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0O0630p comepKUT HanbojIee 3HAYUMMbIE PE3YJIbTAaThl PA0OT POCCUICKUX YUEHBIX B 00J1aCTH MCCIIeIOBaHUIA
aTMocdepHOoro 030Ha, BhIOJIHEeHHBIX B 2019—2022 rr. B HeM paccMoTpeHbl HaboaeHus 3a Tponochep-
HBIM O30HOM, €TI0 pacrpeiejieHue U U3BMEHYMBOCTb Ha Tepputopruu PP, B3auMocBsi3b ¢ aTMOChEepHBIMU
rnapaMeTpaMmu, MOJAEIUPOBAHME MPOLIECCOB 0Opa30BaHMs 1 BIUSHUE Ha 300pOBbe HaceneHus. [Ipoananu-
3MPOBAHO TAKXKE COCTOSIHUE CTpaTochepHOro o3oHa Haj Poccueil, MoneMpoBaHue MPOLIECCOB B 030HO-
chepe, pazpabaTbiBaeMbie MeTOAbI U TpUOOPHI. O630p SIBJISIETCSI YacThlO HallMOHAJIbHOTO oTueTa Poccuu
10 METEOPOJIOTUU U aTMOCGhEPHBIM HayKaM, KOTOPbIi ObLT ITOATOTOBIIEH Wit MexXAyHapOIHOM accolya-
LIUM 10 MeTeopojiorun u atMmocdepHbIM HayKaM (IAMAS). Otyet 6611 paccMoTpeH 1 ogoopeH Ha XX VIII
['eHepasibHOM AccaMbJiee MEXIyHAapOIHOTO Teoie3udeckoro u reopusndeckoro cotoda (IUGG).

Kirouesbie ciioBa: atMocdepa, 030H, 030HOBBII CJIOM, cOcTaB aTMOC(hephl, MaJible ra30Bble TPUMECH, Ka-

YECTBO BO3MyXa, XUMMUS O30HA, IPOLIECCHI IEpEHOCca
DOI: 10.31857/S0002351523070027, EDN: TVUPBQ

1. TPOTITOC®EPHBIN O30H
U Er'O NPEAIUECTBEHHUKU

1.1. Hab6arooenus

Poccuiickasi ceTb MOHUTOPUHTA TIPU3EMHON KOH-
nenrpamuu o3oHa (I1IKO) u ero mpemiiecTBEHHUKOB
YaCTUYHO M3MEHWTIACh 3a TOCTIeAHIE YeThIpe Toaa OT-
HOCUTEJIbHO Mpeabiayliero nepuona [ Enanckuii, 2020].

ITo pacmpeneneHnio 0O0SI3aHHOCTEM MEXIy Be-
JIOMCTBaMH OCHOBHYIO MH(pOPMALIMIO O COIePKAHUU
030Ha B MPU3EMHOM CJIO€ BO3IyXa JOJIKEH Ipeno-
CTaBJISATh POCTUAPOMET, KOTOPBIIA OCYILIECTBIISIET MO~

HUTOPUHT ero cocTaBa 6ojee yeM B 240 roponax Poc-
cum. OmHAKO, B BBIITYCKAEMBIX MM €XXerogHo 00630pax
JaHHbIe 00 030HEe OTCYTCTBYIOT [O630p, 2021; O030p,
2022], XOTsI CeThb B MOCJIEAHME TOIbI MOACPHU3UPYETCS.

B nByx cambix OoJblnx Meranoaucax Poccum —
Cankr IleTepoypre m MockBe MMEIOTCSI CpaBHUMBIE
¢ 3apyOeKHBIMU aHaJIOTaM1 CUCTeMbl MOHUTOPUHTA
MIPU3EMHOIO O30Ha U JPYruX 3arps3HAMOLINX BeE-
mecTtB. B . Mocksa, ¢ 2002 1. pyHKIIMOHUPYET CETh
9KOJIOTMYECKOr0 MOHUTOpHMHTIa locymapCTBEHHOTO
IIPUPOMIOOXPAHHOTO  OIOMXKETHOTO  YYPEXKICHUS
(I'TIBY “MOC3KOMOHMUTOPUHT”), CIEIIMAIBHO YIIOJI-
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HOMOYECHHOM OPTaHU3AINH 10 OCYIIECTBICHHUIO T0-
CyIapCTBEHHOTO HSKOJIOTMYECKOr0 MOHUTOPUHTA
[https://mosecom.mos.ru/]. PerynsipHble wu3smepe-
HUsI KOHIICHTPAIIMY MPU3EMHOTO 030Ha TTPOBOISITCS
Ha 17 cTaHIIMSIX aBTOMAaTUYECKOTO KOHTPOJIS 3arpsi3-
HeHust atMochepbl (ACK3A) exedacHO U Kpyriaocy-
TOYHO. B 6a3y maHHBIX 3aITMCHIBAIOTCSA CPETHIE 3HA-
yeHus 3a 20 MUHYTHBIN UHTEpBas BpeMeHu. Ha cetu
cTaHIMiE MOCOKOMOHUTOpUHTa B MOCKBE M3Mepe-
HUS TIPOBOISITCS Ta30aHAIM3aTOpaMHM TPEX BUIOB pa-
OoTaroIIMX Ha OCHOBE MeETona YIbTPadHoIEeTOBOM
doromerpun: Casella Monitor ME 9810B, Envi-
ronnement S.A. O3 42M, HORIBA Ltd APXA-370
Mon. APOA-370 u 1 mpubopom OPSIS AB AR500, oc-
HOBaHHOM Ha Metone auddepeHIIaTbHON ONTUKO-
a0COPOLIMOHHOM crieKTpocKormu. IIprubopsl BHECEHBI
B [ocymapcTBeHHBII peecTp CpeACTB U3MEPEHUI U MO~
BepeHbl B ['ocynapcTBeHHOM METPOJIOTMYECKOM CITyXK-
6¢. B exxeromHoM moKiIane MyOJIMKYIOTCS aHAIATHIC-
CKHM€ MaTepHaIbl O COCTOSTHUM OKPYKAIOIIE Cpebl B
ropone Mockae [https://www.mos.ru/eco/documents/
doklady/view/], a Tak:Ke 9aCTUYHO BKJTIOYAIOTCSI B €XKe-
KBapTajbHble 0030pbl [BaHoBa u mp., 2019a, 20190,
20198, 2019r, 2020a, 20206, 20208, 2020r, 202la,
20216, 20218, 20211, 2022a, 20226, 20228, 2022r;].

Ha ocranbHoii Tepputopun PP HabaoneHus 3a
030HOM TIPOBOJSITCS B WHWUIIMATUBHOM IOpSIIKE B
OCHOBHOM Hay4YHbIMU WJIM BY30BCKMMMU OpraHM3a-
uusiMu. CloxuBiuiicss HeopMallbHbIIT KOHCOPILIM-
YM TaKMX CTAaHILIMI Hayajl myoJIMKoBaTh 0030pbl KOH-
LIEHTpallMU 030HA B Tponocdepe Haa TEpPUTOPUEN
Poccuu [AHnpees u ap., 2020, 2021, 2022].

ComnacHo oImy0JIMKOBaHHBIM B 0030pax CBEICHU -
SIM U3MEPEHUSI B paccCMaTprBaeMblil ITepuoI TPOI0-
Xamch Ha KMcIoBOICKOM BRICOKOTOPHOIT HAYyYHO
cranuuu (KBHC);B I'ocynapcTBEeHHOM MpPUPOTHOM
3anmoBengHuke “Kapamarckuii”; Ha 300-MeTpoBOIi
Beimke B O0nHuHcKe (Kamyxkckass oonacte, HITO
“Taiidbyn”); Ha 3 craHuusix B Cankrt IletepOypre:
“OPTEC-N” pacnonoxeHHOI B pailoHe AJIeKCaH-
npo-Hesckoit JIaBper, “OPTEC-P” — Ha BacuibseB-
ckoM ocTpoBe u “OPTEC-PR” 6a3upyroieiics B JIe-
HMHIpaACKOi 061acTu, Ha ctaHuuu I'pomoBo Ilpu-
03epCKOro paioHa; Ha CTaHIMM MOHMUTOPUHTra
MPU3EMHOT0 030HA, €ro MpealleCTBEeHHUKOB U OC-
HOBHBIX MeTeolapaMeTpoB B PoccuiickoM yHUBep-
cuTeTe IPYyXObl HAPOIOB IMpHU ydyacTuum MHCTUTyTa
obmeit puzuku um. A.M. ITpoxopoBa PAH B npene-
Jlax TpeTbero TpaHCIOPTHOIO KOJblla MO amapecy
ymuaia OpIKOHUKHUA3E, O. 3; Ha cTaHIMKM Bsrckue
IMonsHel, pacrionoxeHHoM Ha 1ore KrupoBckoii 061a-
ctu; Ha TOR-cranuum u obcepBaropun MoHOBas B
Tomckoit obmactu; B T. YimaH-Ym3. 3ateM K 3TUM
MyHKTaM J00aBUJIUCh CTAHLIMU ANaTtuThl, MypmaH-
ckas obyacth; bosipckuii, bBypsitust; B 2021 r. Obutn
BOCCTaHOBJIEHbBI U3MEPEHUS HA cTaHIIMU JIUCTBSIHKA,
HNpkyrckas obnacte u Tapyca, Kamyxxckast 061acTb,
otkpeita ctanmusa OIITOK — Kapemus.Cranmuu
OCHalIlleHbl ceTeBbIMU NMpUOOpaMu, PEKOMEHIOBAH-
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HbIMU [7100ambHOM clyxk00it atMochepsl (GAW
WMO). Bce nmpubophl peryasspHO KaJuOpoBalIUCh.

Kpowme cranimoHapHbIX U3MEPEHUI MTPOBOAUINCH
9KCIIeIULIMOHHbIE MCCeI0BaHUSI 030HA U KOMIIO-
HEHTOB O30HOBBIX 1IMKJIOB, BHITIOJIHEHHBIE HA TEPPU-
Topuu o3. baiikan u npuieralouieit TeppuTOpUU
[Zayakhanov et al., 2019; Xomxep u ap., 2019; Tcydy-
pov et al., 2020; Zhamsueva et al., 2021, 2022;
Obolkin et al., 2022], a Tak:ke B ApDKTUYECKOM pETru-
oHe [ITankparoBa u ap., 2020].

BeprukanbHoe pacripeneneHue B Tporocdepe u3-
MEPSUIOCH C IIOMOIIIBIO caMmoieTa-1aboparopun Ty-134
“Ontuk”. CoBpeMEHHBIIl cocTaB 00OpPYAOBaHUS
npencrasieH B [Belan et al., 2022]. B reueHue Bcero
paccMaTpUBaeMOro Mepuoa BBIMMOJHSINCH eXeMe-
CSIYHBIE TIOJIETHI Hall I0KHBIMU paiioHaMu 3anagHoit
Cubupu. B cenrssope 2020 r. ObUT IIPOBEOeH YHU-
KaJIbHbIN 9KCMIEPUMEHT MO U3MEPEHNIO COCTaBa BO3-
Jlyxa, BKJIIoYasi 030H, Had BcemMu Mopsimu Poccuii-
ckoro cektopa ApkTtuku. Ellle omMH 3KCHEpUMEHT
ObLI TIpOBeAeH B ceHTA0pe 2022 r. OH 3aKiIovancs B
U3MEPEeHMHU COCTaBa BO3IyXa B MEPUANOHAILHOM Ha-
MpaBieHNU. MapIipyT Hadaycs BOIM3U 56° c.In. u
3aKOHYMJICS HajJ akBatopueit Kapckoro Mops, rae
MOAAEPXKKY MPUBOIHBIMU U3MEPEHUSIMU OCYIIECTB-
JISIJIO HAYYHO-UCCIe0BaTENbCKOE CYTHO “AKaaeMUK
Mcrucnas Kenapii™”.

M3MepeHnst BepTUKAJIBHOIO pacIpeieieHUs 030-
Ha B BepxHeil Tpornocdepe — HUXHeN cTpaTtochepe
OCYIIECTBISUIMCH B TOMCKE € TOMOIIbIO JIA3€PHOTO
Jlokatopa (Jimpapa) nuddepeHIMaIbHOTIO MOrIoIe-
Hus. Jlugap padoTtaer Ha miIMHaX BoiH 299—341 u
308—353 HM U MO3BOJSET U3MEPSTh BepPTUKAJIBHOE
pacrpenejeHne o30Ha B ciioe 5—45 kM [MarBueHKko
u ap., 2019].

B Hacrosiiiee BpeMsi peryisipHble U3MEpPEHUsI CO-
JIep>XKaHUs IBYyOKMCHY a30Ta CO CIIYTHUKOB MPOBOJST -
csi ¢ momolblo nHcTpymMmeHtoB TROPOMI, OMI,
GOME-2. NocTuraemoe UMM TOPU3OHTAIBLHOE MPO-
CTPAHCTBEHHOE€ paspellieHue Npu IoOajbHOM MO-
KPBITUM COCTaBJISIET AECSITKU KWJIOMETPOB, YTO JO-
CTaTOYHO JUIs1 uccinenoBaHusi ctpatocepHoro NO,.
Konnektnsom MDA PAH B 2016—2017 rr. ObLIH
MPOBENECHbI TEPBbIE IKCIEPUMEHTHI MO BBICOKOJE-
TAJIbHOMY 30HAMpPOBaHUIO TponochepHoro NO,.
IIpu 3TOM HCIONB30BAIUCH WU3MEPEHUST CIIEKTPO-
Mmetpa I'CA, KOTOpHBIN yCcTaHABIMBAETCSI Ha KOCMH-
yeckue anmnapatsl cepum Pecypc-I1. Ha ocHoBe npo-
U3BEJIEHHOI CheMKHU pa3paboTaH MepBblil HA MUPO-
BOM YPOBHE aJITOPUTM ONpeaeSeHUsI UHTETPAIbHOTO
cogepxanusi NO, B Tporiocdepe ¢ MpoCTPaHCTBEH-
HBIM pa3pelleHueM oKoJjio 2.4 KM Ha ceTke 120 M ripu
TUITMYHOM JIJ1S CHYTHUKOBBIX METOJIOB IMOTPEITHOCTH
nsmepenusa 10Y monex/cm?. 1 Bamgauuy KpyIi-
HOMACIITaOHBIX CTPYKTYP, BBISBIISIEMBIX Ha BOCCTa-
HOBJICHHBIX MNOJisiX pacnpenesieHus: NO,, BBITIOTHE-
HEI cCpaBHEeHMsI ¢ maHHBIMU anmaparypsl TROPOMI u
OMI [Postylyakov et al., 2019a, 20196, 2020a, 20200] u
Ne 7
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AHIPEEB u np.
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Puc. 1. Cpennerononas (a) 1 MakcuMalibHasl (6) KoHIleHTpalnu o30oHa B 2021 1. B Poccun.

XMMHUKO-TPAHCIIOPTHBIMKU ~ MoneasiMu  [JlaBbrmoBa
u np., 2021, Zakharova et al., 2021], xoTopbsle mOm-
TBEPIAWUIU JOCTOBEPHOCTD MOJIYyYaeMbIX PE3yJIbTaTOB.

1.2. Pacnpedenenue u usmenuusocmeo

JlaHHBIE, cCOOpaHHBIC B 0030pax [AHIpeeB U ap.,
2020, 2021, 2022], cBUOETEABCTBYIOT O 3HAYUTEIb-
HOM pa3bpoce B 3HAYCHUSIX KOHIICHTPAIUU 030HA B
IPU3EMHOM CJIO€ BO3/IyXa B pa3HBIX FeorpauuecKux
paiioHax Poccuu. B xauecTBe mpumepa pacCMOTpUM
PUCYHOK, Ha KOTOPOM IIPEICTaBJIEHbl CPEIHEroI0-
Basl U MakKCUMaJIbHasl KOHLeHTpaluuu o30oHa B 2021 T.

M3 puc. 1a BUAHO, YTO CpeaIHETOAOBBIEC 3HAUCHUS
ITKO pasznuuarorcst mexay coboit B 2.5 pasza. Hau-
OosbIIvie 3HAYeHUSI (PUKCHUPYIOTCSI Ha BBICOKOTOP-
Hoit ctanuuu B KucinoBoncke, B KpeiMy 1 Ha Gepery
03. baiikay, HauMeHbIINe — Ha TOPOACKOI CTaHIIUN
B OOHUMHCKE.

MN3BECTHUA PAH. ®PU3NKA ATMOC®EPHI 1 OKEAHA

MakcuManbHBIe XXe KOHIeHTpauuu (puc. 16), Ha-
OJIIOAIOTCS B KPYITHBIX TOpoAax, Ioe MMEIOTCS I0-
MMOJTHUTEIbHBIE BEIOPOCHI Ta30B-TIPENIeCTBEHHUKOB
o30Ha. [Ipu 3TOM M HOpSIOK pachpeaeicHUs CTaH-
1IN U3MEHIETCH.

M3 pucyHKa TakXe ClIeIyeT, YTO ISl CPeIHEr010-
BBIX 3HAUYEHUI OTCYTCTBYET KaKas-JIMOO IOJTOTHAS
WJIN IIMPOTHASI 3aBUCUMOCTh. BO3MOXHO, 31ech Ha-
IIUIO CBOE OTpakeHUe ACMCTBHE MECTHBIX MCTOYHU-
KOB MpeAIIeCTBEHHUKOB 030HA W aHTPOIMOTeHHBIX
¢daKkTOpoB. A BO3MOXHO MHOTOJICTHSISI MEXXTOIOBasI
M3MEHYMBOCTh KOHIIEHTpAllM 030Ha, KOIJIa CpeIHe -
romoBasi KOHIIEHTpAaIMsI MOXKET U3MEHSThCS 10 4 pa3
[AnTOoXxuH m np., 2010]. o oTBeTa Ha 3TOT BOIIPOC
TpeOyeTcsl OTebHOE UCCIelOBaHUE.

B cratbe [AHIOpees u ap., 2022] OB BBIITOTHEH
MOAPOOHBIN aHAJIN3 IIPUYUH BBICOKMX CPEIHETOd0-
BbIX KoHueHTpauuii Ha KBHC. [Ins storo cmemaH
TpaeKTOpHBII aHamm3 npuxoguBmx Ha KBHC Bo3-
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IYITHBIX Macc. MeTonrKa pacuera 7-CyTOUHBIX 00par-
HBIX TpaeKTOpUIi orurcaHa B 0030ope [AHOpeeB U Op.,
2021]. N3-3a mponyckoB B uaMepeHusix 2021 r. mo Tex-
HUYECKUM NPpUYMHAM, OBLJIO CMOIEIMPOBAHO MEHBIIIE
TpaekTopuii, yeM B 2020 1., — okoio 17000 TpackTOpMii.
B omyimume ot ropoacKux yCJIOBHUIA, Ie NaaeHue KOH-
LEHTpAallMM O30HA OO0 OYEeHb HU3KMWX 3HAYCHU —
MpU3HAK CUJILHOTO 3arpsi3HEHUsSI OKMCJIaMU a30Ta,
Ha KBHC, pacnosoxeHHOI B YMCTOM MECTHOCTU U
HaJ IMOTPaHUYHBIM CJIOEM aTMOC(hEphl, aHOMaJIbHO
HU3KWE 3HAY€HUS KOHILIEHTPAllMU 030HA CBSI3aHbI HE
CTOJILKO C JaJbHUM IIEPEHOCOM, CKOJIBKO C CyXUM
ocaxIeHneM Ha 3eMHOII moBepxHOCTH. Hambonee
aKTHUBHO 3TOT MPOIECC UJIET B MAJIOIIOABUKHOMN BO3-
IYIIHOII Macce, Korha KOHTaKT aHaJIU3UPyeMOIO
BO3Oyxa C ITOKPBHITOM PaCTUTEIBHOCTHIO IIOBEPXHO-
CThIO HauboJIee MPOIOJKUTEIbHBINA. BiusHue mepe-
HOCa 3arpsi3HEHUI ¢ HIDKHUX YPOBHEN CO CTOPOHBI
r. KucnoBoncka (Beicota Ham ypoBHeM mopst 750—
850 M) B 1HU ¢ OJIAaTOTIPUSITHBIMU JIJIST Pa3BUTUS TOP-
HOHOOJVHHOM LIMPKYJISILUN YCIOBUSIMU, KaK OBLIO
noka3aHo B [Cenuk u np., 2005], mpuBoanT, HA000-
pPOT, K YBEJIMUEHHUIO THEBHOTO MaKCMMyMa 030Ha, HO
OYeHb He3HauuTeabHOMY. KpoMe TOro, CHUXXKEHUIO
KOHIIEHTpAllMM O30Ha CHOCOOCTBYIOT TyMaHbI. B
CBSI3U C OTUM U3 aHaJIM3a ObUIM MCKIIOUMIN 00paT-
HBIC TpaeKTOpPUM UIsI JHEI, XapaKTepU3YIOIIMXCS
BBICOKOI BIIaXXHOCThIO (6onee 80%) B KOHEWHOIt
touke TpackTopun Ha KBHC. ITonyyeHHBIe pe3ynb-
TaThl CBUACTEIILCTBYIOT, YTO SKCTPEMAIbHO BEICOKIE
aHoMmanmu npuzeMHoro o3oHa Ha KBHC Obutn cBs-
3aHbI C IEPEHOCOM BO3/IyXa C I0XKHBIX HAITPaBJICHMIA,
SKCTpEMaJIbHO HM3KME 3HAYCHUSI — C IIEPEHOCOM
BO31Iyxa C CeBepO-3anagHbIX HaIIpaBICHUIA.

AHanu3 0coO0eHHOCTel reHepaliui 030Ha B paiio-
He Kapanmara OblI BEITTOJIHEH B 1IUKJIe padoT [ansr-
ruHa u ap., 2019; Jlamuenko u np., 2022; demopo-
Ba u ap., 2022; bopucos u ap., 2022]. YcranosiieHo,
yTo HauboJiee Beicokue [T1KO HabmonaroTcs B Cyxylo
KapKylo MOTrofy U MMEIT aJBEKTUBHYIO TIPUPOLY.
TpaexTopHbIii aHaIM3 MOKa3al, YTO BECHOM IBMXKe-
HY€ BO3IYIIHBIX MacC MPOUCXOAUT Hal aKBaTopuei
YepHoro Mopst co CTOpoHbI YKpauHsbl, Typuuu, Py-
MbIHUU U bosrapuu; B JieTHUE Mecs1Ibl HaJ TePPUTO-
pUeii CylllM 1 B OCHOBHOM CO CTOPOHBI YKpPauHbI 1
I0XHEIX paiioHoB Poccum. Ha pexum ITKO Takcke
CYIIIECTBEHHOE BJIMSIHME OKa3bIBaeT OpM30Bas LIMp-
KyJISILMS, B HOUHOE BPEMS — CKJIOHOBBIE BETPHI.

B cratbe [Obolkin et al., 2022] aHanu3upyoTCcs
0COOEHHOCTH TMHAMUKM 030HA B ceMU ropoaax baii-
KaJIbCKOTO pernoHa (1oro-Boctok Cubupu). Boiss-
JICHO, 4YTO CYIIECTBEHHBIC pPa3JIN4us TMPOCTpaH-
CTBEHHO-BPEMEHHOM WM3MEHYMBOCTA CPETHECYTOU-
HBIX KOHIIEHTpAIIMi O30Ha 3aBUCIT OT Pa3TMIHBIX
AHTPOTIOTeHHBIX HATPy30K. B KPYyIMHBIX ropoaax ¢ Ts-
JKEJIOM TTPOMBIIIUIEHHOCTBIO, PACITOJIOXEHHBIX B 10-
JIMHE peKU AHTaphl, KOHIIEHTPAIIMU 030Ha OBITA MU -
HUMQIBHBIMU U MaJIO M3MEHSIUCh B TeUEHUE Tofa:
MeHee 5 MKT/M> B I. AHrapcke u 20—30 Mkr/m® B
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r. UpkyTcke. B HaceleHHBIX TyHKTaX MEHee 3arpsi3-
HEHHOTO paiioHa, MoJUHbI peku CelleHTH, KOHIIEH-
TpaIyy 030HAa OBLTM 3HAYMUTEJIBHO BBIIIIE, a TOHOBasT
W3MEHYMBOCTh O30HA TUITMYHA 1T BocTounoii Cu-
O6UpU: MaKCUMYyM BecHoI (60—70 MKT/M?), MUHUMYM
oceHblo 1 3uMoii (ot 10 no 30 Mxr/mM?). MakcuMab-
HbIe KOHIICHTPAIIUY 030Ha HAOJIOMAJINCH B CETbCKMX
ycaoBusix (cT. JIMCTBSIHKa, 3aragHoe IMoOepexXbe
IOxnoro baiikana), 1o 80—100 Mxr/m3 B iepuozn Be-
CEHHETo MaKCHMyMa.

ITo pesynbratam HaOmomenuit Ha 3HC MDA
PAH u B MOA CO PAH (r. ToMcK) ITOJTy4eHbI OLICHKH
BPEMEHHOI M3MEHYMBOCTU MHTETPAILHOTO comepxka-
Hust dopmanpreruna H,CO B HuxkHel Tponocdepe
[ BpyukoBckuii u ap., 2019]. ITokazaHo cylliecTBOBaHUe
CTaTUCTUYECKM 3HAYMMOTO MOJIOXKUTEIBHOTO TPEeHa
WHTETrpajbHOTO colepXaHusl popMmalibaeruaa B 3a-
BUCUMOCTU OT TeMrniepaTypbl ipu 1T > 5°C B o6oux
nyHKTax. HaOGmiomaeMblil TOJTOXUTEIBHBIN TPEH],
MO-BUAMMOMY, CBSI3aH C POCTOM OMOTEHHBIX BHIOPO-
COB M3oMpeHa u 1pyrux HemeTaHoBbIX JIOC ¢ pocTom
TeMIIEPATYpPhl, a TAKXKe IUIOIIAAEN JIECHBIX U TOPpDsi-
HBIX TT0XapoB. B BO3AYIIHBIX Maccax, TIPUXOASIIIAX
Ha 3HC n3 MockBhbI, HabII0AaeTCsI YCTOMYMBOE IIpe-
peimenne MC  dopmanpmermma B CpemHEeM Ha

0.4+0.1x10" MOJI/CM? TIPU TIOJIOXUTETbHBIX TEM-

neparypax v Ha 0.8 + 0.2 x 10'® mon/cm? ipu oTpuLa-
TeJILHBIX TeMIliepaTypax. HecMoTpst Ha 3HaYMTElIb-
HYIO yOaJeHHOCTb OT MOCKBBI, HaOJIIoJaeMble Ha
3HC 3HayeHua B ueaoM Ha 10% Bollle HaOIoHae-
MbIX B ToMcke.

1.3. Poav ammocgepruvix npoueccos u serenuii
8 U3MeHeHUU 030HA

B pabore [AHTOoxuH mp., 2020] mcciemoBanach
B3aMMOCBSI3b MEXAY M3MEHEHUSIMU KOHIIEHTpaIluu
CH,, CO, CO,, NO, NO,, O3, SO, u cueTHOI1 KOH-
LIEHTPALIMM a3p030Jieil ¢ TMaMeTPOM YacTull Oosee
0.4 MKM M CIeAYIOIIUMU METEOBEJIMYMHAMMU: TEMIIC-
paTypoil Bo3myxa, aTMOc(hEepHBbIM HaBJICHUEM, Ha-
MPaBJIEHUEM U CKOPOCTbIO BETPa, CYMMapHOM COTHEY-
HOII pamuanueil n yiabTpadpHrOoIeTOBOM pamualnueil B
mmana3oHe 295—320 HM, OTHOCUTETBHOU BIAKHOCTBIO
1 YIIPYTOCTBIO BOASIHOTO Tapa. JIJist uccienoBaHus uc-
MOJIb30BAIMChH JaHHbIE MOHUTOPUHIA COCTaBa BO3-
nyxa (3a niepuona 1993—2018 rr.), ocyliecTBJISIEMOTo
Ha TOR-cTaH1IMU, pacnoyioXXeHHOU B palioHe Tom-
ckoro Akagemropoaka. Ha ocHoBe cpemHeMeCSYHbIX
JIAaHHBIX YCTAaHOBJIEHO, YTO Y 030HA UMEETCS 3HAUU-
Masl MOJIOXKUTEJIbHAS WU OTpULIATE/IbHAS KOPPEISILIMS
MOYTHU CO BCEMU aHAIU3UPYEMbIMU METEOBEIMYMHA-
MM, 3a UCKJIIOUCHUEM HampaBjeHUsl BeTpa. Beicokue
3HAYEHUSs] OTPULIATENIBHOM CBSA3U KOHLIEHTPAIUU yIJjIe-
KHUCJIOTO Ta3a 3a(UKCUPOBAHEI C COHEeYHOU u YMD-B
panuaiiueii, TeMrnepaTypoii Bo3ayxa 1 yIpyrocTbio BO-
JISTHOTO Tapa. ¥ JUOKCHUIA a30Ta, MOMUMO TOJIOXKM-
TEJbHOM 3aBUCHMOCTU C aTMOC(EPHBIM JABJIEHUEM,
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dukcupyercs 1Be 3HAUMMBbIX OTPULIATEbHBIX CBS3U
C TeMIEPATypPOU BO3MyXa U CKOPOCTBHIO BETpa. ATMO-
cepHBIil a3p030J1b, TAKXKE KaK U Ta30BbI€ TIPUMECH
BO3MyXa, UMEET YCTOMUYMBYIO MOJOXUTEIBbHYIO CBI3b
C IaBJICHWEM BO3[IyXa U OTPULIATEIIbHBIE CBSI3U C COJI-
HeyHoi pammanuii, Y®-B paguanueii, TeMiepary-
poii Bo3myxa U yIIPYrocThblo BoasiHOro napa. He BbI-
SIBJIEHO 3HAYMMBIX CBSI3EM METEOBEJIIMYUHC TaKUMU
KoMIToHeHTaMmu kak SO,, CO u NO.

Astopamu [KorensHukos u ap., 2019] uccieno-
Bajlach BJIUSIHAE BOMTHOTO a’pO30JId Ha CoIAepKaHUe
030Ha B aTMOoc(hepHOM Bo3ayxe. B HaTypHBIX 3KcMe-
pUMEHTaX pe3Koe CHUXKEHHUE coaepXXaHUs O30Ha B
MpU3eMHOII aTMocdepe HaOIIOOAaI0Ch BO BpeMs
KpPaTKOBPEMEHHOTO JTUBHEBOTO AOXIS B MEraroJim-
ce. [Ipoliecc pasznoxeHUst 030HA B MPUCYTCTBUU BO-
Il ObUT TaKXKe U3YYeH B JIAOOPATOPHBIX YCIIOBUSIX B
peakLoHHO# Kamepe. [Toka3zaHo, 4TO pas3ioxkeHUe
030Ha B BO3AYyXE YCKOPSETCS IIPU BBICOKMX 3HAYEHU -
SIX OTHOCUTEJIbHOM BJIAXXHOCTH, a TaKXXe B MPUCYT-
CTBUM BOAHOTO aspos3osisi. CKOpOCTh IEeCTPYKIIUU
030HAa 3aBHCHUT OT pa3Mepa adpo30Jisl — YeM Meabue
YACTULbI, TEM BBILIIE CKOPOCTh Pa3JIOKEHUS. DTO MO-
>KeT CBUICTELCTBOBATD O CYIIECTBEHHOM POJIU TIPO-
LIECCOB FeTePOreHHOTO CBI3bIBAaHUS Ha TIOBEPXHOCTHU
asposossi. B [ApmmHoBa u np., 2019] Takoii ycToii-
YHUBOI1 B3aUMOCBSI3M He 0OHapyxkeHo. [IpoBeneHHOe
HcCleoBaHUe I10Ka3ajo, UYTO MpU aTMochepHbIX
ocaikax MOXKeT IIPOUCXOAUTh U pOCT U MaJIcHUE ITPU-
3e€MHOI1 KOHLIEHTpAallM 030HA HE3aBUCUMO OT UX BU-
Ja, UHTEHCUBHOCTU W paifoHa usMepeHuii. Hawn-
0oJIbllIMe M3MEHEHUSI CBSI3aHbl C (PPOHTATBLHBIMU
ocaJgKaMHM M OTpaxaloT “CKadyoK”’ KOHIEHTpaIWi
MPU CMeHEe BO3AYIIHBIX Macc. Bo BHYyTpMMacCOBBIX
ocaJKax 3HaK U3MEHEHUS COIepXKaHUsS 030HA 3aBU-
CUT OT TIepuoja CYTOK, B KOTOPBIII OHU BbINAIAJIH.
Ecnm ocagku HaOmomaroTCsT Ha BOJTHE POCTa B CYyTOY-
HoM xofe O3, To B OOJBIIMHCTBE CIIy9aeB 3TO IIPUBO-
JIUT K yBEJIMYEHUIO coaepkaHust o3oHa. Eciu ocagku
BBITIAIAI0T HA BOJIHE YMEHBIIIEHUSI B CYTOUHOM XOJIE,
TO PETUCTPUPYETCS NafAecHUE COAEPKaHUs 030HA.

B pa6ote [benan u ap., 2019] uccienoBaniachk poib
abCOJIIOTHOI BJIaXXHOCTU B 0OOpa3oBaHUM O30HA.
IIpoBeneHHbI aHAINU3 BBISBUJI HEUTPAJIbHYIO 3aBU-
CUMOCTbD TIPH TIOJIOXKUTEIBLHBIX TeMIlepaTypax U He-
OXHWJIaHHO OOJIbIIYI0 U 3HAKOMEPEMEHHYIO U3MEH-
YUBOCTb IIPU OTPULIATEIBHBIX TeMIlepaType. AOCO-
JIIOTHAsI BJIAXHOCTb OKa3bIBaeT OTpUILIATEJIbHBIC
BJIUSIHME HAa 0Opa3oBaHUE O30HA B MIPU3EMHOM CJIO€
BO3[yXa, BLI3bIBASI YMEHBIIEHUE €r0 KOHIEHTPpaIluu
npu temnepatypax 0...—30°C. IIpu odyeHb HU3KUX
temneparypax (<Huxe munyc 30°C), addext nzme-
HSIETCSI Ha TIOJIOKUTEIbHBINA, CO 3HAUUTEIIbHBIM YBE-
JINYEeHNEM BKJIaa aOCOJIIOTHOM BIaXKHOCTH.

Pabota [Khuriganova et al., 2022] mtocBsiieHa muc-
CJIEIIOBAHWIO POJIM COJTHEYHOM pamuainu B GoToXu-
MUYECKOI1 reHepaluu Npu3eMHoro o3oHa. CorjiacHo
MPEICTAaBIICHHBIM JaHHBIM, OHa HaYMHAETCS YTPOM
IIPY TOCTIDKEHUM MHTEHCUBHOCTH pamualny 6osee
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AHIPEEB u np.

200 Bt/M? ¥ IpoIoIKAETCA 10 TeX K€ 3HAUYEHUI Be-
YyepoMm, TT03TOMY MaKCUMYM 030Ha OOBIYHO 3ara3iabl-
BaeT M0 OTHOIIEHUIO K JHEBHOMY MaKCUMYyMYy COJI-
HEYHOM paauaiy Ha HECKOJIbKO YacoB.

Astopamu [Berezina et al., 2020, 2022] mpoaHau-
3upoBaHbl BKIag CO u 15 1eTydnx opraHu4ecKmx co-
ennHeHuit (JIOC) B oOpa3zoBaHUE 030HA B IIPU3EM-
HOM cioe Bosmyxa Jetom 2011—2013 rr. B Mockse.
HaubGonpiias koHueHtpauus O, HaOgonaizach B
JMHEBHbIE MEPUOIBI B AHTULIMKJIIOHUYECKUX METEOPO-
JIOTMYECKHX YCIIOBUSX, IPHU CIaboM IlepeMelInBa-
HUM TIOTPAaHUYHOTO CJI0si aTMOC(hEpbl M BBICOKMX
temreparypax (mo 210 mMxr/m?). Hanporus, conep-
xanue NO,, CO u 6eH3051a yMEHBIIAIOCH C 8 yTpa 10
17—18 yacoB Beuepa 1o MECTHOMY BpeMeHU. Brico-
Kas MOJOXHUTeNIbHasl Koppeasuust aHeBHoro O; co
propmuHbiMu JIOC moarBepania BaxXKHYIO poib (Go-
TOXMMHUYECKOro mpousBoiactBa O; B Mockse. Oc-
HOBHBIM HCTOYHMKOM aHTpororeHHbix JIOC B
MockBe OBLIM MECTHBIE BBIOPOCHI OT TPAHCIIOPTHBIX
cpencTB. TeM He MeHee, TOJIBKO OKOJIO 5% Habmoga-
€MOTr0 U30MpeHa ObIO OTHECEHO K aHTPOIOIT€HHEIM,
YTO CBUIETENIHCTBYET O 3HAYMTEIHbHOM BKJIale OMO-
TeHHBIX UCTOYHUKOB B O0OIIIME YPOBHU MPEKYPCOPOB
o3oHa. bruta nmpoBeneHa olleHKa BKJIaga pa3IMIHbBIX
aHTpoIrioreHHBIX 1 6moreHHBIX JIOC B m3MepeHHBIE
3HauYeHUsT o30HA. O30HOOOpa3yIoIIMii ITOTeHIIMA
(OI1) o6mero xonuuectBa JIOC cocTaBisii B cpeli-
HeM 31—67 mxr/m® u npesbiman 100 mxr/m® B 10%
COOBITUIL C BEICOKMM COAEPKaHUEM 030HA, JOCTUTAS
136 Mxr/M3. Takue ra3bl KaK auetanbiaerun, 1,3-0yra-
JIVE€H U U30ITPEH UMEIOT CaMbIii BBICOKUIA MOTEHIIU A
MPOM3BOACTBa 030HAa B MOCKBE IO CpaBHEHUIO C
npyrumu n3amepeHHbIMu JIOC.

B [Moiseenko et al., 2021] paccmaTpuBaioTcs
ycioBUsl 00pa3zoBaHus 030Ha BOM3K 300 M OalllHU B
3otuHo. Bricokue ypoBHu O; u NO, HabmogaroTcs
3IeCh B BO3Myxe, IOCTYIAIOMIEM M3 IPOMBIIIUICHHBIX
paiioHoB 3amnagHoit Cubupu u YpajlbCKUX rop, TOraa
KaK (D)OHOBBIIT BO3MyX HOCTYIAET U3 OTIAJICHHBIX paiio-
HoB CeBepHoii EBpa3uu B ripenesax 55°—70° ceBepHoii
UpOThl. O30H B KOHTMHEHTAJIBHOM BO3IyXe UMeEEeT
OTYET/IMBBIII MaKCUMYM B ampeie, KaK U B CPEIHUX
mmpoT CeBepHOro Imoyirapus. BecHoii 1 B Havyaje je-
Ta B >KapKUX MOTOMHBIX YCJIOBUSIX PETMOHAJIbHbIC aH-
TPONOIeHHBIE 1 BBIOPOCHI JICCHBIX IT0KAPOB SIBJISTFOTCS
BaXXHBIM UCTOYHUKOM O30HA B KOHTMHEHTAJIbHOM IIO-
IPAaHUYHOM CJIO€ HaJl IOXKHOU U lLieHTpajbHOI Cuou-
pbio. B TeueHre ocraBlieiics YacTu rofa lieHTpaIbHas
CesepHas EBpasus mipeacrapisieT co00i ITOIIOTUTETb
TpoIiocepHOro 030Ha B MacIlITadax mojyiiapusl.

OCHOBBIBasICh Ha MaCIITAOHBIX U3MEPEHUSIX 030-
Ha ¥ KOMITOHEHT ero uukia, B [Thorp et al., 2021]
OLIEHMBAETCS BIMSHUE ABYX TOMUHUPYIOLIUX CEKTO-
POB aHTPOMNOTeHHBIX BHIOPOCOB (TPAHCIIOPT U SHEP-
reTvka) U pacTUTEIbHBIX MOXapoB Ha MpPU3eMHbIE
koHuUeHTpauuu NO, u O; Hag Cubupblo U poccuii-
ckoil Apktukoii. ITomydeHHBIE pe3ybTaThl TOBOPSIT
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0 TOM, 4YTO PETMOHAJIbHbBII 030H O0JIee YyBCTBUTEICH
K aHTPOIOIeHHBIM BBEIOpOCAaM, OCOOEHHO B TpaHC-
MMOPTHOM CEKTOpPE, W BKJa BHIOPOCOB OT IMOXKAapOB
HabI0JaeTCs B MIOHE U B 3HAYUTEIBLHOI CTEIEHU
OrpaHWYEH IUpOoTaMU K 1ory ot 60° c.ur.. Bosneii-
CTBHUE MOXKApPOB Ha CyXOe OCaXIeHNE 030HA B Mpee-
JIaX PerMoHa HEBEJIWKO MO CPAaBHEHUIO C aHTPOIIO-
TeHHBIMU BBIOpOCAMU U HE3HAYMUTEIBHO K CEBEPY OT
60° c.1. DTU pe3ynbTaThl CBUAETEIBCTBYIOT O TOM,
YTO MPU3EMHBIA 030H B PETMOHE KOHTPOJIUPYETCS
B3aMMOIEMCTBUEM MEXIY CE30HHOCTBIO B MOIEIISIX
atMoc¢epHOro mnepeHoca, CyXuM OCaXKIeHUEM Ha
PACTUTEILHOCTA M JTOMWHHMPOBAHUEM BBIOPOCOB B
TPaHCIIOPTHOM U SHEPreTUYECKOM CEKTOpaX.

Pa6ora xonnexktuBa aBTOpoB [Pakutun u ap.,
2021] mocBsIeHa UCCASIOBAaHUIO TOJITOBPEMEHHOMN
M3MeHUYMBOCTU oO1ero coxepxanus (OC) okcuma
yIjepoja, Kak OIHOIO 13 MPEeKypCOpPOB 0O30HA U Me-
TeornapaMeTpoB. B Heil Takke MOJTydeHbl XapaKTepu-
CTUKM HAKOIUICHUS B IITWIEBbIE JHU B TOTPAHUYHOM
cioe atMocdepsl oKcuaa yriiepoaa B MOCKOBCKOM Me-
raroJjce. YCTaHOBJIEHO yObIBAHUE CPETHETONOBBIX BE-
ymand OC CO B 2000—2018 rr. B Mockse (—2.56 £
+0.52%/rom) u va BHC (—1.15 £ 0.37%/ron). OnHako
CKOpOCTb YObIBaHUS B 000X ITyHKTaX B pa3HbIe ce-
30HBI U Tiepuoanl paziauyHa. [Tocine 2007—2008 .
ckopocTthb yoriBaHusst OC CO yMeHbIIMIaCch B 000UX
nyHakTax. B mepmnon 2008—2018 rr. Ha 3HC 3adpukcn-
poBaH poct OC CO B 1eTHUE U OCEHHUE MECSIIBI CO
ckopocThio okosio 0.7%/ron. HaGmromaeTcst yBesu-
yeHHe CKOPOCTU BeTpa B aTMOC(HEPHOM MOTrpaHUY-
HOM citioe MockBBI B pa3Hbie Tteproanl 2000—2018 .
co ckopoctbio 0.4—1.6%/ron. Ilpu stom B Kamyx-
CKOI 00JIacTU He OOHApPY>KeHO CTaTUCTUYECKU 3Ha-
YUMBIX ee M3MeHeHMii. [ToBTopsieMOCTh IITUIEBBIX
nHeit B Mockse B nepuog 2006—2017 rr. cHUXKajiach
(=7.06 £ 3.96%/rom) Ipu yMeHBIIIEHUN aHTPOIIO-
reHHoit yactu cogepxaHusi CO B 3TOT Xe Mepuon
(—6.72 * 3.48%/rom). IlomydyeHHble pe3yIbTaThI
CBUIETEJIBCTBYIOT O BIIMSTHUU KJIIMMaTH4YECKOTO (Me-
TEOPOJIOTMYECKUX) (PaKTOPOB Ha KAYECTBO BO3AyXa B
MockBe, BKIIO4asi O30H.

B pa6ore [Zayakhanov et al., 2019] usy4danocs cy-
X0e ocaxieHne o30Ha B [1pnbaifkaqbCKOM peTHoHe.
Ha ocHoBe MeTona BUXpeBOii KOBapualluM U Tpaau-
€HTHBIX, BKJIIOUYasi METOM adpOJIUHAMUYECKOTO Ipa-
IWeHTa, MOMMMUIIMPOBaHHBIN MeTon boysHa u Me-
TOI MOIVU(HUIIMPOBAHHOTO TpagueHTa, ONMpPasiCh Ha
9KCIIepUMEHTaIbHbIE TaHHbIC, ObLIN MOJYyYEHBI IS
pa3IuYHBIX cpef (J1yra, Jiec) KOJIMUYeCTBEHHBIC OLICH-
KW TTOTOKOB M CYXOT'O OCaXXIEeHMST 030Ha Ha TOICTH-
Jarolei moBepxHocTu. CpemHue 3HAYeHUST CKOPO-
CTH CyXOT0 ocaxkaeHus o30Ha 6butn paBHbI 0.37 cMm/c
B HouHOe Bpems (0—3 1) u 0.91 cM/c B THEBHBIC YaCHI
(12—18 u). ITotok o30Ha cocTtasusut 0.24 Mkr M2 ¢!
Houblo U 0.72 Mxr M2 ¢~' gHem. KonnyecTBeHHBIE
OLICHKU TOKa3bIBAIOT 00Jiee BHICOKYIO TTOIIOTUTEb-
HYIO CITOCOOHOCTD JIECOB 10 CPABHEHUIO C MOYBCH-
HOI pacTUTEIbHOCTBIO.
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HenenpHbIN LIMKIT 1 BAUSTHUE BBIXOMHBIX THEM Ha
koHUeHTpauuu O;, NO, NO,, CO, CH,, SO,,
NMHC u PM10 6111 ucciaenoBaHbl B MOCKOBCKOM
METaMoJINCe C UCITOJIb30BaHUEM HATYPHBIX U3MEpe-
Huii ¢ 1 saBaps 2005 1. mo 31 nexadbps 2014 r. Ha 49
cTaHIUSIX MOCKOBCKOM CETM MOHUTOPUHTA OKpPYXKa-
rouieit cpenbl [Elansky et al., 2019]. CyTo4HBII LMK
O; xapakTepeH 1Jis1 KpYITHbIX TOpo1oB. B OynHue nHU
ero mpeapaccBeTHass MUHUMaJIbHasl KOHLICHTpaLIUs
Haomonaetca B 7:30, a MakcnManpHast — B 15:00—
16:00. B BhIXOmHbBIE AHU IIPEAPACCBETHBIIA MUHUMYM
OTCYTCTBYET, TaK KaK B 3TO BpeMsl CHUKEHHBIEC BbI-
6pocel NO Ha goporax ocaa0JIsIIoT pa3pylIeHnue 030-
HOBOTO cJios1. CyTouHBIe KOJIcOaHMS KOHIICHTPAIINiA
CO, NO,, NMHC u PM10 3aBucsT rmaBHbIM 0Opa-
30M OT BEIOPOCOB aBTOTPAHCIIOPTA U BEPTUKAJILHOM
cTpaTu(UKALIMM OTPAHUYHOIO CJIOSI aTMOCGEPEL.
XapakTepHOli 0OCOOEHHOCTBIO MOCKBEHI SIBJISIETCS
COBHNAJEHUE YAaCOB ITMK II0 BpEMEHU M WHBEPCUSI
TeMIIepaTyphl IOBEPXHOCTH B XOJIOMHOE BpeM:I roaa,
YTO IIPUBOIUT K HAKOIUJICHUIO 3arpsI3HSIOLIMX Be-
IIECTB B IPU3EMHOM cJioe aTMocdephl. Beto o6Ha-
PYXEHO, 4TO MpHU3eMHbIC KOHIIEHTPALIUM 3arpsi3Hs-
IOIIMX BEILIECTB (3a UCKJIIOYEHUEM O30Ha U MEeTaHa)
CHMZKAIOTCS 110 BBIXOOHBIM. bymHuii neHb (BTOp-
HUK—ISITHULIA)-BOCKPECEHbE pa3Inunsd B THEBHBIX
koHueHTpauusx (08:00—22:00 LT) NO, NO,, CO,
SO,, NMHC u PM10 oTHOCUTEILHO KOHLIEHTPALUIA
B OyOHUIT NeHb, YCPEOHEHHBIX 110 BCEM CTaHLIMSIM 3a
2005—2014 rr., cocrtaBmm 23.9 + 5.8, 16.7 = 2.8,
13.6 £3.3,7.6+6.5,6.3+2.2u14.5+ 5.1% cootBeT-
ctBeHHO. KoHIIeHTpalisl 030HA YBEJINYMIACh B BOC-
KpeceHbe Ha 16.5 + 4.8%. KoHlleHTpaunst MeTaHa B
BBIXOIHbIE ObLIa TAKOM XKe, KaK U B OynHUe THU. Bo3-
JleiicTBHE BBIXOIHBIX JHEIl Ha BCe KOHLIEHTpALIUU 3a-
TPSIBHSIIONINX BEIIECTB OBIIIO OCadJieHO B IIpeaesiax
3eJIeHO 30HbI BOKPYT MocCKBbI. B pa3HbIX cekTopax
MoCKBHBI BO3ICHCTBUE 3arPSI3HSIOIINX BEIIECTB B BbI-
XOIHbIE THU, 32 UcKIoueHueM SO,, ObLJI0 MPUMEPHO
OIMHAKOBBIMU. BepTHKajbHasi CTPYKTYpa BBIXOIHBIX
abdektoB NO, NO, u CO 6bU1a DpoaHATU3UPOBaHA
Ha OCHOBE JaHHBIX, OJIYYECHHBIX B PE3y/IbTaTe U3Me-
peHuit Ha TenebamnrHe BeicoToi 500 M. DT 3(pdeKThI
BBIXOIHOTO JHSI HEJTMHEWHO YMEHBIIIAIUCH C BHICOTOI.
O1eHKY, MOIyYEeHHbIE IUISI OCHOBHBIX KPUTEPUEB aK-
TUBHOCTU (hOTOXUMUYECKUX TMTPOLIECCOB, OMPEALIISIIO-
KX (GOpMUPOBAaHUE HEACTbHOIO LIUKJIA U BIUSIHUE
030Ha B BbIXOAHbIe OHU (oTHoweHue NMHC/NO,,
JIOJIsl TIOTePh PAIUKAJIOB B PE3Y/IbTAaTe XMMUYECKOTO
BozaeictBus NO,, koHueHTpauus O,), oKa3bIBaloT,
YTO XMMMYCSCKUI COCTAaB C OrpaHUYEHHBIM COIepXKa-
aneM JIOC xapakrepeH mist MOCKBEHI.

1.4. Anomanuu
U SKCmMpemanvHble coobimus

HecoMHeHHO, 3KCTpeMaJIbHBIM COOBITMEM B pac-
CMaTpUBAaEMBI ITIepPUO, SBUJIACH HaHAEMUsSI KOPOHA-
Bupyca COVID-19. B [Skorokhod et al., 2022] 6bu11
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WCClIemoBaHbl M3MEHEHUsI cocTaBa aTMochepsl B
pasznabie iepronsl 2020 1. B MockBe, CBI3aHHBIE C M-
PONIPUATUSAMU TIO TIPEIOTBPANICHUIO TIAHIAEMUU U
COOTBETCTBYIOIIMM YMEHBIIIEHUEM BBIOPOCOB 3a-
IpsI3HSIONIMX BelecTB. [Ipu3eMHbIe KOHIIEHTpaIUun
nuokcuaa azora NO,, okcuna yriaepoaa CO, o3o0Ha
O3, aspososbHOl dpakimu PM10 u meteoposoruye-
CKHe TapaMeTphbl B pasHble nepuobl 2020 r. cornocran-
JIEHBI ¢ aHAJIOTHYHBIMU JaHHBIMU 3a 5 TIPEIIIeCTBYIO-
WX JIeT. AHAJIM3 TAaHHBIX Ha3eMHBIX WU3MEpeHMit, a
TaKXe CIIYTHUKOBBIX TAHHBIX BEICOKOTO Pa3peIIeHUS O
pacnpeneneHu CO u NO, CBUIETENBCTBYET O TOM,
YTO Ha colepXaHWe OCHOBHBIX 3arpsi3HSIONINX Be-
IIECTB M €r0 NPOCTPAHCTBEHHOE paclpeicieHue B
MOCKOBCKOM pervoHe CyIIeCTBEHHO MOBIUSIIN KaK
OrpaHUYMTEIbHBIE MEPBI, TAK U aHOMAJIbHBIE METEO-
poJiornueckue ycioBust 2020 r.

B [CtenanoB u ap., 2022] npeacraBieHbl pe3yib-
TaThbl MOHUTOPUHTA ITIPU3EMHOTO 030HA B aTMOcdepe
Mockssi B 2020 1 2021 IT. B yCIOBUSIX CTPOTHUX Orpa-
HUYeHUH, CBsI3aHHBIX ¢ naHaemueit COVID-19. Btu
JIBa TOJla CYIIECTBEHHO Pa3InYaiiCh METEOPOIOTH-
YEeCKMMHU YCIOBUSIMU M YPOBHEM AaHTPOITOTEHHOI
Harpy3km Ha okpyxarinyio cpeay. B 2020 r. B
MockBe HaOaOAaJICSI OTHOCUTEIbHO HM3KMIA IS
MeraroJjiica ypoBeHb MNPU3EMHBIX KOHIIEHTpaluii
O,. CpeaHeronoBoe 3Ha4eHUE COCTABUIIO 28 MKT/M>,

a MaKCUMaJIbHOE 3a rof, — 185 MKr/M3. DTO 00yCI10B-
JIEHO COYETAHUEM OTHOCHUTENIbHO IIPOXJIATHOI JIeT-
HEM ITOroabl C HU3KUM COJIepKaHUEeM 3arps3HsIOIINX
BeIeCcTB B aTMochepHoM Bosayxe. Jletom 2021 1. Ha-
OJIIOIaINCh BOJIHBI CUJIBHOM Kaphl B YCIOBUSIX OJIO-
KUPYIOILIETO0 aHTULIMKIIOHA, JTHEBHBIE TeMIIEpaTyphl
nomHuManuch 1o 35°C. B coueTanuu ¢ 60see BbICOKOM
3arpsI3HEHHOCTBIO aTMOC(EPHOIO BO3AyXa 3TO CTajIo
TMPUYUHON HEOOBIYHO BHICOKMX KOHIIeHTparwmii O;.

CpenHeronoBoe 3HayeHue cocTaBwio 48 mxr/m?, a
MaKCUMaJIbHOE rofnoBoe — 482 Mkr/m>.

IIpu sToMm, B cpenHeit monoce Poccum BecHoit
2020 1. 3acdmkcupoBaHBI aHOMAaJbHO HW3KHWE KOH-
LEeHTpallMu O30Ha B Mpu3eMHOIl atMocdepe [Ko-
TEeJILHUKOB U Ap., 2021]. OOBbIYHBIN A1 BECHBI POCT
colepKaHusI 030Ha, 0OYCIOBJIEHHBIN CE30HHBIM MO-
BBILIIEHWEM TeMIepaTypbl M OCBEIIEHHOCTH, CMe-
HUJICSI MOHOTOHHBIM TMaJeHUEM. YCpeIHEHHbIe 3a
Mecs1l MaKCUMaJIbHbIE CyTOYHbIe 3HAUEHUSI HaOJII0-
JaeMbix BelmunH B ampene 2020 r. 6butn B 3 pasa
MEHbIIIe BEJINUMH, 3a(PUKCUPOBAHHBIX B 3TO XK€ Bpe-
Msa B 2019 r. HaGaronanoch Kak CHMXXEHUE PETHO-
HaJIbHBIX POHOBBIX KOHIIEHTPAlIUiA 030HA B TPHU3EM-
HOM aTMocdepe, TaK 1 yMeHbIIIeHMe MHTEHCUBHOCTU
doToxumuueckoro ero oopazosanusi. Haubosnee Be-
POSITHOM NMPUYMHON HaOJI0AABIIETOCs SIBJICHUS aB-
TOPBI CYUTAIOT YMEHbIIIEHNE BLIOPOCOB B aTMOCheEpY
npoaykToB ropenusi B Kurae, EBpone m Poccuu,
00yCJIOBJIEHHOE BBEAEHNEM OCOOBIX PEKMMOB B CBSI-
3u ¢ nanaemueit COVID-19.
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1.5. Moodeauposarnue npoyeccoe obpazosanus
u mpancghopmayuu I1KO

B pa6orax [IllTabkuH u np., 2019, 2020a, 20200]
MPOBENECHbI pacyeThl YyBCTBUTEIbLHOCTU Mo O3 K
BEJIMYMHAM CYMMAapPHBIX SMUCCHIT TIpeIIIeCTBEeHHH -
KOB 030HA C TIOMOIIBIO T1I00aJIbHOM TPAHCTIOPTHO-XU-
mudeckoit monenu GEOS-Chem c ucrnonb3oBaHuEM
6a3 ga"HHbIX 110 aHTporioreHHEIM (EDGAR) 1 6uoreH-
HeiM (MEGAN, GFED) samuccusim 3a 2007—2012 1r.
C MpUMEHEeHUEM peayKIIMOHHOro moaxona. [Momyue-
HBI TIOAPOOHBIE KOJIMYECTBEHHbIC OLIEHKW BIUSITHUS
OTHENBbHBIX (PAKTOPOB, ONMpPEHCSIONINX CE30HHbIE
Bapualuy MPU3eMHOTO coAepXaHusl o30Ha B LleH-
TpaiabHOil Cubupu. KonudecTBeHHasl OlleHKa aH-
TPOITOTEHHOTO U OMOTeHHOTO CUTHAJIOB B UBMEPEH-
HBIX KOHLIeHTpauusix O; mpoBefeHa ¢ UCT0Ib30Ba-
HUEM II00aIbHOM XMMUKO-TPAHCIIOPTHOM MOIEN
GEOSChem ¢ ygeToM BCeX OCHOBHBIX NCTOUHHNKOB 1
CTOKOB JJaHHOTO coenuHeHus1. MicciienoBaHo BiavsIHIE
KJIMMATUYECKU 3HAYMMBIX PErMOHAIbHBIX MCTOYHU-
KoB amuccuit okucios azora (NO,=NO + NO,), COu
OMOTEHHBIX JIETYYMX OPraHUYEeCKUX COeTUHEHUt
(JIOC) Ha GOTOXMMHUYECKYIO TeHEPALINIO IPU3EMHO-
ro o3oHa (O;) B pernoHax EBponbl u Cubupu. I[Momny-
YeHO, YTO BeJIWYMHA (POTOXMMHYECKON HapaOOTKM
030Ha B JIETHUE MECSILIbI XOPOIIIO KOPPEIUPYET C BO3-
pacToM BO3OYIIHON MAacCHI, YCTAaHABIMBAEMBIM IIO
OTHOIICHUIO K CYMMapHOMY pEakKTUBHOMY a3oTy,
MpU CpeaHeM BKJajge pPEeruoHaIbHBIX HMCTOUYHUKOB
~10—15 wupn~!. TlomydeHHBIE KOJIMYECTBEHHBIE
OLIEHKY BEJIWYUHBI 3¢((HEKTUBHOCTH MPOU3BOACTBA
HaXOISATCS B XOPOIIEM COOTBETCTBMM C BBIBOHAMU
doToxuMUUecKoii Teopuu TPOIMoc(hepHOro o30Ha
JIJIsI YCIIOBUI ¢JTab0 3arpsiI3HEHHOIO BO3IyXa.

Paboter [Berezina et al., 2019; Safronov et al.,
2019] mocBsiIeHbl OLIEHKE OTHOCUTEIbHOI BaxKHO-
CTH M30IpeHa U MOHOTEPIICHOB B (hOPMUPOBAHUU
MIPU3EMHOIO O30HAa B POCCUMCKHUX TOpodax BIOJb
Tpanccubupckoit Mmaructpanu. s 3Toro OB pac-
CUMTaH NOTEHIMAJ ero (popMUpOBaHUS B JHEBHOE
BpeMst (ODII). Pacuernbie ODPII o n3omnpeHy 1 Mo-
HOTeprneHaM BIoJAb TpaHCCMOMPCKON Marmcrpaiu
COCTABJISAIOT B cpenHeM 15+ 13 u 18 + 25 mutpn—! 030-
Ha, COOTBETCTBEHHO. B OOJBIIMHCTBE TOPOIOB BIOIb
TpaHccuOupcKoit MarucTpaau, Iae Habaogazach
BbIcOKast KoHueHTpauus NO, (10—20 mipn~!') Haps-
Iy C BLICOKUMH JHEBHBIMU TemIieparypamu (>25°C),
OCHOBHOI1 BKJIaa B (popMUpOBaHUE TPOIochepHOro
030HA BHECJIM MOHOTepHeHbI. TOJIBKO B JaJIbHEBO-
CTOYHBIX TOpOJaX, INe IIPOM3pacTaeT KPYITHEHIIAas
JIMCTBEHHAsI PacTUTEIbHOCTh TpaHCCMOMPCKOI Ma-
TUCTpajiy, U30MpPEH Urpaj IJIaBHYIO Pojb B (hopMU-
pOBaHUU TPOIIOC(hEepPHOTO O30HA.

ITo uaMepeHusIM KOHIEHTpaluii 030Ha U OKCU-
IoB azora Ha BeicoTHOM Maute ZOTTO (Zotino Tall
Tower Observatory) B LleHTpanbHoit Cubupu rpose-
JIEHBI OLIEHKU cKopocTel reHepaiuu (P u paspyiie-
Hudg (L) o30Ha, a TakKe comepsKaHUsI TTePOKCUIHBIX
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pamukanoB (OX) ¢ ucrojib3oBaHHEM (POTOCTAILIMO-
HapHoro npuomokeHus [Mowuceenko u ap., 2019,
2022]. MakcuMyMbl CYyTOYHOTO XO/Ia paccMaTpUBae-
MBIX BEJIMUYMH TIpuUxonsTcsa Ha mepuon ¢ 11:00 mo
15:00 MECTHOTO BPEMEHM M COCTABJISIOT ~6 MiIpa~!/4
(P), 1.4 mupn~! /a4 (L) u 115 Tpna~! (OX]). B nnamna-
30HEe M3MEepeHHbIX KoHUeHTpauuit NO, ot 0.2 no
0.8 Mipn~!' MMeeT MecTO JIMHEHHAsA 3aBUCUMOCTH P
ot [NO,], cooTBeTcTBy1011asd NO,-TUMUTUPYIOILLIEMY
MPOM3BOJICTBY 030HA, ¢ KO3(POHUIIMEHTOM MPOIIOp-
uuoHanbHocTh P (05)/[NO,] ~ 13 (Mapa~!/49)/mmpn!.
Bricokoe coneprkaHue IepoOKCUIHBIX PaguKalIoOB Ha-
psiny ¢ yciaoBueM P > L cBumeTenbCcTBYeT O mpoliec-
cax MHTEHCUBHOTIO OKMCJICHUSI OMOTeHHBIX JIETYUYnX
OpraHMYeCcKUX COEAMHEHUN U (POTOXUMUYECKOU re-
Hepauuu o30Ha. [lojlydeHHBIE OLIEHKM BBISIBISIIOT
3HAYUMYIO POJIb PErMOHANIbHBIX d3Muccuil NO, B 0a-
JIJaHCEe TPU3EMHOr0 O030HAa U HEOOXOAMMOCTbH yyeTa
JIaHHOTO (pakTOpa MPHU IMIPOTrHO3UPOBAHUN IKOJIOTU-
YeCKMX PUCKOB B permoHax Cubupu, TpaauruOHHO
OTHOCSIIUXCS K 9KOJOTUYECKU YMCTHIM.

B cepum myonmkanmii [ Borovski et al., 2019, 2020;
Postylyakov et al., 2020; IToromapes u ap., 2020] uc-
clieyeTcs corjacue pe3yabTaToB XMMUYeCKU-TpaHC-
noptHoro monaenaupoBaHuss NO, ¢ UCMOJIb30BAHUEM
mopeneit SILAM 1 COSMO-ART B MOCKOBCKOM pe-
ruoHe u usmepeHussMu MetogoM JOAC. B pabGorte
[TToHOMapesB u ap., 2020] Ha OCHOBE CpaBHEHU I MO-
NeIMPOBaHUs ¢ HabJIIogaeMbIMU MMPU3EMHBIMU KOH-
ueHtpauusmu u WC, onpenensieMbiIMd METOIOM
JOAC, mpemioxeHbl KOPPEKTHUPOBKM IIPOCTpPaH-
CTBEHHOTO paclpee/ieHUsI U MOIIHOCTU MCTOYHU-
KOB B I. MOCKBE C LIEJbIO YIY4llI€eHUS MOIEIbHBIX
OLIEHOK KauecTBa Bo3ayxa B MocKBe.

Pa6otsl [IToHomapes u ap., 2019; Elansky et al.,
2020; Ponomarev et al., 2021; JIokoleHKO W 1p.,
2021; Zakharova et al., 2022; Enanckuii u np., 2022]
OBLIM MOCBSIIECHBI YTOYHEHHMIO MCTOYHUKOB SMMC-
cHii mpeKypcopoB oOpa3oBaHUsI 030HAa. JIJist onTUMM -
3allMd IPOCTPAHCTBEHHOIO paclpeneaeHUsT UCTOU-
HUKOB M BEJIWYMHBI SMUCCUL B MOCKOBCKOM Mera-
MoJIMCe TMPOBENCHbI BBIYMCICHMS MOJeil O30Ha U
JIPYTUX MPUMECEN 1JIs1 JIETHETO U 3MMHEro MecsIiieB
MO0 XWMHKO-TPaHCIIOPTHBIM MoneiasMm SILAM n
COSMO-ART c ucnoyb3oBaHMEM KaK paCCUYNTAHHBIX,
TaK 1 B3SIThIX U3 0a3bl JaHHBIX UHBeHTapu3auuu TNO
smuccuii. CpaBHeHUE TaHHBIX HAOIIONESHUI, TTOJTyJYeH-
HbIX B MOCKOBCKOI CETH 3KOJIOTMYECKOIO MOHUTO-
punra (M®M), ¢ pesynbTaTaMy YMCJICHHOIO MOJIE-
JIMPOBAaHUSI Ha OCHOBE WCITOJb30BaHUSI XUMMKO-
TpaHcnoptHoii Mmogmenu SILAM 1mokaszajno, d4To
OIMOKY IIPU OINpeaeICHNN KOHIIEHTpauid 030HA U
JIPYT'UX BEIIECTB B TOpOACKOI aTMOcdepe nMeroT 60-
Jiee CJIOKHYIO CTPYKTYpY, UeM Te, KOTOpbIe TIpearno-
JlaraloTcs IIPU KUCHOJIb30BAHUM OOBIYHBIX aJTOPUT-
MOB aCCUMWWISILIMY TaHHBIX.

B ®I'BY “Tuapomeruentp Poccun” mpoBonasitcs
paboThl MO CO3IaHUIO U YCOBEPIIIEHCTBOBAHUIO TEX-
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HOJIOTMW MTPOTHO3UPOBAHUSI KOHLIEHTPALIM 3arpsi3-
HSIIOIIMX BEIIECTB Ha OCHOBE XMMMWYECKHX TpaHC-
nmopTHBIX Mopesneit (XTM), Bkimtodast o30H [Ky3He-
HoBau 1p., 2022; Haxaes u ap., 2021]. Ha HauaapHOM
aTarie Oblia peain30BaHa TEXHOJIOTUS PACUETOB C UC-
MOJIb30BAaHUEM XUMUYECKOU MOJEIU OTKPBITOTO 10~
cryna CHIMERE c¢ ycBoeHuMeM OaHHBIX MOJIEIU
WRF-ARW. Ha cnenyionieM 3tamne OpraHu3oBaHO
obecmnieuyenue pacyetoB 1o X ITM CHIMERE panusi-
MU yuciaeHHoi Mogenu atmocdepsl COSMO-Ru07,
YTO MO3BOJIMUIJIO 00ECNEYNTh YCTOMYMBOCTh U OTlepa-
TUBHOCTb cueTa. biiarogaps BbIYMCIMUTEIBHONH MO-
JNIEpHU3ALIMU 1 Pa3BUTHIO YMCIEHHOU MOJIEIU aTMO-
cepbl CerofHsi B 9KCMEPUMEHTATIbHOM peXUMe 10
XTM CHIMERE-COSMO-Ru2,2 nnpoBoasTcs pac-
YeThl OJIEM KOHLEHTpaLMi 3arps3HSIOIUX BELIECTB
JUJTS 4acTu LIEHTpaJIbHO-eBpornelickoro pernoHa Poc-
cuu (36.6—44.2° B.o. u 55.1-56.5° c.m1.). Takke Ha
CETKe C TOPU3OHTAIBHBIM IIIarom 2 KM 1j1s1 MOCKOB-
CKOI'0o permoHa BBIMOJIHAIOTCS pacdyeThl XTM COS-
MO-Ru2.2-ART (COnsortium for Small-scaleMOd-
ellling). Cneunduyeckoii ocooeHHocThI0 COSMO-
Ru2.2-ART (B otinune ot XTM CHIMERE) siBiisi-
€TCSl COBMECTHBIN pacuyeT MeTEOPOJOTNYECKUX BET-
YUH U XUMUYECKUX MPEO0Opa30BaHU I HA KaXKIOM I11a-
re Mo BpeMEeHU, UYTO MO3BOJISIET YUYUThIBATH OOpaTHOE
BJIMSIHUE a3p030Jieii U ra30B Ha paaualiMOHHbIE TPO-
1IECChl U METEOPOJIOTUYECKUI peXUM aTMOCheEpHI.
BaxHeiilium 3BeHOM (byHKIIMOHUPYIOLIE aBTOMa-
TU3UPOBAHHOW TEXHOJIOTUM MPOTHO3UPOBAHUS Ka-
yecTBa Bo3ayxa Ha ocHoBe AByx XIM CHIMERE-
COSMO-Ru2,2 1 COSMO-Ru2.2-ART sasnsieTcst
BepudurKaLus MoAeel Mo JTaHHBIM HaOIIOAeHU 3a
3arpsisHeHueM. Bepudukaiiys mokasajia 3aBblllIeHUE
koHueHTpauuii XTM CHIMERE u ux 3anuxkeHue
COSMO-ART; 06e XTM mnpenmyIiecTBEHHO HEIO0-
OLIEHMBAIOT 3arps3HeHUE Ha TEePPUTOPUSIX TpaHC-
nmopTHoro Tuna. KoadduimeHnt koppensuuu (R)
MEXIy MOJACIbHBIMU W U3MEPEHHBIMU CPEIHUMHU
koHneHTparusamMu NO, u CO cocrasmr 0.6—0.7, o
pacuetam KoHueHTpauuu O; XTM CHIMERE R =
=0.7—-0.8, COSMO- Ru2ART R = 0.4—0.5. Brisis-
JieHa ce30HHasi U3MEHYMBOCTb MOJIEJIbHBIX OTKJIOHE-
HUH cCO CMEHOU 3HaKa I KaxKI0U MOIEN N KaXKI0-
r'O 3arpsI3HSIONIETO BelllecTBa; HaubOobIIINe MOJIEb-
Hble OTKJIOHEHUsI HaOJIOdaluCh MPU aHOMAaJIbHBIX
MOTOMHBIX YCJIOBUSIX — BO BpEMSI BOJIH Xaphl JIETOM U
MpU aJBEKIIUM 3aMbIJIEHHOTO BO3/1yXa BecHOM. C yue-
TOM YCTAHOBJIEHHBIX MOJEbHBIX OLIMOOK KaxKAoM
XTM chopmMyarupoBaHbl pEKOMEHIALIAM JJISI COCTaB-
JIEHUSI OMNEPATUBHOIO KOHCOJUAWPOBAHHOIO IMPO-
rHO3a C UCINOJIb30BaHWEM KOMIUJIEKCUPOBAHMS pac-
yeToB AByX XTM.

1.6. O30n u 300poswe

VBenuueHne comep:KaHUS O30HA B IIPU3EMHOM
BO31yXe, 00YCIOBJICHHOE U3MEHEHUSIMU [100ATIbHO -
ro KJIMMaTa 1 POCTOM 3arpsi3HeHMUs1 aTMocdephl, MO-
KET MPUBOIUTH K ITOBBIIICHUIO 3a00JIEBAEMOCTU U
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CMEPTHOCTH HaceJieHnus1. ABTopaMu [ KoTeTbHMKOB 1
Iap., 2019] ucciaengoBaHa CBsI3b aHOMAJILHO BBICOKMX
ITKO B r. MockBa ¢ 3a001€Ba€MOCTbIO U CMEPTHO-
CTBIO B Pa3JIMUYHBIX BO3PACTHBIX I'PYIIIax HaCeJICHUS
netoM 2010 T. 1 ¢ 9ACTOTOM CepIeYHO-COCYIUCTHIX
3200JIeBaHUII U CMEPTHOCTHIO B MaJIOypOaHU3UPO-
BaHHOM paifoHe Ha 1ore KupoBckoit o61actu. [Toka-
3aHO, YTOB I'pyMIIax MY>KUYMH 1 XEHIIMH B BO3pacTe
31—60 jieT ¥ cTapiiue HaOJI0IAETCs CTATUCTUYECKU
JIOCTOBEPHAsI CBSI3b, @ B COOTBETCTBYIOIIIMX BO3PaCT-
HbIX rpynmnax 15—30 jget Takas cBsi3b OTCyTCTBYET. Ha
tore KrupoBckoii 001. mpu MPEBBIIIICHUN CPETHECY-
TOYHOI IIpedebHO HOMIYCTUMOI KOHLIEHTpallnuu
o3zoHa (ITJIKcc) B TeueHE HECKOIBKMX CYyTOK JIOCTO-
BEPHO yBEJIMYMJIACh YacCTOTa BbI3OBOB OpuTral CKO-
pOii MOMOIIM, CBSI3aHHBIX C CEPACYHO-COCYIUCTHIMU
3a00icBaHMSIMU. DTO IIOATBEpXKIaeT OOOCHOBAH-
HOCTb YCTaHOBJICHHUSI OTEUYECTBEHHOIO CTaHIapTa
M IKcc mig o3oHa pasHOro 30 MKr/m>.

Onu ke npenmnoyioxwin [MBamkux u ap., 2020],
yro B riepuon COVID-19 nipu monagaHum ¢ BObIXae-
MbIM BO3IYXOM B OPTaHU3M O30H MOXKET MaryoHO Jeii-
CTBOBaTh Ha OCHOBHBIEC CHUCTEMbI OpraHU3Ma — Cep-
JIEYHO-COCYIUCTYIO, HEPBHYIO, PECIIMPATOPHYIO U
MMMYHHYIO. B yacTHOCTH, KaK CUIbHBIN OKUCIUTEND,
OH BBI3BIBAET 00pa3oBaHUeE B PECIIUPATOPHOM TPAKTE
CBOOOMHBIX paguKajaoB, ITPOBOLIMPYIOIINX IEPEKUC-
HOE OKMCJIEHUE JIMITUAOB, MOJABIISIONINX UMMYHUTET.

HanpHeiiimue ucciaegoBaHus Iokasanu [Cremna-
HOB U 1p., 2022], yto 1etom 2021 r. B MockBe HabJ110-
JIaJIOCh PENKOe COoYeTaHME PaCIIPOCTPaHEHUS OdYe-
penHoit BoiaHbl mHMexkunn SARS-CoV-2 (mramm
JIeJIbTa) U METEOPOJIOTUYECKUX YCIOBUil, CIIOCO0-
CTBYIOIIIMX OOPa30BaHUIO0 AaHOMAJILHO BBICOKMX ITPU-
36eMHBIX KOHIeHTpaluii o3oHa. [ToMMMO BBICOKOI
YaCTOThI 3apakeHUi B 3TO BpeMsI B MockBe ObLia 3a-
¢uKcupoBaHa U caMasl BBICOKasI 3a BpeMsI IaHAeMUU
CMEPTHOCTB, 00yCJIOBJIEHHAsI 3TUM BUpycoM. Koad-
(GpULIMEHTHl KOppesIIuy MEXAy 4acTOTOM 3apake-
HUII 1 CMEPTHOCTH C KOHIEHTpalueil IIpU3eMHOIO
o3oHa coctaBwin ~0.59 (p < 0.01) u ~0.60 (p < 0.01),
CcOoOTBeTCTBeHHO. HabmonaemMast Koppesiius MOXKeET
OBITh OOYCJIOBJIEHAa COYETAHHBIM IATOJIOTMYECKUM
JIeJICTBMEM Ha OpraHbl IbIXaHWs 1 KpOBOOOpAaIeHUS
BBICOKMX KOHILIEHTpauuii o30Ha u BuUpyca SARS-
CoV-2, KoTopoe MOXeT NPUBOJIMUTH KaK K 0oJiee Jier-
KoM Tepenade nHGpEKIM, TaK U K 0oJiee TSKEIOMY
Te4eHUIO 3a001eBaHMsI 1 IOBBILIEHNIO CMEPTHOCTH.

B pabore [Stepanov et al., 2019], aTa ke HaydyHas
rpyIma odpaiiaeT BHUMaHue Ha TOT (paKT, 4YTO HAOJII0-
Jarolirecs Ha Tepputopun Poccum mpuzeMHBIe KOH-
LICHTPALMM 030HA 3HAYMTEJIbHO TPEBBIIIAIOT TTOPOTU
OTPHULIATEILHOIO BO3ACHCTBUS Ha pACTUTEIbHOCTb.

2. CTPATOCO®EPHBIN O30H
2. 1. Habarooernus

g KoHTponst OOIIero coaepKaHUsI O30Ha
(OCO) B Poccuu coznana u ¢pyHkunoHupyet Iocy-
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mapcTBeHHas cuctemMa MoHuTOopuHTa. I'T'O TIpomort-
>KaeT obecrieyeHre paboThl HA3EMHOKM 030HOMETpUYE-
ckoii cetn Pocrugpomera. HabmoneHnst Ha 28 craHI-
ax Bemytcsa ¢ 1973 1. MHoroseTHUEe psSOBl TaHHBIX
MO3BOJISIIOT NPOMU3BOAUTH aHaJINU3 MPOCTPAHCTBEH-
HOM 1 BpeMEHHOI1 U3MEHUYMBOCTHU U BBISIBIISITh B3a-
MocBsI3b aHomanmii B rmosie OCO ¢ o01Iei TNPKYITSII-
el HIKHel ctpaTtocdepsl 1 BepxHei Tporocdeprl. Pe-
3yIbTaThl OLICHKW JIOJITOBPEMCHHBLIX W3MEHEHUIA
TOMIIWHBI 3aIIUTHOTO O30HOBOIO CJIOSI, OCHOBHBIE
TPeHAbl U TEHIECHLIMM, a TAKXKE COBPEMEHHOE COCTOSI-
HUE NpPEeICTaBJICHBI B €XeroaHBIX “O0630pax COCTOSI-
HUS 1 3arpsi3HEHUST OKpyKatoleil cpeabl B Poccuii-
ckoit @enepauun” [CojiomaTHUKOBa U ap., 2020,
2021, 2022a, 20226]. OToeabHO NPOBOAUTCS aHAIU3
IUTST cTaHOWI ApKTdeckoro permoHa. Ha 12 cranmm-
SIX TIPOAOJIKAIOTCST UBMEPEHU 3puTeMHOM YD panu-
anuu. 3HAYUTEIbHYIO POJIb B 00eCIeYeHUM Ha3eMHBIX
W3MEPEHMI UrpaeT KaJuOpoBKa M3MEPUTEIBHOMN all-
rmapatypsl. ITpuBsizka rnmpubOpoB K MUPOBOI IIIKaje
OCYIIECTBJISIETCS IyTEM PETYJISIDHBIX KaJIMOPOBOK I10
9TaJIOHY O30HOMeTpudeckoii cetu Pocrumpomera
(Cnekrpodorometp Hobcona Ne 108).

IIponomkaroTcst padOThI IO NEPEOCHAILIEHUIO 030-
HoOMeTpuuecKoii cetr Pocrugpomera. B xone onbITHOM
SKCIUTyaTaluu crekrpomerpoB Y®OOC, npenHa3Ha-
YEHHBIX 111 KOMIIEKCHBIX U3MEPEHUI CIIEKTpajib-
HOro coctaBa cymmapHoii YDOP u o0uiero comepxka-
HUSI O30HA, YCOBEPIIEHCTBOBAHBLI IIPOrPaMMHOE
obecrieyeHue, MeToAbl KanuopoBku U pacueta OCO.
ITo HecKOJBLKMM IIpUOOpaM HAKOIUICHBI PSIIbI Ma-
payJIeNbHBIX HAOTIOAeHWH ¢ 030HOMeTpaMu M-124,
JIEMOHCTPUPYIOIIHE YIOBJIETBOPUTEIBLHYIO COIJIACO-
BaHHOCTb X OOHOPOIHOCTH psigoB. B 2022r. u3rotoB-
JIEHbl 3€HMTHBIC CIIEKTPOMETPHI IJIsI M3MEPECHUI
OCO, npenHazHaYeHHbIE 1151 9KCIITyaTallMd B perv-
OHAX C TSKEJBIMU KJIMMaTUYeCKUMM yCIoBusMu. B
2023 r. HAUMHAIOTCSI UX UCTIBITAaHUSI.

B 2022 r. corpynnukamu I'TO u AAHMHW nauatbl
COBMECTHBIE PaOOTHI IO OPTaHU3ALIUU CETU PETYIISIP-
HBIX aBTOMaTUYECKUX HabmomeHnit YO paguaumu ¢
BBICOKMM BPEMEHHBLIM pa3pelleHMeM Ha MOJISPHBIX
cTaHUUSIX (ApKTUKa U AHTapKTMKA) U HaydyHO MC-
cienoBaTeabcKux cynax AAHMU. ExeromHo 1moro-
HsIeTcd MaccuB MaHHBIX 00 OCO, mocTynarmonmii ¢
POCCUICKNUX aHTaAapKTUYECKUX CTaHLMi MUpHBIiA,
HosBomazapeBckast 1 BocTok 1 ¢ Hay4YHO-3KCIIEIM-
nnoHHBIX cynoB AAHWUMN. o nagana 2000-x rr. Ha
AHTApKTUYECKUX CTAHLIMSIX OTMeUallach YCTOMYMBAsI
TEHIICHLIMsI YMEHBIIIEHMsI OOILEro CoaepXaHus 030-
Ha aHTapKTUYECKOi BecHOii. B HacTtosiee Bpems
HaOoaeTcsl TEHIEHIIMS BO3BpalllEHUsT Coaepxka-
HUSI 030HA K 3HAYEHUSIM, XapaKTEePHBIM IJIsl IEpUO-
J1a, IPEIISCTBYIONMIETO IIPOSBIEHNIO 3(h(deKTa 030-
HOBO ObIpbl [Cubup u np., 2020].

IMponomxarmTcst HAOMIOIEHUST UHTETPAJIbHOU OM-
TU4YeCcKoi IuoTHocTu atMocdepkrl (OITA), HauaTbie B
1970-x rogax. Pe3ynbpraThl aHaarM3a JaHHBIX IPEICTaB-
Ne 7
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JIEHBI B €KeronHBIX “O030pax COCTOSHUS 1 3arpsi3He-
HUsI OKpyxXKatoleii cpenbl B Poccuiickoit @enepanyn”
[Pycuna u np., 2022a, 20226]. XapakTep MeXToo0BOI
n3MeHunBocT OITA mO3BOJISIET TPOCISIUTDH II0-
CJIEACTBUSI MOIIHBIX BYJIKAHMYECKUX M3BEPKECHMUIA,
MEePUOIBI CAMOOYHUIIEHUS aTMOChephl, COKpAILICHUS
MPOMBIIIIEHHOU aKTUBHOCTH B MOCTIEPECTPOSYHBIE
TOIOBI, CHVDKEHHUS ONTUYECKOTO 3aMyTHEHHSI aTMO-
cheprl. C Hagama 2000-x rT. HabIIOTACTCS OTHOCH -
TEJIbHO CIIOKOMHOE COCTOSIHME aTMocdephl, CTaTH-
CTMYECKU 3HAYNMBIX TPEHIOB ONTUYECKON TIJIOTHO-
CTH aTMOCEpPHI HEe 3aperucCTPUPOBaAHO.

Taxke mpomoiKalTcsl HaOMIOAEHUST a3pO30Jib-
HOM ONTHYECKON TOMIIMHBI aTMOc(epbl B AHTapK-
Tuae. 3Ha4YeHUs, MOoJydYaeMble 10 pe3yJibTaTaM Ipsi-
MBIX CIIEKTPaJIbHBIX COJTHEYHBIX (DOTOMETPUUECKUX
W3MEPEHMI, U MHTEeTpaIbHAas ONITUYECKas TOJIIIHA,
omnpezesieMasl 1Mo JaHHBIM CTaHAAPTHBIX aKTUHO-
METpUIECKUX HAOMONCHWIN 3a MPpSIMOIl COJTHEYHOMN
panuanueii, SIBJISIIOTCS TTOKa3aTeIsIMU OITUYSCKOTO
cocTtossHUsI aTMocdepbl. ComocTaBlieHUE ITOTyYeH-
HBIX JTaHHBIX C OLIEHKAMM I APYTUX IPUPOTHBIX
PETMOHOB U YCIOBUII CBUACTEIBCTBYET O TOM, YTO B
MIEpHOAbl 0€3 BIMSHMS BYJIKAaHUISCKIX U3BEPXKEHUI
YPOBHHM a3p030JIbHOIO 3aMyTHEHHUSI aTMoc(dephbl B
AHTapKTHOe Ha MPOTSLKEHUM TIOCIASAHUX IECSITUIIC-
TUH SIBJISIIOTCSI MUHUMaJIBHBIMU Ha TIAHETE U MOTYT
paccMaTpUBaThCs B KAYECTBE III00AIbHBIX (DOHOBBIX
xapaktepucTtuk [Paguonos B.®. u ap., 2020].

C yyeToM OILIYTUMBIX M3MEHEHMUI KJIMMaTa Ha
IJIaHETe B LIEJIOM, OCOOYIO pOJib IIPpUOOpETaoT 6a3bl
¥ apXMBBI JaHHBIX OCHOBHBIX KJIIMMAaTOOOPa3yIOIINX
XapaKTepUCTUK aTMocdephbl, COOpaHHBIX 3a IJIM-
TeJIbHbIE IIepUOIbl BpEMEHH B pa3IMYHbIX paliloHax
3€MHOTIO IIIapa M, B YaCTHOCTH, B ITOJISIPHBIX 00Ja-
crsax. CyMMmapHasi coJIHeUHasl paauvalivs BXOIUT B
YHUCJIO BaXHEUIIMX MapaMEeTPOB, BIMIIOIINX Ha
9HEPreTUYECKUit 6ajaHC CUCTeMbl 3eMJIsT — aTMO-
chepa. B crarbe [Cubup m ap., 2021] npuBeneHo
onucaHue co3maHHoi 6a3nl maHHBIX (B/1) YacoBBIX 1
CYTOUYHBIX CYMM CyMMapHO# panuaiyu Ha poCCUii-
cKmnX ctaHnomgax AHTapkTunbl. B/l mpemHasHadyeHa
IJIsl VICCJIEIOBAHUS pagudallMOHHOTO peXuMa AH-
TapKTUKM C Havaja aKTMHOMETPUYECKUX HaOIomIe-
HUI 1 10 HacTosIero BpeMeHu. OHa Ipoiiuia Iporie-
JIypy TOCyJapCTBEHHOM PErMCTpallii U 3apeTUCTPUPO-
BaHa 1o, Ne 2020621401. Ha ocHoBe conmepallieiics B
Helt nH¢hopMalMy ObUIH TTOJTyYeHbI OLIEHKM XapaKTe-
PUCTUK M3MEHYMBOCTU CYTOYHBIX, MECSIYHBIX U TO-
JIOBBIX CYMM CYMMapHOU pagualiiyd Ha CTaHLMSIX
bemnuncrayzeH, Boctok, Muphnsblit, HoBomazapes-
ckas mn Ilporpecc 3a Bech mepuon HAOTIOACHWI 110
2019 r. Pe3ynbpTaThl MX aHAIU3a CBUAECTEIBCTBYIOT 00
OTCYTCTBHMH CYILIECTBEHHBIX UBMEHEHUI B ITOCTYILJIC-
HMM CYMMAapHOI COJJHEYHOM paaudaluu Ha aHTapK-
TUYECKYIO IIOBEPXHOCTH 3a 00Jiee YEM IIEeCTUIECITH -
JISTHUM TIEpUOJ aKTHHOMETPUYESCKIX HAOJIIOIeHUIA.
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B mipenbinyinye rombl, o MHULIMATABE O30HOBOM
komuccuu BMO, Ha cranuusx KBHC, O6HuHCK U
ToMck, ocHallleHHBIX cIieKTpogoroMmeTpamu Bbproe-
pa, IIPOBOIWIMCH HAOIIOAEHUST OOIIETrO COASPKAHMST
o3o0Ha. JlaHHkbIe, TToJlydeHHbIC Ha 3TUX CTAHIIUSIX, pe-
TYJISIPHO TepelaBaiich BO BceMUpHEI LIEHTp AaH-
HBIX II0 O30HY M YJIbTPa(hHrOJIETOBOMY COTHEYHOMY
n3nydyeHno WOUDC. CriekTpodOoTOMETPHI peryJsip-
HO KaJIMOPOBAJIMCh C MCIOJIb30BaHUEM MOOMIBHOIO
craggapra criekrpodoromerpa bproepa Ne 17 [Doro-
khov et al., 2015]. U3-3a mOIUTUYECKMX MOTUBOB OYe-
penHasi KanOpoBKa He cocTosuiack. [ToaToMy Hagex-
HOCTB MOJIy4aeMbIX ceii9ac JaHHBIX IO BOIIPOCOM.

ITomumo TocymapCTBEHHOW M MeEXIyHapOIHOM
ceteii nccienoBanue OCO M KOMIIOHEHTOB O30HO-
BBIX LIMKJIOB TPOBOAUIOCH Ha TeppuTopruu Poccuu B
y4eOHbIX M HaydHbIX opraHusamnusx CIIoI'Y, MDA
PAH, NOA CO PAH u ap.

Taxk, B CII6I'Y nHa kadenpe pnznkm atmochepsl 1
B JlabopaTOpuu HCCAEOOBaHUS O30HOBOTO CJIOSI U
BepxHell aTMocdepsl 11 U3ydeHUsI IIPOCTPaHCTBEH-
HO-BpeMEHHOI U3MEHUYNBOCTHU OCYILECTBIISIFOTCS W3-
MEpEeHHUsI 030HA C UCIIOJb30BaHUEM CIYTHUKOBOI U
HaszeMHoOi1 ammapatyp. IIpoBomuTcsa ycoBepllIeH-
CTBOBaHME METOI0B 00padboTK1 mHpopMmarmu. B pa-
ootax [ITonsikoB u ap., 2019; Tumodees u ap., 2021;
Polyakov et al., 2020] mpenioxxeH OpUTMHAJIBHBIN ajl-
TOPUTM peIIeHUsI OOpaTHOM 3ama4u I MOJyIeHUS
00l1IeTO coepXXaHUsl 030HA U3 CIIEKTPOB, U3MEPEH-
HbIX Dypbe-criekrpoMerpoM UKD C-2 Ha poccwuii-
cKoM cnnyTHUKe MeTteop-M Ne 2. AJIroputM ocCHOBaH
Ha UCIOJIb30BaHUY METOJAa UCKYCCTBEHHBIX HEPOH-
HBIX CEeTeil, MeTOo/Ia IJIaBHBIX KOMIIOHEHT U M3Mepe-
anit OCO npunoopom OMI Ha criytHuke Aura. Ilo-
rpemHocTh omnpeneneHuss OCO cocTaBiaseT OKOJIO
3%, MeToq MO3BOJISIET aHAIM3UPOBATh IIIOOAIBLHOE
pactipenenenue OCO, B TOM 4mcie, 1 B OTCYTCTBUE
COJTHEYHOTO W3JIy4YeHUsI, HAllpuMep, B IMEepUo Mo-
JISIPHBIX HOUEii. ABTOPBI MPUMEHMIV METOIUKY AU~
depenmmnanbHOM criekTpockonnu DOAS npu mHTEp-
MpeTanun pe3yabTaToB U3MEPEHUI Ha3eMHOTO YJib-
TpaduroJIeTOBOIO O30HHOro criekrpomerpa YPOC
st onpenenennss OCO [Monos m ap., 2021]. Comno-
cTaBJieHUs1 paccuuTaHHBIX BeJInunH OCQO ¢ JaHHBI-
MU He3aBUCUMBIX U3MEPEHUIT OKa3aJIi NX CUCTEMa-
TUYECKOE pPACXOXICHUE, KOTOpPOE€ MOXET OBITh
yCTpaHeHO Mpu 6oJjiee TIIATebHOM afanTaluy ajaro-
putMa DOAS K ycaoBUSIM 3amadi M XapaKTepUCTU-
kaM npubopa YOOC. B [BuponaiineHn u ap., 2021]
MpencTaBlieHa yCOBEPIIEHCTBOBAHHASI METOAMKA 00-
paboTKM Ha3eMHBIX CIIEKTpalIbHEIX n3MepeHnii My-
pee-criekTpoMeTpa Bruker 125HR mna monygyenms
nHdopmauuu 06 OCO u npyrux cTpaTocdepHBbIX ra-
30B ¥ IPOJEMOHCTPUPOBAHO MUCIIOJIb30BAHNE HA3EM-
HBIX W3MEPEHUI IS MHTEePIIPETALMKU IIPOILECCOB,
MPOUCXOISAIIMX B 030HOChepe.

MDA PAH BBINOIHSIIO eXeTHEBHbIC U3MEPEHUS
congepxxanue NO, B BEpPTUKaAIbHOM aTMochepHOM
Neo 7
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cTonoe, KoTopoe TecHO cBg3aHo ¢ OCO u kotopoe
HEOOXOVIMO JIJISI U3yYEeHMSI U3MEHEHM I B COCTOSTHUM
ozoHoBoro ciosi, Ha KBHC, 3HC u B Tomcke.

Ha Cubupckoit numapHoil craHuuu MHcTUTyTa
ontuku atMocdepsl uMm. B.E. 3yeBa CO PAH B ToMm-
cke (56.5 c.a1., 85.0 B.I1.) IpOOOIKAIOCH BEPTUKAIb-
HOe 30HIMPOBaHUE IJIS1 U3yYEHUsI TMHAMUKU 030HA B
paiioHe TpomoIay3bl M OTCIEKMBAHUS ITIOOATbHBIX
u3MeHeHuit B o3oHocdepe [Dolgii et al., 2019]. 3oH-
IUpOBaHUE TIPOBOAUTCS 10 AuddepeHIInaTbLHOMY
MOIJIOIIEHWIO Ha mnapax IiuH BomH 299/341 u
308/353 HM ¢ y4eTOM TeMIIEpaTypHOIi U a3p030Jib-
HoIi TonpaBokK. JIugapHasi cucreMa oXBaTbIBaeT TUa-
a30H BEICOT ~5—45 kM. [IpoBeneHo TecTupoBaHue U
BBIOOD HanOoOJIee ONTUMAIBHBIX HA0OPOB CEYEHMI TTO-
IJIOIIEHUSI IS BOCCTAHOBJIEHUSI BEPTUKAJIBHOIO pac-
MpenesicHusT 030Ha B BEPXHUX CJIOSIX TPOHocdephl-
crpaTocdeps! [Dolgii et al., 2022], pa3paboTaHa MeTO-
KA TeMIIepaTypHOI KOPPEKIIMH, TTIOBbIIIAIOIIAST TOY-
HOCTb noTy4eHMs1 naHHbIX [Dolgii et al., 2020].

IMponomxanich M3MEpeHUs] BEPTUKAIBLHOIO pac-
MpeJeeHns] 030Ha MUKPOBOJHOBBIM CIIEKTPOPaINO-
MetpoMm Han Huxknum HoBropomom [PeickuH M 1p.,
2012; Kynukos, 2022], KOTOpble OXBaTHIBAJIM AUara-
30H BBICOT 25—60 KM.

PerynsspHo npous3BoAsiTCS CpaBHEHUS pe3yJibTa-
TOB HazeMHBIX n3MepeHnit OCO pa3HOIi anmapary-
poii, YTO 1aeT BO3BMOXHOCTb OLIEHUTb ONTHOPOAHOCTD
pSIIOB JTaHHBIX U JOCTOBEPHOCTH IOJydyaeMoOil MH-
¢dopmariiuu. B padore [HepobGenos u ap., 2022] cono-
CTaBJIeHbl pe3yJibTaTbl HazeMHbIX u3MepeHuit OCO
CnexkrpodoroMerpoM Dobson, GUIBTPOBEIM 030-
HoMeTpoM M-124 u @ypbe-cnekrpoMeTpoM Bruker
125HR pacnonoxeHHbiMu BOu3u CaHkT-IleTep-
Oypra Ha paccTosTHUM OKojo 50 KM Ipyr OT Apyra.
CorocTaBjieHUe Pe3yJbTaTOB CPEIHENHEBHBIX 3Ha-
YeHUH TMoKazajao, 4YTopa3dpoc JaHHBIX MEXIY pas-
HbIMU aHcaMOasaMu uaMepenuit OCO He IIpeBHIIIaeT
U3MEPUTENIbHBIX MOTrpelIHOCTel MeToa0B. BpeMeH-
Hoe u3MeHeHue cpenqHeMecssdHBIX OCO mo JaHHBIM
TpeX HaO0OpPOB HAa3eMHbIX WU3MEPEeHUil B palioHe
Cankr-IleTepOypra He MokKa3ajgo SIBHOTO IMMOCTEIICH-
HOTO MEXTOJIOBOTO YBEIWYECHUS WJIM YMEHbIIEHUS
conep:kaHwus raza 3a rmepuon 2009—2020 rr.

Mudopmanusi o mpoCcTpaHCTBEHHO-BPEMEHHbBIX
n3MmeHeHustx OCO, moJrydeHHass ¢ ITOMOIIBIO pa3-
JIMYHBIX METOJIOB U MoOJeJieil HaOJIOAeHU, MOXET
3HAYUTEJILbHO OTJINYAThCS U3-3a OIIMOOK U3MEepPEHUSI
1 MOJICIUPOBaHMs, Pa3INInii B aJITOPUTMaXx IIOMCKa
o30Ha U T.4. [ToaToMy naHHBIe, MOJyYeHHbIEC Pa3anuy-
HBIMHU CIIOCO0aMM, TOJDKHBI PETyJISIPHO IIPOBEPSITh-
ca. CpaBHeHud psmoB gaHHBIX OCO, 1oMydeHHBIX
HazeMHbIMU pubopamu (Bruker IFS 125 HR, Dob-
son u M-124), ciyrHukoBeiMu (OMI, TROPOMI u
IKFS-2) nmpubopamu u mogensimu (peanann3 ERAS
n EAC4, monemiu EMAC u INM RAS—RSHU)
BOau3u Cankr-Ilerepoypra (Poccusi) B mepuon ¢
2009 mo 2020 r. IeMOHCTPUPYIOT XOPOIIYIO COIJIACO-
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AHIPEEB u np.

BaHHOCTb (KoadduimeHTs1 Koppeasaiun 0.95—0.99).
Bce Habopbl TaHHBIX BOCIIPOU3BOIST BbIpasK€HHBIN
ce3oHHHBI Xon OCO ¢ MAKCMMYMOM BECHOM I MUHM-
MyMoM oceHbio. st mepuoma 2004—2021 1T. Xapak-
TepHa 3HAUMTEJIbHASI TIOJIOKUTEIbHAsT TEHIASCHIINS
OCO B6au3u Cankr-IletepOypra (~0.4 + 0.1 ex. Bron)
o BceM MaccuBaMm [Nerobelov et al., 2022].

Hannsie mo OCO nepuoanyeckKy CpaBHUBAIOTCS B
MOA CO PAH u UMKSBC CO PAH ¢ apyrumu npu-
oopamu. B pabdorax [baxkenoB n np., 2022; Bazhen-
ov et al., 2022] comnocTtasisiuchk usmepenuss OCO
npudopamu M-124, a Takke CITyTHUKOBOTO JaTYMKa
Aura OMI. CpaBHeHMe TTOKA3aJI0, YTO OHU XOPOIIIO
KOPPEIUPYIOT MEXIY COOOI B IJIaHE BbIpaXKEHHBIX
Bapualuii, BOSHUKAIOIINX BO BpEMEHHBIX X0OHax, HO
aMIUIATYObI 3TUX BBIOPOCOB OTIMYAIOTCS. B 11emom
MOXHO OTMeTUTh, uTo npudoop MOA CO PAH mpe-
BBILIIACT 3HAYEHUS ABYX IPYTUX IPpUOOpPOB, a Hau-
MeHbIIMU BIsTIoTCa 3HadeHust OCO AuraOMI.

B pa6otax [Dolgii et al., 20206, 20208] cpaBHUBAa-
IOTCsI TMIApHBIE Y CIYTHUKOBBIE TaHHBIe MLS /Aura u
IASI/MetOp 06 030He B ctpaTochepe. [TokazaHo, 4To
CpedHsisi OTHOCUTEIbHAsSI pa3HOCTb MEXIY U3MEPECHU-
samu LIDAR u MLS/Aura orpuiiatebHa B 1ara3oHe
BeICOT 16—38 ¥xM m mocturaer —49.81% Ha 38 kM.
CpenHsist OTHOCUTEJIbHAsI Pa3HOCTh MEXIY U3Mepe-
Husasmu LiDAR un IASI/MetOp monoxurtenabHa B
Irara3oHax BBICOT 6—18 KM, Toe oHa HOCTUTAaeT
43.68% Ha 16.80 KM, 1 oTpULIaTEAbHA BHIIIIE, TIE JO-
cturaeT — 43.86% Ha 20 KM.

B [Dolgii et al., 2020a] cormocTaBiaeHbI U3MEPECHUS
nmpoduieit cogepxaHust o3oHa B atMmocdepe CaHKT-
INetepbypra ¢ momombio HazemHoro MC Bruker
125HR 1 cimyTHUKOBOTO MUKPOBOJIHOBOI'O Mpubdopa
(MLS) 3a BpemenHoit niepuon 2018—2020 rr. u uc-
clieloBald BEPTUKAJIBbHBIA XOI pPacCcoIacOBaHUSI
JIBYX TUIIOB U3MepeHuii Tpodmist o30Ha. CpaBHEHUE
1OKAa3aJjo yIOBJIECTBOPUTEIbHBIC PE3YJIbTATHI.

OnHoli U3 IIaBHBIX 3a/1a4 Ha3eMHbBIX U3MepeHUit
SaBjsieTcs oOeclieyeHue BaUMJallMU CITyTHUKOBOI
anmapatypbl. COyTHUKOBBIE METOIbl TUCTAHIIMOH-
HOTO 30HAMPOBaHUS BHOCST 3HAUMTENbHbBIN BKJIAad B
aHaJ13 MPOCTPAHCTBEHHOIO paclipeieieHUs U Bpe-
MEHHO 3BOJIIOLIMY COIEePXKaHUSI 030HA U €r0 aHOMa-
ymit. Pa3padorannas B CIIBI'Y meTonuka 1mo3BosisieT
onpenensatb OCOMo pe3yabTaTaM U3MEPEeHU TTpU-
oopom IKFS-2 (uHbpakpacHblii dypbe-CcrieKTpo-
METp), PACIOJIOXKeHHbIM Ha OOpTy clyTHUKa Mete-
or-M N2 [Polyakov et al., 2021]. ComtocTaBieHue pe-
3yJITaTOB CIYTHUKOBBIX U3MEPEHMUII C Ha3eMHBIMU
HaomoaeHussMu B 2019—2020 rT. MpoIeMOHCTPpUPO-
BaJld COMIACOBAaHHOCTD IIOOANIbHBIX MOJIEN pacrpe-
neneHusi OCO IKFS-2 ¢ uzMmepeHusiMu arrapary-
poit OMI, manusimMu peanaim3a ECMWF ERAS u
pe3yJbTaTaMu Ha3€MHbIX U3MEPEHUA.

B paborax [Chan et al., 2023; TpudoHosa-xo-
BjieBa U Op., 2017] olleHMBaIOTCSI BO3MOXHOCTH IIPO-
nykroB GOME-2. YcraHoBlieHO, YTO OCpeaHECHHBIC
Ne 7
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3HAYEHUsS HA3eMHBIX MU3MEPEHUIl M CITyTHUKOBBIX
OLICHOK XOPOIIIO COITIACYIOTCSI MEXAY COOOM ISt Tie-
pHoIa OCpEeAHEHUS OT TpUALATH AHe#. TakKe moka-
3aHO, YTO CITYTHUKOBBIE OLIEHKHU ITPUTOIHbBI TSI OTTH -
CaHUS PETMOHAIBHOTO 3arpsi3HEHUsI, TTPAaBIOIOI00HO
OTPaXKaroT KaK TOAO0BOIT X0, TaK M IIPOCTPAHCTBEHHOE
M3MEHEHWE KOHIIEHTpALlMM, ODHAKO CYIIECTBYIOT
OrpaHWYEHUSI Ha MCHOJIb30BAaHME 3TUX OLIEHOK IS
OIMMCaHUs MTHOBEHHOI KOHIIEHTpAaIlUM, a TAKKe He-
MOCPEACTBEHHO FOPOJICKOTO 3arPsI3HECHUS.

2.2. Uccnedosarnue ounamurxu
cmpamocpeprHozo 030Ha

B OonbiioM LUKIIEe cTaTei IIpeACcTaBIeHBI PE3yib-
TaThl MHOTOJIETHMX M3MEPEHUIl BPEMEHHOII M3MEH-
yuBOCTU ob1ero conepxanust O; u NO, Ha Kucno-
Boznckoit BeicokoropHoii (KBHC) u 3BeHuroponckoit
(BHC) nayuHnbix cranmusx MDA um. A.M. O6yxoBa
PAH [Ipy3neB u ap., 2021, 2022a, 20226; Gruzdev
et al., 2021a, 202106, 2022a, 20226, 2022B; Savinykh
et al., 2021a, 20210]. AHanu3 MHOTOJIETHEIX U3MEH-
YMBOCTH TAaHHBIX U3MEPEHUIT BHITIOJIHEH C IOMOIIIBIO
METOIa MHOXECTBEHHOI TMHEeHOoI perpeccuu. ITo-
JIy4eHBI TOJOBBIE U CE30HHO-3aBUCUMBbIC OLICHKU JI-
HeliHbIX TpeHI0B O3 u NO,. O0111eii 0COGEHHOCThIO
nonroBpemMeHHbIX TeHaeHuuiik OC O; Ha KBHC u
OC NO, Ha 3HC u KBHC gBnsitoTcst 3HauuTeIbHbIE
TpeHIbl B 3UMHE-BeCeHHUI ce30H. OHU Ha o0enx
ctaHuusx orpuuareabHble, 1 Ha KBHC cunbHee,
yeM Ha 3HC. Tennenuug OCO moJOXUTETLHAS B
1989—2002 rr. (1.6% 3a necaTuieTie) U OTpULATETb-
Hast B 2003—2020 rr. (—1.2% 3a necatunerne). [1omy-
YeHHbIE XapaKTePUCTUKN NU3MEHUYMBOCTH 030HA CBU-
JIETEIBCTBYIOT 00 0COOOM XapaKTepe MEXTOIOBOM U
nponrocpoyHoii sBomounu OCO Ham CeBepHBIM
Kaskazom. B vactHoctu, TeHnenumm OCO B CeBepo-
KaBka3ckoM pervoHe nmpOTUBOIOI0XHBI TEHIEHIIM-
sIM 30HaJbHBIX cpeaqHux 3HadeHuit OCO. Bbpum 10-
JIy4eHBI 3aBUCHUMBIE OLICHKM JIUHEMHBIX TeHICHIINI
¥ MEXTOJIOBBIX Baprallnii BO BCEM 030HE, CBI3aHHOM
¢ apdexkramu 11-J€THEro COJIHEYHOro LMKIIa, KBa-
3uaByxjeTHero Kojiebanus (QBO) B skBaTtopuaib-
Holi ctpaTocdepe, North Atlantic Oscillation (NAO)
n El Nino-Southern Oscillation (ENSO). U3mene-
HUS 00I1Iero o30Ha B TeueHue 11-1eTHero CoJTHeUHO-
ro nukia Ha KaBkasze ocoOG€HHO CyIlIeCTBEHHbI JIETOM
U COCTaBIISTIOT 0K0J10 4% . CBsizanHBIe ¢ QBO MeXTO-
JIOBBIE KOJIeOaHMSI OOIIEro 030Ha C aMIUIMTYIOM OKO-
710 6% TIPOSIBIIIOTCS B XOJIOAHOE BpeMs roga. O6iue
KoJiebaHUs1 o30Ha, o0ycyioBieHHbIe NAQO, BbIpaxe-
HEI B 3UMHe-BeceHHMI nepuon. Bo3neitictBue ENSO
Ha OOIIMI 030H 3aMETHO JIETOM U IIPUMEPHO Ha Tof
OTCTaeT OT M3MEHEHMM TeMIlepaTyphl IIOBEPXHOCTHU
MODSsI B peTMOHE, TaK YTO OOILIMiT 030H YMEHbIIAeTCs
nocyie coowsrTrii El Nino 1 yBenTuduBaeTcs 1mocje co-
opiTuit La Nino. [ToaydeHHBIE XapaKTepUCTUKA 00-
el M3MEHYMBOCTU O30HA YKa3bIBAalOT HA OCOOBIN
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XapakTep MHOTOJIETHUX U MHOTOJIETHUX U3MEHEHUI
obiero o3oHa Ha CeBepHoM KaBka3se.

B muxne pador MOA CO PAH nposeneHo ucce-
JIOBaHUE pacrnpelesieHUs a3po30Jsd U 030HA JIMaap-
HBIM METOJIOM C TIPUBJICUCHUEM JJI1 UHTEPIIpEeTalluU
cyTHUKOBOI nH(popMmatmu [ baxenos, 2021; baxke-
HOB M 1p., 2019, 2020, 2021; Bazhenov et al., 2021a,
20216, 2022; Hes3opoB u ap., 2021a, 20216; Nevzor-
ov et al., 2021, 2022]. JIngapubie nu3mepenus Ha Cu-
OUpCKON JIMAAPHON CTAaHLMU TOKa3ald Haludue
cTpaTochepHBIX a’pO30JIbHBIX CJIOeB M AchuiumnTa
OCO nan ropogoM 3uMoii 2017—2018 rr. JaHHbIC
Aura OMI/MLS yka3wsiBaau Ha TO, YTO B AeKaOpe
2017—sauBape 2018 1. o011Iee comep>kaHWe 030HA U CO-
nepxxanne NO2 B ctparocdepe Haa ceBepoM EBpaszum,
a Takke Temrieparypa B crpatocdepe Oblv 3HAUUTEb-
HO HM>KEe HOPMBbI. AHaJT3 0OpaTHBIX TPAEKTOPUIA 1 UH-
terpaiabHOro (110 npodmio) OCO BBISIBAI, YTO OUHA-
MUYECKOE BO3MYIIIEHUE apKTUUYECKOU cTpaTochepsl B
nekabpe 2017 1. mpuBeao K BBITECHEHUIO XOJIOMHBIX
BO3IYIIHBIX MacC € M30BITOYHBIM CoOAepXaHUeM
arpeccuBHoro xjopa (BBuny aeduunrta NO,) 3a npe-
JIeJibl TIOJISIPHOTO Kpyra U MX BTOPXEHUIO B CTPATO-
chepy Tomcka.

B pa6ote [Bazhenov, 2019] ucciemoBaHo BIMsiHUE
TOBBIIIIEHHOU BJIaXXHOCTU B cTpaTochepe ApPKTUKU
Ha ypoBeHb pa3pylleHUsI 030Ha. AHAJIU3 TaHHbBIX Au-
ra MLS moxkasan, 9yTo TeMIiepatypa B cTparocdepe
ApKTHUKU OblIa HAMHOTO HIXXKE HOPMBI B T€UYEHHE
Bcero mnepuoga siHBapb—mapt 2011 1. B uHTEpBaje
BbIcOT 20—35 KM. DTO TIpUBEIO K 3HAYMTEILHOMY
pacrpoCTpaHEHUIO TIOJISIPHBIX CTpaTochepHbIX 00-
nakoB (ITCO), xoTopsie (hopMupoBaInch Hanbojee
WHTEHCUBHO Ha BBICOTax W B MEPUOIbl MUHUMAJb-
HBIX TeMnepaTyp (MaKCUMaJILHOTO TTalecHUsI TeMIIe-
paTypbl Hike 1mmopora oopasoBanus I[1CO). OcHOB-
Hble MOTEpU O30HA HabJOAaIMCh B MapTe. DTOMY
CITO0COOCTBOBAJIO (POTOXMMHUNUECKOE BHICBOOOXKICHIE
xJiopa, n30exXKaBIlIero 1eakTUBaluy BBULY AeUuinTa
a30Ta, BBI3BAHHOIO JeHUTpUdUKaLMEd B XOle 4a-
CTBIX SIBJICHUI IeruapaTaiydu, O YeM MOTYT CBUIC-
TeJIbCTBOBATh KOJieOaHUsI BBICOTbI MaKCUMAaJbHOIO
OTKJIOHEHUS BJIaXXHOCTU OT MHOTOJIETHEH HOPMBI.
IMoBrIlIeHHAsI BIAXXHOCTD B cTpaTocdepe yBeanduia
IIOPOroBylo TeMIiepaTypy obpaszoBanust I1CO, Ha-
OomaBIIMXCS A0 KOHIIA MapTa; B pe3yjabTare ObLl
MOBHILIIEH MMOPOT aKTUBALIUM XJIOpa M, TAKUM o0Opa-
30M, OTCpOUYeHa ero aeakTuBalus. DTO elle OoJjiee
YBEJIMUWJIO YPOBEHb CYyMMapHbIX MOTEPb O30HA B
mapte 2011 r.

B pa6orte [Belikovich et al., 2021] npeacraBieHbI
pe3yJbTaThl HA3¢MHBIX MUKPOBOJIHOBBIX U3MEPEHUI
9BOJIIOLIMY BEPTUKAJIBHOTO pacrnpeneeHus] 030Ha B
cpenHeit atMocdepe Hang Hwuxknum Hosropomom
(56°20’ c.uu1., 44° B.1.) 3umoii 2017—2018 rr. Beimod-
HEHO MX COIOCTaBJIEHUE C JAaHHBIMU CITyTHUKOBOTO
30HAVPOBAHUS, TTOJTYYEHHBIMHU C TIOMOIIBIO TPUOO-
pa MLS nHa cimyTHUKe Aura, ¥ ¢ JAaHHBIMU peaHan3a
Ne 7
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ERAS. B wacTHOCTH, yCTaHOBJIEHA CTEIIEHb 3aBUCH-
MOCTH pacrnpeaesieH!s: 030Ha B cTparocdepe OT MoJIo-
JKeHWSI TPAHULIEI TTOJIIPHOTO BUXPSI HA pa3HBIX BEICOTaX
110 OTHONIICHMIO K MYHKTY HAOMIOICHUS. 3aperuCTpy-
poBaHoO, uTo B stHBape 2018 I. BUXpb IpUOIU3MICS K
Huxxemy HoBropony u majee BIDIOTh OO CBOETO pa3-
pymenus (12 ¢deBpaisa) ero rpaHulia OCHWUIMpOBaia
HaJl TOPOIOM, TaK YTO BHYTPH I CHAPYKU BUXPS O~
IIEpEMEHHO OKa3bIBaJIUCh Pa3HBIE BLICOTHBIE 3IIIEIIO-
Hbl. Takast TMHAMWKa BUXpsl Hanbosiee 3aMEeTHO TO-
BJIMsIIa HA 3BOJIIOLIUIO CTPATOCHEPHOTO MaKCUMyMa
coJiep>XKaHMsI 030Ha, ITOJI0KEHNE KOTOPOTO OTCIICXKI-
BaJI0 UBMEHEHHE TPAHUILILI BUXPS U KBAa3UIIEPUOI M-
YeCKU MEHSUIOCh B Auara3oHe BbICOT 30—35 kM. Pe-
3yJIbTaThl HA36MHOTO MUKPOBOJIHOBOIO 30HIMPOBA-
HUS B CpeOHEM JalOoT MeHbIlIee OTHOCHUTEIbHOE
colep:KaHMe 030Ha, YeM JaHHble MLS ¢ Makcumalib-
HBIM CHCTEMATUYEeCKUM pasinmyueM ~0.8 miaH~' Ha
BbicoTe 38—39 kM. TeM He MeHee, aHaIu3 Ha3eMHBIX
U3MEpEeHUI TTO3BOIMIT 3apETUCTPUPOBATh Oojiee YeT-
KyI0 peaklMio 030Ha Ha U3BMEHEHUE CTPYKTYPHI BUX-
pst Hax Hiyxknum HoBropogom, yeM aHaau3 CITyTHU -
KOBBIX JaHHBIX U JAHHBIX PeaHaIN3a.

Cotpyaaukamu UT1® PAH Briepsele B aTMOC(he-
pe 3eMJIu SKCNIEPUMEHTAIBLHO 3apErMCTPUPOBAH He-
JIMHEWHBIN (POTOXMMUUECKUIN OTKIIMK Ha CYyTOUHBIE
BapuallMy COJTHEYHO! OCBEIIEHHOCTH Ha BTOPOi cyO-
rapMoHuKe 3Toro Bo3nericteus [Kulikov et al., 2021]. B
pesyabTaTe TeOPETUIECKOTo UCCAeIOBaHMS IByXCYyTOY-
HbIX (DOTOXMMUYECKUX OCUMJUISILIMA KOMIIOHEHT Ce-
MeMcTB HeueTHoro kuciopona O, (O, O(;D), O;) u Bo-
nopoga HO, (H, OH, HO,) Ha BbIcOTax Me3omnay3bl
(80—90 kM) c TTIOMOIIIbIO MOAENEN pa3IMYHON CJIOX-
HOCTHU ObLIY OTIpeieJieHbl UHAMKATOPHI MPUCYTCTBUS
3TOr0 (hbeHOMEHA B JaHHBIX PAaKETHOTO U CITyTHUKO-
Boro 3oHaupoBaHus. Hanbosee BbIpaxkeHHON 0OCO-
OEHHOCTBIO 9TUX OCHUJUISALIMI SIBISETCS 3HAUMTEb-
Hasl (Ha HECKOJIbKO TTOPSIIKOB BEJIMYMHBI) pa3HUIIa
MEXIy JBYMSI TMOCJIeNOBATEIbHBIMU 3HAUYCHUSIMU
KoHueHTpauuu H B koH1le Houu. Kpome Toro, ycra-
HOBJICHO, YTO HEOOXOIMMBIMHU YCJIOBUSIMU ITIPOSIBIIE-
HUSI 3TUX ocLIWLIsILMiA B poduie H nepen Bocxonom
CosnHlla SBJSIIOTCSL OTpeNe/ieHHble OrpaHUYEeHUsT Ha
BpemeHa xu3Hu cemericta HO, 1 O B cooTBeTCTBY10-
IIME MOMEHTHI JOKajJbHOro BpemeHU. OO6paboTka
IaHHBIX coyTHHKoBoi Kammanuu SABER/TIMED
MO3BOJIWJIA TIOJYYUTh MEPBblIE SKCIEPUMEHTAIbHBIE
CBUETENILCTBA CYIIIECTBOBAHUSI IBYXCYTOYHBIX (DOTO-
XUMUWYECKUX OCHWJIISIIUI Ha BbICOTaX Me30May3bl.

B arMocdepe mo-npexxHeMy HabmogaeTcs nedi-
LIAT O30HA Haja MoJISIpHBIMUM paiioHamu [Kucenes,
2020]. Do menaet aKTyaJabHBIM HCCIEIOBaHNE “030-
HOBBIX OBIP”, YeMy ITOCBSIIECH eI psia padoT.

B pa6orax [Baprun u ap., 2020; ®poabKuc u ap.,
2021], BBIITOJHEHHBIX IJISI AHTAapKTHUKHN II0Ka3aHO,
YTO TUIOTE3a O BO3MOXKHOM HaJIMYUU CBSI3U MEXIY
KBa3UJBYXJIETHUM KOJeO0aHMEM U COCTOSTHUEM aH-
TapKTUIECKOMN “030HOBO IBIPHI” ¢ OOMBIION TONeH
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AHIPEEB u np.

BEPOSITHOCTA HE MMeeT moxa coboil ocHoBaHmii. [1o
JaHHBIM CHOYTHUKOBOTO MOHHUTOPHHIA O30HOBOTO
ciiost TOMS/OMI, peananuza MERRA-2 u 6aju1oH-
HOT'O 30HIMPOBAHUSI BEPTUKAJIBHOTO paclpeacacHUs
030Ha U TeMmIiepatypsl Ha KOxXHOM TToJTI0Ce TIpoBeae-
HO WCCJeJOoBaHNe M3MEHYMBOCTU MapaMeTpOB aH-
TapKTUYECKOI 030HOBOIT aHOMAJIMKU. AHATU3UPYIOT-
¢ OUHAMMYECKHME IMpoliecChl B cTpaTocdepe AH-
TapKTUKU, OIPEIe/ISIOIINe YCIOBUSI IJISI CUIBHOIO
paspylIeHUsI 030HOBOTO CJIOS, KOTOPOE 3a MOCJe/I-
HUe 8 JIeT, HECMOTpS Ha YMEHBIIIeHUEe KOHLIEHTpa-
LIMI 030HOpPAa3pyIIAIOIIUX BEIIeCTB, HAOII0IAIOCH B
Antapktuke B 2011 1 2015 rT.

O3zoHoBasg aHOManusd B APKTHKE aHaAJIU3MpPOBa-
nack B |[Hukudopona u np., 2019] u 66111 ycTaHOBIIE-
HBI €€ XapaKTepHbIE OCOOEHHOCTH.

ITponomkxamTcs COBMECTHBIE NCCAESI0BAHMS 030~
Ha B APKTUYECKOM peTruoHe ¢ KoJjuieramu u3 EBpo-
MEHCKUX MHCTUTYTOB. AHa/IM3 Ha3eMHBIX HaOIIOIe-
HUit Ha 38 eBpOIEeMCKUX CTAaHLMSIX MO3BOJIUI Ole-
HUTH peakIUi0 O30HOBOTO CJiosl Hanm EBpormoil Ha
SKCTpEMaIbHOE UCTOIIEHNE 030HOBOTO CJIOSI B ApK-
tuke B 2020 . [Petkov et al., 2023] BaustHue pacnpo-
CTpaHsJIOCh OO0 cpeaHux mpoT EBpomnbl, HO ¢
YMEHBIIIEHUEM aMIUIMTYAbI U 3aA€PKKOI 110 BpeMe-
Hu o 20 nHeii. Pa3BuTne cutyauum ObUIO aHAIOTAY-
HO TOMY, YTO HaOJII04ajJI0Ch IOCJIE 3HAYUTEIIHLHOTO
pa3pylIeHUs] 030HOBOTO cjiosl B Apktuke B 2011 T.

3umoii—BecHoi 2019—2020 rr. HaGIIOOaIach ca-
Masl 3HaYUTeIbHAas 030HOBasi aHOMAJIUSI B APKTUKE
3a BCIO HcTOpuio HabOmogeHuit [baxenos, 2021;
IIBetkoB u mp., 2021]. OHa ObLIa OOyCIOBIIEHA He-
OOBIYAaTHO CUJIBHBIM U TIPOJIOKUTEIBbHBIM TOJISIP-
HBIM BUXPEM, MOBJIEKIIINM GecripelieIeHTHOS XUMU-
YyecKoe pas3pylleHne o30Ha. AHAJIM3 JAaHHBIX Aura
OMI/MLS moka3zai, 4ro obiee comepXaHue 030Ha
HEYKJIOHHO coKpalajiocb u coctaBujio 230 e Jl.
18 mapta B myHkTe AnepT, 222 ¢.Jl. 18 mapTa B OBpu-
ke, 229 e.J1. 20 mapTa B Tyne n 226 e./1. 18 mapra B Pe-
30J1b10T. MUHMMaNbHas TeMmmeparypa Obuia Ha 9—
10% HumKe HOPMBI ¢ TeKabpsI TT0 arpeltb B cTpaTtocde-
pe Hax TomckoM 1 ApkTukoii. KoHlieHTpamust o030Ha
YMEHbIIAIACh 10 4 1 6% OT MHOTOJIETHEN CpeIHE Ha
BoeicoTe 20 kM 27 MapTa B IIyHKTe DBpHUKA U HA BHICO-
te 19 kM 16 anipesnst B myHkTe Hio-OJecyHH, COOTBET-
cTBeHHO. Takoe siBleHME BITMCBHIBACTCS B KOHTEKCT
KJIUMaTUYECKUX U3MEHEHU, BeaylIuX K OXJaxe-
HUIO cTpaTtocdepsl.

B pa6ore [CutHOB 11 Op., 2021] mosiBIIeHNE 030HO-
BOI1 NBIPBI CBSI3bIBAECTCSI C MPOLIECCOM OJIOKHUPOBA-
Hust. AnHomanust OCO 0Ob11a 00yC/IOBJIeHA INIABHBIM
00pa30M YMEHbIIEHUEM COAEPXKAHUS 030HA B HUX-
Hell cTpatocdepe, nocturaBmmM 50% BOIM3U YPOB-
Hsa 70 rlla. Ilpu xmoyeBoM BKiIage aTMOCGhEpPHBIX
JTUHAMUYECKUX MPolieccoB B GOPMUPOBAHUE O30HO-
BOI “MMHU-ABIPHI” OTMeYeHa BO3MOXHOCTb BKJIana
pa3pylieHus] 030Ha B IeTepOTeHHBIX peaklusiX Ha
MOBEPXHOCTHU TIOJSIPHBIX CTpaTOC(hEpPHBIX OOJIAKOB
Ne 7
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BCJICICTBUE CUJIBHOIO ITOHWXKEHUS TeMITepaTyphbl B
cTpaTocdepe Hag 00JIaCThIO OJIOKUPOBAHMSI.

K uHTEpeCcHBIM SIBICHUSIM, KOTOpbIE HAOII0AAI0T-
¢l B cpenHeil atMocgepe, OTHOCSATCS U cTpaTocdep-
Hble noTeruieHus. OMHO U3 TaKMX ommcaHo B [Bap-
I'MH u 1p., 2019]. OHo 3acdukcupoBaHo Haa KaHanoit
B KoHI1Ie Aekaops 2017 r. u B Havasie stHBapst 2018 T.
I'maBHOE ke BHe3amHoOe cTpatocepHOe MOTEIICHIE
B ¢peBpajie 2018 I. corpoBoXIaaI0Ch U3MEHEHNEM Ha-
IpaBJICHUs 30HAJIbHOTO BETpa, pa3acjieHUEeM CTpaTO-
chepHOro TMOJISIPHOTO BUXps, pacnpocTpaHEHUEM
aHOMAaJIMK LUPKYISIUUA cTpaTochephl IO HWXKHEHN
Tporocdepkl, IIOXoJoJaHueM B Me30chepe, U3MeHe-
HUEM BBICOTHI CTPATOIIay3bl M CHYDKCHUEM TeMIIepa-
TYpbl HUXKHEM cTpaTocdepsl B TPOITMKAX.

2.3. Mooeauposarue npoyeccos 6 030Hocgepe

B [KpuBonyukuii u ap., 2021] npencrasieH 0630p
paboT, BBHITIOJIHEHHBIX B JJa00OpaTOPUU XUMUU U AU-
HamMuku atMocdepsl LleHTpanbHON a’poaornyecKomn
o6cepBaTOpyM, IO CO3MAHUIO M MCITOJIb30BAHUIO TJIO-
OaIbHbIX YMCIEHHBIX Moeseit atMmocdepnl. Cpeau HUX
HECKOJIBKO OTHOCATCS K TeMe JaHHOTO 0630pa.

B [MBanosBa, 2021] mis u3ydeHUsI U3BMEHYNBOCTU
U B3aMMOCBSI3U COAEPXKaHUS TOJSIPHOTO O30HA Ha
OCHOBE JaHHBIX O TIOJIIPHOI TeMIiepaType Ha ypOB-
Hsx 30, 70, 100 rI1a u o cpenHeM 30HAJILHOM BETpE B
noyioce mupot 45—75° Ha yposHsx 10, 70 rlla no-
CTpO€HA MOJEJb MOJIIPHOTO 030HAa B APKTHUKE U AH-
TapKTUKEe 111 3UMHEe-BECeHHero mepuona. Mopaenb
MIpOTeCTUPOBAaHA MO JAaHHBIM M3MepeHui B 1979—
2020 rr. ¥ BEIIOJIHEHA OLIEHKA ITOTPEITHOCTEM pacue-
Ta MOJISIPHOTO O30Ha.

B pa6orax [Smyshlyaev et al., 2021; JIykessHOB
u ap., 2021] aHaAIM3UPYIOTCS OTWHAMHYECKUE IIPO-
LICCCHI ¥ U3MEHEHUSI 030HOBOTO CJIOSI B ApKTUYECKOM
ctpatocepe 3umoit 2019—2020 rogoB. AHAIU3 BBI-
MMOJIHEH C TIOMOILbIO YMCIIEHHBIX 3KCIIEPUMEHTOB C
XMMHKO-TPAaHCIIOPTHOM Mozaelbio (XTM) 1 maHHBIX
IMOBTOPHOIO aHajau3a. JJuHaMU4YeCKue yCIOBUS 31~
MbI-BecHBI 2019—2020 rogoB onuchbiBaJii CHUXKEHUE
o3oHa 10 100 enunwui Jloocona (IE) B Boctounom
noaymapun 1 cBeie 150 enumaun Y B 3amagHoMm
nonymapun. I1pu aToM, (POTOXUMHUYECKOE pa3pylie-
HHUE 030Ha, KaK B 3aMagHOM, TaK 1 B BOCTOYHOM TO-
JIyIIapusix Ha MakcuMyMe cocTaBirsuio okoso 50 JIE ¢
MMKaMH B aripejie B BOCTOYHOM U B MapTe - alipelie B
3armagHoM nojymapusx. [ereporeHHass aKTUBaIUs
raJIOrTeHHBIX TA30B Ha MOBEPXHOCTU MOJSIPHBIX CTpa-
TocepHBIX 00JIaKOB, C OOHOM CTOPOHBI, IIpUBEJa K
pE3KOMY YBEJIWUYEHUIO pa3pyllIeHUsI 030HA B KaTallk-
TUYECKMX LIMKJIaX xjiopa 1 6poma.C gpyroii CTOpOHHI,
YMEHBIINWIA ero pa3pylIeHUE B a30THBIX KaTaTUTUYe-
CKMX LIMKJIaX. AHAJIM3 aKTUBHOCTU BOJIH C UCTIOJIB30-
BaHueM noTokoB 3D Plumb moxkasai, 4to ycuieHue
pacrpocTpaHeHUs] aKTUBHOCTU BOCXOMSILIMUX BOJH B
cepearHe MapTa Hal AJISICKUHCKYM 3aJIMBOM HaOJIIO-
JIaJIOCh HAa CTaguM Pa3BUTUSI HE3HAUYUTEIHLHOTO BHE-
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3aITHOTO CTpaTochepHOTro MOTETUIEH!s COOBITHE, KO-
TOpO€ MPHUBEJIO K CMELIEHNIO cTpatochepHOro mno-
JISpHOro BuUXpsl Ha ceBep KaHaabl MU yMeHbIIIEHUIO
o0beMa MOJISIPHBIX cTpaTochepHbIX oOnakoB.Bcen-
CTBHME HM3KON aKTWUBHOCTU TUTAHETAPHBIX BOJIH, TTO-
JisipHbIi BUXpb B 2019—2020 rr. ocTaBajicsl yCTOMUM-
BbIM BILTOTh O KOHIIA afnpesisi, YTO CO3AAI0 YCIIOBUSI
JIJIS1 PEKOPIHOTO pa3pyllieHUsI 030HA B APKTHKE.

Pa6oter [Baprun u gp., 2020; Kpuonyukuii u
ap., 2020; Tsvetkova et al., 2020] mocBSIIIeHBI BOIIPO-
caM TeCTUPOBAHMS M YCOBEPIIECHCTBOBAHUS MOIE-
neii. C ucrnonb3oBaHMEM JAaHHBIX ITATU 50-TH JIETHUX
pacyeToB IO MATOU BEPCUM KIUMaTUIYECKO MOAETN
MNBM PAH 1151 coBpeMeHHBIX YCIOBUI aHAJIU3UPY-
€TCSI MEXTOomoBasi M3MEHUYMBOCTb XapaKTePUCTUK
cTpaToc(epHOro MOJISIPHOTO BUXPSI B APKTUKE U JaT
BECEHHEI TMepecTPOUKM HUPKYJISIUNA CTpaTocheEPhI
110 CPaBHEHMIO C TaHHBIMU peaHanu3a. PaHHue me-
PECTPOMKN COMPOBOXKIAIOTCSI OO0Jiee CHIbHOM BOJ-
HOBOM aKTUBHOCTBIO II0 CPaBHEHUIO C ITO3THUMM.
3UMHUIE CE30HBI C MAKCUMaJIbHBIM 00BEMOM BO3IyXa
B IIOJISIPHOI cTpaTtocdepe M YCIOBUSIMH, TOCTATOYU-
HBIMU UIST (DOPMUPOBAHUS IIOJISIPHBIX cTpaTocdep-
Hble 00JIaKOB, B CPEIHEM XapaKTepU3ylOTCsl paHHU-
MU BECEHHMMMU TepecTpoiikaMu. BBIMOJTHEHBI Yync-
JIEHHBIX CE30HHBIE IIPOTHO3bI TEMIIEPATYPHI 10 IBYM
MHTEPAKTUBHO PaOOTAIOIIMM YMCJICHHBIM INIO0aJIb-
HBIM MojelisiM: (ortoxumudeckoir momenu LIAO
CHARM (0—90 kM) 1 MOJeJIu CE30HHOTO IPOrHo3a
I'MII/UBM PAH IIJIAB (0—30 xm). IIpoBeneHO
CpaBHEHHUE pe3yJIbTAaTOB MPOTHO3a C JAaHHBIMU pe-
aHajqu3a. YCTaHOBJIEHO, YTO HOBas oObeaqUHEeHHas
monenb FOROZ (Forecastwith Ozone) mokasana
YCTOMYMBOCTD IIPU peaaIu3alui YMCICHHbBIX CIIeHA-
pueB. Ce30HHBIE IIPOTHOCTUYECKUE IIOJIST TEMIIepa-
Typel Monenu IIJIAB u oObenuvHEeHHOI Moaeau
FOROZ c nanHbIMU peaHanu3a OJIU3KU B HUKHEH
Tponocdepe n oTanmdaloTcs B crparochepe. Oobenm-
HeHHas Moaenb FOROZ ynydmaer mporHo3 TeMire-
paTyphl B BepxHeli Tporocdepe u crpaTocdepe.

st u3ydeHust IBMEHEHUI apKTUIECKOTO MOJIsIp-
HOTro cTpaTocdepHOro BUXpsl B OnuxkaiiieMm Oymay-
meM B [Vargin et al., 2022] npoBeaeHO MoJeapoBa-
HHE TI0 5 Bepcum KiamMatudeckoii momenu MBM
PAH nns nepuona 2015 2100 T mo AByM clieHapusIM
SSP2-4.5 n SSP5-8.5 pocta KOHIEHTpalluy MapHU-
KOBBIX ra3oB. BBISIBIEHO yCUJIEHHE pacIipocTpaHe-
HUSI BOJTHOBOM aKTMBHOCTU W CTAlIMOHAPHOM IUIaHE-
TapHOI1 BOJIHBI HOMEp 1 B cpenHeil M BepXHEN cTpaTo-
cepe, YCKOpeHUE MEPUAVMOHAIBLHOM LIMPKYJISILIUY,
YBEJIMYCHUE 3MMHErO CPEIHEro MOJIIPHOIO CTpaTo-
chepHoro oowema (Vpsc) U ycuiieHrne MEXTOIOBOM
M3MEHYMBOCTA apKTUYECKOM cTpaTrocdephl IIOCie
cepenuHbl XXI Beka, ocobeHHO o cueHapuio SSP5-
8.5. MapToBckue MecsTaHbIe 3HaueHUsI VpSC B HEKO-
TOPBIE 3UMBI MOTYT OBITHh IPMMEPHO B IBA pa3a 00JIb-
1IIe, YeM HabIrogaeMble B apKTUYECKOM cTpaTocdepe
BecHoli 2011 u 2020 rr, 4TO B CBOIO OYE€pPEAb MOXKET
MPUBECTU K OOJBIIOMY pa3pylIEeHUIO O30HOBOIO
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ciiost. KoMIIeKCHEBIIT aHaIn3 TTOKa3bIBaeT, YTO “Ter-
JIbie” 3UMBbI C HAUMEHBIIMMU CPEIHUMU 3HAYCHMUSI -
MU VPCK XapakKTEpU3YIOTCS YCUIIEHMEM PacIIpocTpa-
HEHMsI BOJIHOBOMI aKTUBHOCTU M3 TpoIiocephl B
cTpaTocdepy B 1ekadbpe, HO 0ojee c1adbIM pacHpo-
CTpaHEHMEM B IHBape—@eBpaJie 110 CpaBHESHUIO C 31~
MaMU, UMEIOIIMMY HanuOoJIbllIMe 3HadeHUs Vpsc.

MopenupoBaHe TOBEACHUSI O30HOBOIO CJIOSI B
MIPOLIUIOM U OymyIIeM aKTUBHO OCYIIECTBJISICTCS B
Cankr-IleTepbyprckoM rocyaiapcTBEHHOM YHUBEPCU-
tere. OCHOBOI WIS ICCIIEIOBAHMI SIBJISTIOTCS KaK paHee
pa3paboTaHHbIE MOAEIM XMMHWHY U KJIMMaTa ceMeicTBa
SOCOL [Muthers et al., 2014] » HAMMONIA
[Schmidt et al., 2006], Tak u HOBast MOJEIb 3€MHOM
cucteMbl SOCOLA4 [Sukhodolov et al., 2021], BKIIO-
yalomas B ceOs MHTEPAKTUBHBINA OKeaH, JUHAMUJe-
CKYIO PacTUTEIbHOCTb, aTMOC(EPHYIO XUMUIO 1 MUK-
podus3uKy cyiabpaTHOro a’po3os. s gaabHeiliero
COBEPIICHCTBOBAHUS MoOMejeli ObUIO MCCIEIOBaHO
BO3MOXHOE BJIMSIHME MOACOIEpKAIMX IpUMeceid Ha
o3oHoBBI cioii [Karagodin-Doyennel et al., 2021].
Bri10 moka3aHo, YTO pa3pyllieHre 030Ha oacoaep-
XKaIMIMM TIPUMECSIMU €CTECTBEHHOIO IPOMCXOXIE-
HUSI OKa3bIBaET HEKOTOPOE BIMSHUE Ha KJIMMAaTOJIO-
THIO0 030HOBOTO CJI0s 00JIee 3aMeTHOE B TpoIiocdepe.
B TO Xe BpeMs, yIBOCHHE COBPEMEHHBIX 3MUCCUIl
MoncoaepKaIInx IIPUMeCeil, OXK1IaeMoe B OyIyIneM,
OKas3bIBaeT cjaboe BJIMSIHME Ha O30HOBBI CJION B
HIDKHEM cTpaTtocdepe U yMEHbIIaeT o0IIee comep-
JKaHUe 030Ha B cT0J10e atmMocdepnl Ha 1.5—2.5%. Io-
JIydeHHBIE pe3yJIbTaThbl JIEMOHCTPUPYIOT CpaBHU-
TEJIbHO HU3KYI0 YYBCTBUTEIBLHOCTH aTMOC(HEPHOIO
030Ha K XUMMHU Moaa Ik OyayIIuX IepruoaoB, HO He-
OIIpeIeIECHHOCTDb OCTAaeTCsI BHICOKOM M3-3a HEXBATKU
MAaHHBIX HAOMIOOEHUN coenruHeHM ona. TakuM 00-
paszoM, ISl pacyeTOB 3BOJIOLMY O30HOBOTO CJIOS C
1980 o 2100 rr 6b11a MCOIb30BaHa 0a30BasI BEPCUSI
mogaenu SOCOL4 [Sukhodolov et al., 2021] 6e3 yuera
onconepxkammx mpuMmeceil. PacueTsl M3MeHeHMIt
030HOBOTIO CJIOSI B UCTOPUYECKUIA TIEPUOJ IIPOBOAU-
JIMCH C UCIIOIb30BaHMEeM HaOII0gaeMbIX ITapaMeTPOB
st BceX (haKTOPOB BO3ICIHCTBUS TaKMX KaK: KOH-
LEHTPAllMM MAapHUKOBHIX M O30H pa3pyLIalOIInX
IIpUMeCeil, SMUCCUU Ta30B UICTOYHUKOB, COJIHEUHO
pamuainuM, BYJIKAaHUYECKMX M3BepxKeHMil. Paccum-
TaHHbIE TPEHIbI CPABHUBAIVCH C pe3yJIbTaTaM! aHa-
JIn3a M3MEHEHMM O030Ha, IIOJYYEeHHBIX M3 JaHHBIX
MYJIbTUCEHCOPHBIX KoMM03UTOB BASIC 1 MSRv2, u
maaHbIX peaHann3a MERRA-2 u ERA-5. Anammus
TEHJICHLIWI BBIITOJIHSIJICS OTIEILHO IJIsI IIepruoIa UC-
toieHus (1985—1997 rr.) u BoccTaHOBJIEHUSI 030HO-
Boro ciost (1998—2018 rr.). B nepuon 1998—2018 rr.
SOCOLv4 moka3blBaeT CTaTUCTUYECKU 3HAYMMBIEC
MMOJIOKUTEIbHBIC TPEHIbI COAEPXKaHUSI 030HA B ME30-
chepe, BepxHeit 1 cpenHeit cTpaTocdepe u yCTONIn -
BOE yBeJIMUYeHME TporrocdepHOTo 030Ha. Pe3ynbTaThl
SOCOLv4 [Karagodin—Doyennel, 2022a] Ttaxxke
YKa3bIBalOT Ha HEKOTOPhIE HETaTUBHbBIC TCHACHIINU B
HMXKHUX CJ0SIX TPONMUYECKOW U CpeaHEeIIMpPOTHOM
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cTpaTocdepbl, KOTOpPBIE, HE COMIACYIOTCS C TaHHBIMU
BASIC ¢ mo3uuuM BEIWYMHBI U CTATUCTUUYECKOM
3HaUMMOCTU. HecMoTpsi Ha HECKOJbKO MEHBIIYIO
3HAYMMOCTBb M MaCIITaOHOCTD PE3yJIbTAaTOB MOJIEIN -
poBaHM, B paboTe menaeTcsd BBIBOI O TOM, YTO CO-
BpemeHHble CCM, Takue kak SOCOLv4, B 1ieiom
CIIOCOOHBI BOCIIPOU3BOAUTH HAOIIOdAeMble U3MEHE-
HMSI KOHILIEHTPAIIMU 030HA. DTOT BBIBOJ 00OCHOBEI-
BaeT NCITOJIb30BaHNE TAKWUX MOJEIICH TSI TIPOTHO3M -
poBaHUS Oyayleil 9BOIIOLIMY O30HOBOIO CJIOS.

O11eHKY U3MEHEHUI 030HOBOTO CJIOSI B OymyIiemM
npoBoawianuck no moaeau SOCOLv4 ¢ ucroib3oBa-
HUEM CIeHapueB M3MEHEHUII KOHIEHTpaluu Map-
HUKOBBIX U 030HOPA3pyIIAIOIIMX TTPUMECEN, IMUC-
CHi1 Ta30B UCTOYHUKOB, COJTHEYHOM pagualiiu, BYJI-
KaHn4Yeckux wusBepxkeHuit [Karagodin-Doyennel,
20226]. MoaenrpoBaHue ObLIO BHITTOJIHEHO Ha OCHOBE
nByx noreHIuaabHbIX IPCC cuenapmen: SSP2-4.5 n
SSP5-8.5. B o6oux cueHapusIXx MOOEIb ITOKa3bIBaeT
CHIDKEHME COACPXKaHUSI TPOIIOC(epHOro o30Ha B Oy-
nyiieM, kotopoe HauHeTcs B 2030-x rogax B SSP2-4.5
u nocie 2060-x ronosB B SSP5-8.5 1 ¢cBg3aHO C yMEHb-
IIEHeM KOHIIEHTpAalMii IIPEKypCOPOB 030HA, TAKMX
kak NO, u CO. PesynapTaThl TakxKe yKa3blBalOT Ha
BEChbMa BEPOSITHOE YBEJIMYEHHE COAEPKaHUSI 030HA B
Me3ocdepe, BEpXHEl 1 cpeqHeli ctpaTocdepe, a TakKe
B HIDKHEI cTpaTtocdepe B BEICOKMX ITMpOoTax. B coot-
BeTcTBUM ¢ SSP5-8.5 yBennmueHue coaepkaHusi 030Ha
B cTpaTocdepe BhIIIe 13-3a 00j1ee CHITBHOTO OXJIaXKIe-
Hus (>1 K 3a gecaruiierne), BEI3BBaHHOTO ITAaPHUKOBBI-
MU razaMu, KOTOpOe 3aMeIIsseT IIMKIIbI KaTaJIuThde-
CKOT0 pa3pyllieHust o3oHa. HanpoTus, B Tponnyeckoii
HWXHEN cTpartocdepe KOHLEHTPAaLUMU O30HA YMEHb-
LIIAIOTCSI, HO BO3PACTAIOT HAll CPEIHUMM U BBICOKMMU
IIMPOTaMK OOOMX ITOJIyIIApUil 3a CYET YCUJICHUST Me-
PUIMOHAJIBHOTO TPaHCIIOPTa, KOTOPBIN CUJIbHEEe IS
cueHapusi SSP5-8.5. Ilpru3HakoB CHUXKEHUSI YPOBHS
ozoHa B SOCOLv4 mnpenmosnaraer, 4To SBOJIIOLNS
cTpaToc(epHOro 030Ha Ha IPOTsKeHUM 21 Beka Oymet
B 3HAYUTEJIbHOI CTEMEHU OMPENeJISIThCS HE TOJIBKO
CHIXKEHMEM B KOHIIEHTPALUK TaJIOTEHOB, HO 1 3a CUET
OyoylIMx BBIOPOCOB ITAPHMKOBBIX ra3oB. [losTomy,
XOTSI Mpo0bJIeMa aHTPOIIOTeHHOIO BEIOpOCa rajIoreHOB
Ha CEerOAHSIIIHUMI IeHb [OCTaBJIeHa IO KOHTPOJIb, Oy-
JyIye U3MEHEHHS 030Ha B IJTOOAJbHOM U PETMOHAJb-
HOM MaciuTade, BCe elle HeSICHbI U BO MHOTOM 3aBUCSIT
OT pa3BUTHUS Oyaylleii NesITeJIbHOCTU YeJIOBeKa.

[MonyyeHHBIE ONITUMUCTUYECKHE B LIEJIOM OLIEHKH
U3MEHEHHUSI 030HOBOTO CJI0SI B OYAYIlleM Pe3KO KOH-
TPACTUPYIOT C CUTyallMeil, KOrJa Mephl IO 3alluTe
O30HOBOTrO Cj0os He OblmMm Obl NMpuHATHL. HoBbIC
OLIEHKM, BBITIOJIHEHHBIE C MOMOIIb Momeau SO-
COLv4 [Egorova et al., 2022], Bkitouatolieid MHTEp-
aKTUBHBII OKeaH U JMHAMUYECKYIO PaCTUTEIbHOCTD
MOATBEPAWJIM JIpaMaTUYeCKOe pa3pylleHrue O30HO-
BOTO CJIOSI B 3TOM CJIydae, paCCYUTaHHOE paHee C Me-
Hee CJIIOXKHBIMM MonenssMu. Takxke B 3Toil pabore
ObLJIO TIOKAa3aHO, YTO BBEJACHUE OrpaHUYEHUId Ha
MMPOM3BOICTBO 030HOPA3PYIIAIOIINX IIPUMECEN 03~
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BOJIMJIO HE HONMYCTUTH JOITOJHUTEIBHOTO ITOTETIIE-
HUS ToO6aIbHOTrO KJIMMaTta 6oJiee 4yeM Ha 2 K.

Boibilioe BHMMaHuEe OBbUIO ITOCBSIIIEHO BO3MCii-
CTBUIO Ha 030HOBBII CJ10i (DaKTOPOB CBSI3aHHBIX C KOC-
MHYECKOI moroaoii. Mcrosb30BaHue XUMUKO-KJIMMa-
taeckoit Mogemt HAMMONIA [Schmidt et al., 2006]
IMO3BOJIMJIO OLICHUTD BIMUSHNE COJTHEYHBIX BCHBIIIEK
B ceHTsa0pe 2017 rona Ha XMUMUYECKUI COCTaB aTMO-
chepnl [Pikulina et al., 2022]. Iloka3aHo, 4TO COJI-
HEYHBIE BCITLIIIKY B Havase ceHTss0pst 2017 r. mpuBe-
JIM K 3HAYMTEJIbHOMY YyBEJIMUYE€HUE KOHIIEHTpalUuii
aKTUBHBIX OKCUIIOB a30Ta M BOJIOpPOAa B 9KBATOPU-
aJIbHBIX U IOXHBIX BBICOKUX IMpoTax. OmHaKoO 3TO
yBeJIUYEHNUE HE MOBIMSIIO Ha U3MEHEHUE CoAepKa-
HIUE 030Ha B TPOIIMYECKOI cTpaTocdepe, IIOCKOIbKY
npoliecc paspylieHrue o3oHa okuciaamu (NO,) a3oTa
He 3 eKTUBEH B BepxXHei Me3ocdepe U HET HUCXO-
JSIIIUX TIOTOKOB BO3/IyXa, KOTOpbIe MOTJIU OBl Tiepe-
HOCUThb JaononHurtenabHele NO, B crparocdepy.
Oxucnbl Bogopoaa (HO,) He oka3bIBalOT CyIIECTBEH -
HOTO BJIMSIHUSI HA O30H B T€YEHUE pacCMaTPpUBAEMbIX
CE30HOB, OOJHAKO HEKOTOpPHEIE HEOOIBIIOE pa3pylle-
HYE 030Ha, KoppearnpoBaHHoe ¢ yBeanueHuem HO,,
MOJeIUpyeTcs B I0XKHOM Mojyirapuu. B pabore me-
JIaeTCSI BBIBOI O CJIAOOM BJIMSIHUM 3JIEKTPOMArHUT-
HOTO0 U3JIy4eHUsI Ha aTMOoc(depy 3eMJII BO BpeMsI COJI-
HEUHBIX Benbillek. Kak mokazaHo B padboTax [Miron-
ovaet al., 2022] u [Grankin et al., 2023] 3HaUUTEIBHO
OoJiblliee BIMSHUE Ha 030H MOTYT UMETh BBHICHIITAIO-
1I1ecs U3 MarHUTOoC(hepbl dHEPTUYHBIE SJIEKTPOHHI.

MopenupoBaHue MOCIAEACTBUIA 3KCTPEMATIBLHOTO
cobwiThsl Hax MockBoii B nekadbpe 2009 1. ¢ momo-
mbio Moaenn HAMMONIA mnokazaso moyTH II0JI-
HOe pa3pylleHHe O30HOBOTO ClIOsI B Me3ocdepe U
HIDXHEN TepMocdepe ceBepHOro moaymapusi. B pa-
oore [Grankin et. al., 2023] paccMaTpuBaIuCh BbICHI-
MMaHUsl SHEPTUYHBIX 3JIEKTPOHOB Haj ropoaoM Ama-
TUTHI U pACCUNTHIBAJIOCH BEI3BAHHbBIE 3TUMHU COOBITH-
SIMUA U3MEHEHMS KOHLIEHTPALUii 030Ha, JIEKTPOHOB,
OKUCJIOB a30Ta U Bogopoaa. st coowrTuii 9.10.1998 n
01.09.2000 paccuuTtaHHOe TTaAeHHE KOHIICHTPAIMU
o30Ha coctaBmwio 14 u 30% Ha BricoTe 75 kM. ITomy-
YeHHBIE Pe3yJbTaThl YKA3bIBAIOT HA IMOTEHLMAILHO
CYLIECTBEHHOE BJIMSIHUE DHEPIUYHBIX 3JIEKTPOHOB
Ha XUMUIO aTMOC(dEepHI.

YcnoBue XMMUYECKOTO paBHOBECHSI HOUHOTO 030Ha
IIUPOKO MCIIOIb3yeTCsl ISl BOCCTAHOBJIEHUS MPO-
CTPaHCTBEHHO-BPEMEHHBIX pacIpeaeeHNii HOYHbIX
O, H 11 HeKOTOpBIX IPYTUX XapaKTePUCTUK B TUAITa30HE
BhICcOT 80-100 KM 1O CITyTHUKOBBIM JTaHHBIM. B paboTte
[Kulikov et. al., 2019] ¢ nomo1ipl0 paHee CO3MaHHOTO
aHAJIMTUYECKOTO KpUTepHsi ObUla HailieHa rpaHula,
HIDKe KOTOpPOIi paBHOBeCHEe HOYHOIO O30Ha CyIle-
CTBeHHO HapytaeTcs. ITpoBegeHa o6padb0TKa romoBoit
(3a 2004 1) 6a3b1 manabix SABER/TIMED onHoBpe-
MEHHBIX HOUHBIX U3MEPEeHUI Mpoduiieit Temnepary-
PBl, JABJICHUSI, KOHLICHTPALM1 030Ha U 00BbEMHOI CKO-
poct smuccun OH* BOM3u 2 MKM B pe3yJibTaTe repe-
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xomoB (9—7) n (8—6) B mrama3zoHe BhICOT 75—100 KM.
Belio  0O6HapyXeHO, BO-TIEPBBIX, UTO ITOJIOKEHUE
rpaHU1bl pABHOBECUSI HOUHOTO 030Ha BapbUpyeTcs B
nuara3zoHe 77—86 KM B 3aBUCMMOCTU OT CE30HA U
IIIMPOTHI, YTO B 1I€JIOM MOATBEP>KIAET BHIBOIBI TEOPE-
taeckux pabot [Belikovich et al., 2018; Kulikov et al.,
2018]. Kpome Toro, 0610 0OHApPYKEHO, YTO 3Ta rpa-
HUIIA SIBJISICTCS] YyBCTBUTEIIbLHBIM MHINKATOPOM 3BO-
JIIOLIMM cpeiHeit aTMocdephl. B yacTHOCTH, pe3ynb-
taThl 00padoTku gaHHbIX SABER B 2003—2005 romax
MoKazaju, YTO aHOMaJIbHble IIUPOTHBIE 3aBUCUMO-
CTH TIOJIOXKEHUSI TPaHUIIbI paBHOBECHUSI 030HA BhIIIIE
60° N B guBape-mapte 2004 cBg3aHbl C OYEHb He-
OOBIYHOM JUHAMMKOM cTpaTocGhepHOro IOJSIPHOTO
BUXPS B TeueHUue apkTudeckoit 3umbl 2003—2004 rr.,
KoTopas Oblia “remarkable winter in the 50-year re-
cord of meteorological analyses” 1 corpoBoxXmaiach
saBJIeHUeM IipunomHsaToil (mo 80 KM) cTpaTomnaysbl
[Manney et al., 2006]. Bo-BTOpbIX, IIpOBeAEHO BOCCTa-
HOBJIEHHE MPOCTPAHCTBEHHO-BPEMEHHBIX pacrpene-
JICHWII HOYHBIX KOHUeHTpamuii O 1 H mo maHHbIM
SABER 3a 2004 r. bruio o6Hapy:keHO, UTO IpUMEHe-
HUE YCJIOBUSI paBHOBECHUsI 030Ha HUXKE T'PaHULIbI €ro
paBHOBECHSI MPUBOAUT K 3HAUYMTEIbHOM (10 5—8 pa3)
HeJgooleHKe KoHLeHTpauun O B Auara3oHe BbICOT
80—86 KM, HO MPAKTUYECKU HE CKA3hIBAETCI Ha Ka-
yecTtBe BoccTaHoBIeHUsT H. B HenaBHeit padore [Ku-
likov et al., 2023a] yka3aHHBIN KpUTEePUIA ObLT YIIyd-
IlIEH, B Pe3y/IbTAaTe Yero IMOJIOXKEeHUEe TPaHULIBI paB-
HOBECHSI HOYHOIO O30HA, HAlJIEHHOE C ITOMOIIbBIO
KpUTEPpUST MIPAKTUUCSCKU UIeaIbHO COOTBETCTBYET pe-
3yJIbTaTaM XWMHWKO-TPAHCIOPTHOTO MOAETUPOBAHMSI.
Kpome Toro, B manHOIf padoTe TpencTaBiieHa oOmiast
Teopust (POTOXUMIIECKOTO/XUMIIECKOTO PABHOBECUS
MaJIbIX TIpuMeceii aTMocdephl U CTPOro MaTemMaTHuye-
CKM BBIBEIEH Ha0OP YCIIOBUI, 00eCIIeUNBAIONINX O~
30CTh KOHLIEHTPAIIUY KOHKPETHOM TIPUMECHU K CBOEMY
MTHOBEHHO-PaBHOBECHOMY 3HAUYEHMUIO.

B pa6ote [Kulikov et al., 2020a] HOBBIiT ICTOYHUK
O('D) B o6nactu Me3omay3bl 3a cueT npouecca OH(V >
>5) + O(P) — OH(0 £ v' £ v-5) + O('D) Bniepsbie
MPUMEHEH [IJIS1 BOCCTAaHOBJIEHUSI TPOCTPAHCTBEHHO-
BpeEMEHHOIO pacnpeneinenus Hounoro O('D) mo
nanHeiM SABER/TIMED 3a 2003-2005 rr. C momo-
IIbIO YCJIOBMSI HOYHOIO XMMUUYECKOTO PaBHOBECHS
030Ha MOKa3aHo, YTO B T€YEHUE rojia B 3aBUCKMOCTHU OT
Mecs1a cpenHeMecsyHble pacnpenesneHust O('D) ume-
0T OT 2 10 4 MAaKCUMYMOB €O 3HaueHusIMU 10 340 cM 3,
KOTOpBIE JIOKAJIM30BaHBI 110 BBICOTE (~92—96 kM) M
mumporte (Ha ~20—40°S, N u ~60—80°S, N). Cpenne-
rogoBble pacrpeneiaeHusi B 2003—2005 rr. umeroT
OIMH Ca0bIif MAaKCUMYM Ha ~93 KM 1 ~65°S co 3Ha-
yeHuAMU 150—160 cM—3 1 3 IpKO BBIPAKEHHBIX MaK-
cuMyMma (co 3HayeHusaMu 10 230 cm~3) Ha ~95 kM 1
~35°S, Ha ~94 kM 1 ~40°N, Ha ~93 kM U ~65—75°N,
COOTBETCTBEHHO. B 11e10M, B ceBepHOM TOJyIIapun
HecKoNBKO 60sbite O('D), yem B oxxHOM. [TonyueH-
HbI€ pe3yJbTaThl MPEACTABISIOT CO00 YHUKATBbHYIO
Ha JaHHBII MOMEHT 0a3y TaHHBIX IS ITOCISIYIOIICH
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OLIEHKM BiausAHUA HouHoro O('D) Ha Xumuyeckuii
COCTaB 00J1aCTH Me30I1ay3hl.

B pa6ote [ Kulikov et al., 20200] BriepBBIE IIPOBEICHO
aHAJIMTUYECKOE MCCIEOBAaHUE MeXaHU3Ma reHepaluu
peakuIMOHHO-IU(M Y3NOHHBIX BOJIH B OOJIACTU ME3-
ornay3bl (80—90 kM). DTu BOIHBI IPEICTABIISIOT COOOI
HeJIMHeltHbIe (ha30Bble (DPOHTHI OCUMILISILINI KOHIIEH-
tpauuii O, O;, H, OH u HO, ¢ nepuonom 2 cyTok,
JIBUTAIOIINE B 30HAJILHOM HaIllpaBjieHUU (CTPOro Ha
BOCTOK) C ITOCTOSIHHOM CKOpOCThI0. OHU MOSIBISIIOT-
cs, Korma oroxumust Me3ochepbl CyOrapMOHUYHO
(c meprooM 2 mHS) OTKJIMKAETCS Ha CyTOYHbBIE Bapy-
alu COJHEYHOI pamuanuu (BHEILIHee NMepuoande-
CKOE BO3ACUCTBUE) C YUYETOM TOPU3OHTAILHOM Typ-
oysieHTHOM nuddy3un. PoroxumMuyeckass cucreMa B
o0y1acTU Me30May3bl IIPeaCTaBIIsIET COOOM HEeJTMHEH -
HBI OCHMJLISATOP, KOTOPHI OIMMCHIBAETCS CUCTEMOI
IByX muddepeHInaIbHEIX HEaBTOHOMHBIX ypaBHE-
HUI CO CTENEHHOM HEJIWMHENHOCThIO, KOTOpas OblIa
BbIBEZIEHA B OoJjiee paHHUX paboTax aBTOPOB. YCTa-
HOBJICHO, YTO peaKIMOHHO-TU(DYy3MOHHbBIE BOJHBI
00yCIOB/ICHBI CIEIM(PUIECKUM MTePEHOCOM «BETPO-
BOIO» THIIA, BOZHUKAIOIINM B YPaBHCHMSIX IIJISI aM-
TUTUTY[I IBYXCYTOUHBIX (POTOXMMUUYECKUX KOJieOaHni
koHIleHTpauuit O u H BciiencTBue 30HaAIbHOM HEO -
HOPOIHOCTY BHEIIHero Bo3deiicTBus. IloryyeHHOE
BBIpaXKEHHUE IJISI CKOPOCTH PaCIIPOCTPAHEHMS BOJIHBI
MMOJTHOCTBIO TTOATBEPAMIO paHee IOJyYeHHBbIE YrC-
JIEHHBIC pe3yJbTaThl O TOM, YTO BEJIMYMHA CKOPOCTU
ponopHuoHajabHa Ko3dduimeHty auddy3un u
rpagueHTy as3bl BHEIIHeTro Bo3aeiicTBusi. Hampas-
JIEHUE PacIIPOCTPaHEHMSI BOJHBI OIIPEAEIISIeTCS CIIe-
mudrIecKuMu (pa30BbIMU COOTHOIIEHUSIMU U 3aBU-
CUT TOJILKO OT BHYTPEHHUX MapaMeTPOB CUCTEMBI.
IIpoBeneHHOE HUCCIemOBaHME UMeeT PyHIAMEHTaIb-
HO€ 3HaYeHMe, HAIIPpUMEpP, C TOUKHU 3PESHMSI IIpeIcKa-
3aHUST BOBHUKHOBEHUS TTOOOOHBIX SIBJIEHUI B (DOTO-
XUMUU aTMOc(depbl B APYTUX PErMOHaX BCJIEICTBUE
KaK CyTOYHBIX Bapualluii COJTHEYHOM pagualnm, Tak
U MIPUCYTCTBUSI MHOXKECTBA JIPYTUX I€PUOINIECKUX
BozaeiicTBuii. C MpakKTUYECKOI TOUKU 3PCHUSI, JaH-
HBII pe3y/IbTaT II03BOJISIET OIIPEAe/IMTh OCHOBHEIC
WHANKATOPHI peaKIMOHHO-TU(PPY3NOHHBIX BOJIH,
HeoOXOoaUMBIE IIJIST X ITOCIEAYIONIEro SKCIIepUMEeH-
TaJIbHOTO OOHApPYXXEHUS B peajlbHbIX YCIIOBHUSIX ME3-
onay3bl U KOJUMYECTBEHHOI OLICHKU BEJIMYMHBI KO-
adduLreHTa ropu30HTAIBHON TYpOYJIeHTHOM M-
¢y3un — OMHOTO U3 BaxKHEHIIINX, HO HE U3MEPSIEMBbIX
nmapaMeTpoB MepeHoca Ha BhICOTaX JaHHOI o0nacTu
atMocdepshl.

B paoote [Kulikov et al., 2022a] mpoBeneH aHAJIN3
KayecTBa BOCCTAHOBJICHUS THEBHBIX pacIpeaeaeHUMI
O, H, OH, HO, u ckopocTi XMMHUYECKOTO Harpesa
Ha BeicoTax 77-100 kM mo mHoronetHeit (2003—2015)
6a3e manHbIx SABER/TIMED ¢ noMo1iibio ycioBust
(GOTOXMMHUUYECKOTO pPaBHOBECHUSI THEBHOTO O30HA.
OO0OHapyXKeHO, YTO OOILIEIIPUHSITOE OTOpachIBaHUE B
3TOM ycioBuu peakuuu O; + H — O, + OH npuso-
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INT K HepooneHKe (10 35—40%) koHueHtpauuu O u
CKOPOCTU XMMUUYECKOTO HarpeBa M 3HAYUTEJIbHOI
riepeotieHke (1o ~50—85%) xonnenrtpaunit HO, u
OH. B nocnenymomieii padore [Kulikov et al., 20220]
yaydnieHHass Mopaeib Bo30yximeHHoro OH ¢ koH-
CTaHTaMM, COOTBETCTBYIOILIMMU OMYyOJIUKOBAaHHBIM
TaHHBIM, TIPUMEHEHA IIJII BOCCTAHOBJICHUST THEBHBIX
pacnpenenenuit O, H, OH, HO, 1o 3TuMm e naHHbIM
SABER/TIMED. O6HapyXeHO, 4YTO U3BMEHEeHUs Ta-
paMeTpOB MPOIETyPhl BOCCTAHOBICHUS TIPUBOMIST K
3amMeTHOMY (1m0 80%) BO3pacTaHUIO KOHIEHTpAILUU
O Hizke 85—86 KM, K 3HaunTeaALHOMY (10 170%) BO3-
pacranuio koHueHTpauuii H, OH u HO, Hixe 90 kM 1
3ameTHOMY (10 40%) nx ymeHbleH1Io BOm3u 100 K.

B pa6ote [Kulikov et al., 20230] ¢ nebio CHIKe-
HUS HEOIPENEeJIEHHOCTU B ONpEIe/IeHUN PE30HAaHC-
HOIi 4YacTOThl JIMHUM W3JIy4eHUs] O30Ha BOJU3U
110.836 I'Tu (BpamaTtenbHBIM Tepexom J = 61.5—
60.6), IMPOKO UCITOJB3YEMOI IS TTACCUBHOTO 13-
MepeHUs] BEPTUKAJIbHBIX Mpoduieii KOHIIEHTpaIluu
030Ha Ha BbICOTaX cTpaTtocdepbl U HUXHEN Me30-
cdepsl, IpoBe/leH aHAINU3 PE3YJIbTaTOB IJIUTENIbHBIX
Ha3eMHBIX M3MEPEHUI CHEeKTPOB aTMOCc(hEepHOTO
MUKPOBOJTHOBOTO M3JIyY€HUSI B JAHHOM CIIeKTpajib-
HOM nauana3oHe. HMcnosnb3oBaHuWe CO3MaHHOW B
HI1®P PAH monepHU3MpoOBaHHOM anirapaTyphl C BbI-
COKMM CIIEKTpaJbHBIM pa3perreHueM (~12 kI1r) mos-
BOJIMJIO C HEJOCTYITHOM paHee TOYHOCThIO ompee-
JIUTh PE30HAHCHYIO YaCTOTY TaHHOM JIUHUU U3JTyde-
HUS 030Ha, KOTopasl oKa3ayiach paBHoii 110835.909 +
+0.016 MTIu. bruio mmokasaHo, 4TO IOILIEPOBCKUIA
CABUT YaCTOTHI TOPU3OHTAJIbHBIM BETPOM, a TaKKe
BapualMy TpornochepHOoro MorioeHUsI He BIUSIOT
Ha ITOJTydeHHBIN pe3ynbraT. HalineHHoe 3HaueHue Ha
130 xI'x MeHbIIIe TabOopaTOPHO U3MEPEHHOTO 1 OTJIN -
yaeTcsl OT Pe3yJIbTaTOB PAcueTOB C MTOMOIIIBIO COBpe-
MEHHBIX CIIEKTPOCKOMUYECKUX MOJiesield, HO OJIM3KO0
K pesyJibTaTaM MNEepBbIX MOJYSMIUPUYESCKUX pacye-
TOB, MPOBeNeHHbIX OoJiee 40 jeT Ha3al.

3. METOJbI X1 ITPUBOPHI

ITpumMmeHsieMble METOBI TSI ICCIEIOBAHMSI O30HA
B PA3JIMYHON CTETICHU BBIIIE YK€ OCBEINAJIIUCH B TEK-
cre. OcTaiuCh HE 3aTPOHYTHIMU B OCHOBHOM METO-
JIbl, KOTOpbIE pa3paboTaHbI IS 00pabOTKU JaHHBIX.

Ha ocnoBe TtpaekTopHoii momemu NOAAHY-
SPLIT 4 u peananmu3za NCEP/NCAR B WUHcTturyTte
¢dusuku atmochepnl uM. A. M. ObyxoBa PAH paspa-
0oTaH MeToJ pacyeTa CBepXOO0JbIINX HAOOPOB (MIUJI-
JIMOHOB TPaeKTOPMIiT) TIPSIMBIX 1 OOpaTHBIX TPACKTO-
puii [Shukurov et al., 2019]. C noMo1iipt0 MaCCUBOB U
TPAeKTOPHBIX METOAOB BBISBIISIIOTCS T1OJIsI TIOTEHIIU -
aJIbHBIX MCTOYHUKOB a3pO30JbHBIX U Ta30BBIX Ya-
ctull. [IpoaHanu3upoBaHbl pacnpeaeaeHus: MOTeH-
LIMAJIbHBIX PaiiOHOB UICTOUHUKOB aMMHUAYHOM CEeJIUT-
pbl, cyiabhaTa aMMOHHUSI U CWJIMKAaTa, BHOCSIIMX
BKJIaJl B MIPU3E€MHBII a3p030Jib, a TaKXKe Tporocdep-
Horo dopManpIeruga u crparocepHOro ITUOKCHIa
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POCCUMCKHWE UCCIEJOBAHUA ATMOC®EPHOI'O O30HA

a30Ta Ha 3BEeHUTOPOICKOM HAyIHO CTaHIINU, CTpa-
TochepHOro ozoHa Ha KuciioBomckoii BBICOKOIOp-
HOM HAy4YHOM CTaHLIMM, a3PO30JIbHOIO COAEPKAHUS
crosioa Ha ctanusIx ADPOHET B Tomcke n Yecypuii-
cke. MeTton Takske IPUMEHSICTCS 115 BBISIBJICHUS TPYI-
HOJIOCTYITHBIX PETMOHOB, CBSI3AaHHBLIX C aHOMAJIMSIMU
3UMHel MPU3eMHOM TeMIiepaTypbl BO3ayxa B MockBe 1
aHOMAJIMSIMU OCANIKOB B OacceiiHe 03. baiikair.

B [Tpy3nes, 2019; Gruzdev, 2019] npenioxeH Me-
TOJ y4eTa CepUaIbHOM KOppessluu (aBTOKOpPpEs-
1) DaHHBIX B 3amMa4e MHOXKECTBEHHOM JIUMHEWHOM
perpeccuu. Meron 3¢ OeKTUBHEIN TP aHAJIN3E J0JI-
TOBPEMEHHBIX TPEHIOB U BpEMEHHBIX BapUalluii aT-
MocdepHBIX TTpuMeceii. OH IT03BOJISIET YYUTHIBATh
aKTOKOPPEJISILIMIO TaHHBIX Ha OONBIINX MacIITadax.
OcTaToYHBIN psAI OPEACTaBISIETCS B BUE IIpoliecca
aBTOPErpeccuu, MopsimoK KOTOpoii k MOXeT ObITh Ha-
MHOIO OOJIbIlle €IWHULIbI, 1 aBTOKOPPEISLIMOHHAs
¢GyHKIIMS MIpolecca pacCUYUTHIBACTCS IIyTeM pelle-
HUs1 cucteMbl ypaBHeHuii FOma—Yokepa. I1o aBTo-
KOPPEISILIMOHHON (PYHKIIMM KOHCTPYUPYETCSI aBTO-
KOppeIsILMOHHAsl MaTpUlia, KOTOpasi BXOAUT B (pop-
MYJIBI IJIs1 OLIEHOK PEeTPECCUOHHBIX KO3 (hUIIMEHTOB
Y X CTaHIAPTHHIX OIIMOO0K. D(PPEKTUBHOCTb METO-
Jla JTEMOHCTPUPYETCSI Ha OCHOBE MHOXKECTBEHHOTIO
pEerpecCMOHHOrO aHajln3a JaHHBIX 26-JIETHUX U3Me-
peHuii obuiero coaepxaHusi NO, Ha 3BEHUTOpO-
CKoif HaydyHOIl ctanmuu MHcTUTYyTa (DU3UKU aTMO-
chepnl. OLIEHKM perpecCUOHHBIX KO3(MGUIIMEHTOB U
WX OIIMOKM 3aBUCSIT OT ITOPsIAKA aBTOPETPECCUM K.
CHavana ommn0OKa yBEeJIMYMBACTCS C YBEJIMYECHUEM K.
3aTeM OHa JOCTUTraeT MAaKCUMyMa U IOCJIe 3TOT0O Ha-
yrHaeT ymeHblaTtbes. B ciyyae NO, omnbka B Mak-
CUMyMe BO3pacTaeT 00Jee YeM BIBOE 10 CPaBHEHUIO
C ee HavyaJIbHBIM 3HaYCHHEM. YMEHbIIEHNE OLIMOKNU
MocJjie TOCTUKEHUSI MaKCUMyMa MpeKpallaeTcs, ec-
JIM k TOCTUTAET 3HaYE€HUS, [IPU KOTOPOM aBTOperpec-
CHOHHBII IIPOIIECC II03BOJISIET OMCATh BAXHBIE OCO-
OEHHOCTU aBTOKOPPEISILMOHHOI (DYHKIIMM OCTATOU-
Horo psina. [Tony4yeHbl OLIEeHKHU CE30HHO 3aBUCUMBIX
TpeHa0B u 3ddekToB Bo3aelicTBus Ha NO, mpupon-
HBIX (paKTOpOB, TaKMX KakK ll-JeTHMI COJIHEUHBIA
LUKJI, KBa3sUABYXJIETHSIS LMKIMYHOCTh, CeBepoaT-
JIJAaHTUYECKOE KojieOaHue U IPYTHUX.

B crarbe [Stepanov, 2022] onucbiBaeTcsi HOBbIi
MOAX0A K 00pabOoTKe MIMHHBIX PSIAOB TaHHBIX MOHM -
TOpPHMHTA 030HA B MPU3EeMHON aTMocdepe, KOTOPHIi
noxyuni HazBaHue Data Parallel Processing in Block
Streams. [IpemnaraemMasi MeToIMKa OCHOBaHa Ha pas-
OMEeHUHU MOoCJeI0BaTEIbHOIO psiia HavYaJdbHbBIX JaH-
HbIX Ha OJIOKM, 3aIoJHsieMble pe3yJibTaTaMd MOHMU-
TOPMHTA MPU3EMHOI0 030Ha B TEUEHUE OTHUX CYTOK.
Hanee n3 Takux OJIOKOB (opMUpyeTcs IIENoyvKa,
JUIMHA KOTOPOM oIpeaesisieTcs o0lIeid MpoTsKeHHO-
CTBIO TIpoOliecca HaOmoaeHnit. Booap 310 nermoukn
0JI0KOB MPOBOIMTCS TapajuiesibHasi oOpaboTka Ha-
yaJIbHBIX JaHHBIX, HallpaBJieHHasl Ha CIJakKMBaHUE
ObICTpBIX (irykTyanuii. CriaaxkeHHbIe TaHHbIE 3aTeM
KCIIOJIB3YIOTCS LIS OTIpeieJIeHUs] JTHEBHOM HapaboT-
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KM O30HA 3a cyeT (POTOXMMMYECKUX pEeaKlMii, ero
MUHUMAJIbHBIX HOUHBIX YPOBHE, a TAK:KE BEJTMYMHBI
HOYHBIX MaKCUMYMOB. Bo3MoOXXHOCTHU IIpemiaraeMo-
ro Ioaxoaa AEMOHCTPUPYIOTCS Ha MpUMepe aHajIu3a
JaHHBbIX MOHUTOPUHTIA IIPU3EMHOro 030Ha B MoCKBe
B 2020 1.

B MDA PAH nponoinkajloch pa3BUTUE U YCOBEP-
IIEHCTBOBaHNWE HAa3¢MHOTO MeEToIa MHOTOYTJIOBOI
nuddepeHumnanbHoit cnekrpockonuu (JIOAC) orpe-
nenenust cogepxanus NO,, H,CO u npyrux xumude-
CKM aKTUBHBIX Ta30B B IIOTPAaHUIHOM cjioe aTMoche-
peL. B 2016 r. rpyniima MDA PAH mpuHsiia ygactre B
MEXIYHAPOIHBIX CPaBHEHUSIX TTIPUOOPOB U METOIUK
usmepenuss NO, u npyrux razoB merogom JOAC —
CINDI-2. Ha cpaBHenmsax CINDI-2 obutn mpen-
CTaBJICHBI 36 CITIEKTPaIbHBIX IPUOOPOB OT 26 pas3iind-
HbIX HaydyHbIX Tpymil. B cratesx [Kreher et al., 2020;
Wang et al., 2020] npuBeneHBI pe3yabTaThl CpaBHE-
HUM METOINMK BOCCTAHOBJIICHUS TAKMX XUMUYECKU
aKTUBHBIX BEIECTB, BIUSIOIIMX Ha XMMHUIO O30HA,
kak NO,, O4, O;, H,CO, HNO,. ITo pe3syiabraTtam
cpaBHeHMIT CchHOPMYIMPOBAHBl PEKOMEHIAIIMU TIO
peXmMaM U3MepPEeHUI B mapaMeTpaM 00paboTKM 13-
Mmepenuit Metoga JJOAC.

B MOA CO PAH pazpaboraH HOBBII nuUmap st
U3MEpPEeHUsT TpOHoC(PEpPHOr0 O30Ha U a’3pPO30JIs
[Nevzorov et al., 2022]. JIugapHasi cucTeMa co3gaHa
Ha 6a3e nmasepa QX 500 (“COJIAP JIC”, benapych) u
teneckomna KaccerpeHa ¢ gmaMeTpoM HOpHEMHOIO
3epkana 0,35 M 1 pokycHbIM paccTossHueM 0.7 M. OHa
paboTaeT Ha JjirHaX BOJIH 299/341 HM 1 noJKHa TTepe-
KpbIBaTh auara3oH BeIcOT oT ~0.1 o 12 kM. Tam xe
CYIIIECTBEHHO pacIIpeHa BO3MOXHOCTb MOHUTOPHH-
ra YO conmHeuHoOM paguauuu B obcepBaropun “dDo-
HoBas1” [benaH u np., 2022] 1 pa3paboTaH HOBBI Jie-
TekTop Y@ msnydyeHus [TeHTioKoB u ap., 2021].

B AO “OIITBK” (Cankrt-Ilerepoypr, Poccus)
CO37IaH Ta30aHaJIM3aTOP CUHIVIETHOIO KHUCJI0poJa
[Iasenko et al., 2019]. ITpuHLIMT TpHOOPa OCHOBAH HA
XEeMWJIIOMUHECIEHTHOI peakuun 9,10-medunanrpa-
eHa. HoBwiii razoaHanuzaTop IpeaHasHayeH st
pelIeHusT IUPOKOTO CIieKTpa (hyHIaMEHTaJbHBIX U
MPUKJIAIHbIX 33J1a4, CBSI3aHHbBIX C IPOLIECCAMU U SIB-
JICHUSIMM Ha IpaHUlIe MEeXIy OMOTeHHOM U aOMOTreH-
Hoii mpuponoii. Ero Bo3MoXXHOCTU, MPOAEMOHCTPU-
poBaHHBIE Ha TIpUMepax MOHUTOPUHra KOHIEHTpa-
Ui 3arpsi3HUTENIE B aTMochepHOM BO3AyXe, Ha
SKCIEPUMEHTAX [N Vivo W in Vitro 110 pEeTUCTPaALIMA
CUHIJIETHOTO KHUCJIOpOJa Ha TIOBEPXHOCTU CHera u
BOJIM3U pacTeHUl, 3apakeHHbIX MaTOTeHHBIM TIpU-
OOM, a TaKkKe Ha UCIBITAHUIX (POTOKATATNTUIECCKUX
MaTepuaioB, pa3paboTaHHbBIX JIs1 UCTIOJIb30BaHUS B
MEIUIIMHE U B OXpaHe apXUTEKTYPHBIX U CKYJIbITYP-
HBIX MTAMSITHUKOB OT OUOIETEpUOPALIUHU.

SAKJIIOYEHHME

B 2019—2022 rr. Ha Tepputopuu Poccuu nponos-
JKaJIMCh UCCIIeIOBaHUsI aTMOC(EepHOro 030Ha, Kak B
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pamkax ['ocymapcTBeHHBIX CUICTeMaM MOHMTOPUHTA,
TaK 1 THULIMATUBHBIMU TPYNIIaMU B By30BCKUX 1 Ha-
YYHBIX OpraHM3anusiXx. 3aMeTHO pacIIMpuiach CeTh
CTaHLIUI, IIPOBOISIINX U3MEPECHUS IIPU3EMHOI KOH-
HeHTpauuu o3oHa. Hauat Beimyck 0630poB o [1KO B
Poccuiickoit @enepanun.

CoBepIlIeHCTBOBAINCh METOOUKHA 00pabOTKM
JIaHHBIX, pa3padaTbIBAJIMCh HOBBEIC IIPUOOPHI. BBI-
MOJIHEH OOJbIIoi 00BbeM MCCIEeNOBaHUN MO MPO-
CTPAaHCTBEHHO-BPEMEHHON M3MEHIYMBOCTA KOHIICH-
Tpamuu 030Ha 1 (aKTopax ee OIpeaeITIONINX

C NOMOIIBIO YUCIIEHHOTO MOAEIUPOBAHMSI ClieIa-
HBI OLIEHKW KOMITOHEHTOB O30HOBBIX IIUKJIOB, a TaK-
K€ TEHIEHLIMU n3MeHeHus o30Ha 1o 2100 1.

Crenyer TakkKe OTMETUTH BBIXOH MOHOTpaduu
MMOCBSIIIIEHHOI UICTOPUH UCCICAOBAHMS 030HA, OXBa-
THIBAKOIIEI TTepUOod OT OTKPBITUSI KHUCIOPOAa 0 Ha-
crosmiero BpeMenu [Jlapun, 2022].

OPNHAHCHUPOBAHUME

PabGora BbINOJIHEHA B paMKaxX rocydapCTBEHHBIX 3a/1a-
uuit PYIH, MOA CO PAH, IAO, U®A PAH, UOM CO
PAH, NO® PAH, TML, UIT® PAH, JTNH CO PAH,
CIIol'y, I'TO, npu noagepxxke MpoeKToB MUHUCTEPCTBA
HayKU ¥ BeIciiero oopasoBanust P® (cornamenue 075-15-
2021-583), Poccuiickoro HaydHoro ¢onHga (IIpOETHI
Ne 20-17-00200u 21-17-210).
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The review contains the most significant results of the work of Russian scientists in the field of atmospheric
ozone research performed in 2019—2022. It considers observations of tropospheric ozone, its distribution and
variability in the territory of the Russian Federation, the relationship with atmospheric parameters, modeling of
education processes and the impact on public health. The state of stratospheric ozone over the region, modeling
of processes in the ozonosphere, developed methods and instruments were also analyzed. The review is part of
Russia’s national report on meteorology and atmospheric sciences, which was prepared for the International As-
sociation for Meteorology and Atmospheric Sciences (IAMAS). The report was reviewed and approved at the
XXVIII General Assembly of the International Geodetic and Geophysical Union (IUGG).
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