaepcTBa KasaHcKoro

(IpuBomkckoro) demepalbHOTO YHHBEpCUTETa
(ITPUOPUTET-2030).
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Model Estimate of the Acidity of Atmospheric Precipitation Acidity
Due to Anthropogenic Sulfur Compounds in the 20th Century
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An analysis of the acidity of precipitation is carried out by using the ChAP-1.0 (Chemistry and Aerosol
Processes) atmospheric sulfur cycle scheme developed for Earth System Models of Intermediate Complex-
ity (EMICs)These calculations are forced by monthly mean anthropogenic emissions of sulfur dioxide to
the atmosphere in 1850—2000 adapted from the CMIPS5 (Coupled Models Intercomparison Project, phase 5)
database and by long-term means (taking into account annual variations) of meteorological variables
adapted from the ERA-Interim reanalysis for 1979—2015. It was revealed that significant acidity of precip-
itation (minimum pH of hydrometeors) is typical for regions with high anthropogenic loading of sulfur
compounds in atmosphere — Europe, southeast Asia, east North America, southern Africa, and western
South America. In these regions in the last decades of the 20th century, typical precipitation values of pH
amount from 2.5 to 3.5, which agrees well with the available measurements. The maximum acidity of pre-
cipitation (the minimum pH of hydrometeors, which is close to 2) due to anthropogenic sulfur are noted
in the eastern Mediterranean region. Atmospheric transport leads to regions with pH < 3.5 covering almost
all of Eurasia in the last decades of the 20th century. The influence of this transport is also noticeable in
other midlatitudinal regions — south of North America and western South America. In general, the ChAP
scheme can be used in EMICs, but after a refinement to account for the effect of various types of precipi-
tation on the wet deposition of sulfur compounds from the atmosphere and the effects of orography on the

transport of chemical species in the atmosphere

Keywords: sulfur cycle, sulfates, sulfur dioxide, precipitation, acidity, models of intermediate complexity
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