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IIpencraBiieH aHaJIM3 BapyalMii HHTETPAIBHOTO 10 BBICOTE COMEPKAHUST CTPATOC(HEPHOTO 030HA B CIIOSIX
13—18, 18—23 1 23—30 KM I10 JaHHBIM JUAAPHEIX ¥ CITyTHUKOBEIX n3MepeHuit B 2014—2022 rr. Hag 1. O6-
HUHCK (55.1° c.111., 36.6° B.1.). [IpoBeneHO MOAEIMPOBaHKE MEXTOAOBBIX Bapralliil 030Ha JJIs1 OTAEIbHBIX
KBapTaJIOB rojila METOJIOM MHOXECTBEHHOM JTMHEWHOM perpeccuu. B KadecTBe (haKTOpOB BJIUSHUS pac-
CMaTpUBAIMCh KBa3UABYXJICTHHE KoebaHus skBaTropruanbHoro Betpa (KJIK), ApkTudyeckast oCuMUIsSIIIs
(AO), Bap-Hunpo-l0xHoe konebanne (DHIOK), comreunas aktuBHOCTh (CA), ByJKaAaHUYECKHUIA a3pO-
30716 (BA) 1 mossipHbIe ctpaTocdepnbie obnaka (I1CO). Habmonanock yBenmdeHne coaepKaHusI 030HA B
BoctouHoit ase KJIK B uaTepsane BeicoT 18—30 kM (I-11 xB.) u B 3anmanHoit pase KJIK B uaTepBane 13—
23 xMm (IV xB.). B otnenpHBIX cossx ooHapyxeHbI 3HaunMble BimssHust AO (II-111 kB.), CA (I-11 kB.) 1 BA
(III-1V kB.). Bmusaue I1CO B TeueHue roga mmpossiisieTcs: cHadaja Bo 11 kBapraie B ciioe 13—18 km, a 3a-
teM B IV xBaprane B cioe 13—23 kM. PaccMoTpeHBI BO3MOXHEIE (PH3MIECKIE MEXaHU3MBI, JIeXKaIllie B OC-

HOBE€ HaOJI0JaeMbIX KOPPCIAIMOHHBIX CBSI3EM.

KitoueBble ciioBa: cTparocgepHbIid 030H, JIUAApHbIe U3MEPEHUST 030Ha, BapUallii 030Ha, METOI MHOXKe-

CTBEHHOI JIMHEIHON perpeccuun
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BBEAEHUE

CrpaTochepHblit 030H SIBJISIETCS 3alIUTHBIM CJIO-
eM, IIpeaoXpaHsIoIINM Ouocdepy 3eMJIM OT BO3ACH-
CTBUS YIbTpadUOJIETOBOTO u3aydeHUs. B 3Haum-
TEJbHOW MEpE OH ONpeNessieT TEPMUUYECKUN pEeXUM
cTpatocdepsl 1 TEM CaMBIM SIBIISIETCSI BaXKHBIM (DaK-
TOPOM, BIIMSIIOIIMM Ha (DOTOXMMHUYECKUE ITPOLIECCHI
U OUHAMUKY aTtMocdepbl. I1oaToMy MOHUTOPHHT
cTpaToc(pepHOTr0 030Ha, €ro BapualMd U TPEHIBI
MIPUBJIEKAIOT MIPUCTaJIbHOE BHUMAaHIE NCCIIEI0BaTe-
JIeii. AHanu3 Bapualuii coaepXaHUSI O30HA B pas-
JIMYHBIX BBICOTHBIX CJIOSIX MPEICTaBISCT MHTEPEC C
TOUYKM 3PESHUS BBISIBJICHUS (DU3NYECCKNX MEXaHU3MOB
1 (aKTOpPOB, OMpENE/SIIONINX COAepKaHUE O30HA.
B cBotO ouepenp, 3HaHNE (HAKTOPOB BIUSHUS HEOO-
XOIUMO JUISI TIOCTPOCHUSI XMMUKO-KIMMAaTUUYECKUX
MoJEeJIei 1 MPOrHO3UPOBAHMS BO3MOXKHOIO U3MEHEe-
HUS COAepKaHUS 30Ha B Pe3y/IbTaTe M3MEHEHUS 3TUX
¢aKkTOpPOB B X01e ITTOOATbHOIO ITOTEIUICHUSI.

B Hacrosee BpeMsi OCHOBHOE€ BHUMaHUE yIeJIsi-
€TCSl CITyTHUKOBBIM METOJaM HaOII0IeHUS 32 O30HO-
BBIM CJIOE€M, TIOCKOJIBKY OHU alOT IIOOAIBHYIO Kap-
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TUHY pacHpeneeHusI 1 M3MEHEHUsI 030HA. Tem He
MEHee, Ha3eMHbIe OTUCTAaHIIMOHHBIE M KOHTAaKTHEIE
OaJUIOHHBIE U3MEPEHUST OCTAIOTCS BaXKHOM COCTaB-
JISTIONIE CUCTeMbl MOHUTOPHUHTA 030HOBOTO cjiost. K
WX YUCJTy OTHOCSITCS TUAAPHBIC U3MEPEHUS METOIOM
I depeHIMaILHOIO ITONIONIeHMS. BaxXHbIM MO-
TEHUMAJILHBIM IPEUMYIIECTBOM JIMAAPHBIX U3MeEpe-
HUI1 SIBJISIETCS BBICOKOE IIPOCTPAHCTBEHHOE pa3pe-
IIEHWE U 3HAYMUTEIbHO MEHBIIINI 110 CPpaBHEHUIO CO
CIyTHUKOBBIMU Me€TOAaMU OOBEM HCHOIb3yeMO
anpuopHoit mHpopmaumu. OnpeneieHHBIM HEIO-
CTaTKOM SIBJISIETCSI 3aBUCUMOCTD OT ITOTOIHBIX YCIIO-
BUii, MOCKOJIbKY H3MEPEHMsS MOTYT IIPOBOIUTHCS
TOJILKO B HOYHOE BpEMSI U B OTCYTCTBUY OOJIAUHOCTH.
B nanHo#1 paboTe mpeacTaBiaCcHBI Pe3yJIbTAThl INAAP-
HBIX M3MEpeHU cTpaTocdepHOoro o3oHa Hax I. O0-
HUHCK (55.1° c.u1., 36.6° B.1.). ¢ 2014 110 2022 1T, 10-
MMOJTHEHHBIE B HEOOXOMMMBIX CIy4YasiX CITyTHUKOBbBI-
MU JaHHBIMU MLS Aura. DTo 0CO0€HHO BaxKHO OJIsI
SMMHETO C€30Ha, Korjia BBITIOTHECHUEC JINAAPHBIX N3-
MEPEHUI 4acTO OrpaHUYE€HO MOTOAHBIMM YCIOBUSI-
mu. Lleapio paboTHI IBASIETCS CTATUCTUYECKUI aHAIN3
Bapralyii comepXXaHusi 030HAa B OTHEJIBHBIX CTPaToO-
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Ta6mmma 1. PesynbraThl cCOMOCTaBICHUS TUAAPHBIX U CITyTHUKOBBIX U3MEPEHUIA

TTonoxeHue cios1, KM Becha Jleto OceHb
OTHOcUTeIbHAas BEIU- 13—18 1.8 0.9
unHa pasHuisl (8)/C, 18—23 —0.1 —0.5
% 23-30 1.4 3.0

cepHBIX CI0SIX Hal TOYKOM HaobmoneHus I. OOHUHCK,
TIpEeACTaBIISTIONIEH eHTpaTbHYIO YacTh ETP.

NCXOOHBIE JAHHBIE

HM3MepeHus TpOBOAUINUCH B IMAITa30HE BBHICOT OT
12 o 35 kM ¢ momo1bio tuagapa AK-3 metogom nud-
depeHIUAILHOTO TIOTJIONIeHMST Ha IIrHax BoJaH 308
u 355 am [UBaHOB 1 1p., 2020]. Bcero 3a paccmaTpu-
BaeMBbIii IEPUO, BEIIIOJIHEHO 686 JIMIapHBIX U3MeEpPe-
auii. [TpoGersl B IMaapHBIX NU3MEPEHUSIX 3aTI0JTHEHBI
CIYTHUKOBBIMU AAHHBIMHU. JIJIST 3TOI LIeIM UCTIONb-
30BaHbI OIepaTUBHBIE JaHHbIE U3MEPEHMIT IPHUOOPOM
MLS, ycraHoBieHHBIM Ha cnyTHuUKe Aura (NASA)
[Aura MLS]. Cpenu Bcex uamepenuiit MLS Aura BEI-
GUPAIVICh U3MEPEHMSI, KOTOPHIE YIOBIETBOPSIIN OMpe-
JIeJICHHBIM ITPOCTPAHCTBEHHO-BPEMEHHBIM YCJTIOBUSIM:
a) pacctostHue He 6oiiee 500 KM OT MecTa pacIioioxKe-
HUs unapa; 6) BpeMs 17 4 oT BpeMeHU U3MepeHUs
Juaapa. B oTmenbHble DHU CITyTHHUKOBBIE M3Mepe-
HUSI, COOTBETCTBYIOIINE 3TUM YCIOBUSIM, OTCYTCTBO-
Baym. B pesynbrare 0bu10 10o0aBaeHO 2371 CIIyTHUKO-
Boe u3MepeHue. CIIyTHUKOBEIE JaHHbIE MIEPECYUThI-
BaJIUCh K T€OMETPUYECKOM CHCTeMe KOOpOUHAT C
MMOMOIILIO a3POJIOTUYECKUX WU3MEPEHUI, ITOTyYeH-
HBIX ¢ Omkaiinero K OGHUHCKY ITyHKTa Paglo30H-
JUPOBAHUSL.

715 IpoBEpKU COMTOCTABUMOCTH PE3YJIbTATOB JI-
TMApHBIX U CIIYTHUKOBBIX M3MEPEHUI MTPOBENEHO MX
CpaBHEHHME TIO TeM JaTaM, KOrJga OTHOBPEMEHHO
WMEVCh U T€ M IpyTHe MaHHbIe. J1JIs cpaBHeHMS B34~
THI CpeTHECE30HHbIE 3HAYCHMST CpeNHEe KOHIICHTpa-
oy o30Ha B cirostx 13—18, 18—23 m 23—30 kM ¢ 2014
mo 2022 rr. PaccunTeiBanach CpemHsIsl pa3HULIA JIM-

JapHBbIX U CITYTHUKOBBIX HaHHBIX <8>, n €€ OTHOCHU-

TeJIbHasl BeJIMIMHA 6/(C>, roe C — cpenHsss MHOTO-
JIETHSISI KOHLICHTpAlLlMsl O30Ha B JTaHHOM CJIO€ OJIs
JMaHHOTO ce30Ha. Pe3ynbTaThl COMOCTaBICHUS IS
BECHHBI, JIeTa U OCEHU IpeACTaBIeHbI B Ta0a. 1. 3uM-
HUI CE30H He pacCMaTPUBAJICS, TIOCKOJIbKY IS HETO
CTaTUCTUKA JIUIAPHBIX U3MEPEHUI B OTOEIbHBIE TO-
JIBI MOTJIa OBITH HEIOCTATOYHOI, K TOMY K€ B 3TO Bpe-
M roa HabogaeTcs GOMbIIasi MPOCTPAHCTBEHHO-
BpeMeHHasI U3MEHYMBOCTh KOHILIEHTPALIUU 030HA.

M3 Tads. 1 BUIHO, 4TO CMEIIeHUe TUIapHBIX JaH-
HBIX OTHOCHUTEJIBbHO CITyTHUKOBBLIX B OOJIBIIMHCTBE
ciaydaeB He TipeBbiiiaeT 1.6%. [ToayyeHHBIE OLIEHKHN
pPa3sHUIIBI M3MEPEHUIT TBYMsI METOIAMM BKIJIIOYAIOT
KaK MOTPEITHOCTHA U3MEPEHUI 000MX METOIOB, TaK 1

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

BJIMSIHUE pa3Inunii B IPOCTPaHCTBEHHO-BPEMEHHOM
obyracty nm3MmepeHnuii. Ha ocHoBaHMU OaHHBIX, TIPU-
BEIECHHBIX B Ta0J. 1, MOXHO OLIEHUTH ITOTPEITHOCTHU
00BEIMHEHHOTO PSIIa JTUIAPHBIX M CITYTHUKOBBIX 13-
MepeHuii. [I1s1 1eneit KOHTpoJIst pe3yJIbTaTOB CTaTH-
CTUYECKOIO MOMACINPOBAHUS MOXHO IPUHSITH OpPHU-
€HTUPOBOYHBINA YPOBEHD ITOrPELIIHOCTH OKOJIO 2%.

B kxauecTBe UCXOOHBIX JaHHBIX JIJI1 MOJIEJIMPOBa-
HUS B3SITO MHTETpaJIbHOE T10 BBICOTE CJI0SI COAEpXKa-
Hue o3oHa (MCO) mns BBIOpaHHBIX TPEX BBICOTHBIX
cioeB: 13—18, 18—23 u 23—30 kM. UHTEpBan BHICOT
OT Tpomoray3bl A0 23 KM HEpEeNKO pacCMaTpUBaeTCs
B 1IeJIOM KaK HUXHsIs cTpaTocdepa. B naHHoit pabo-
Te OH pa30uUT Ha ABa nmoacosi. B coorBeTcTBUY C 1aH-
HbiMU [Eriksson, Chen, 2002; KopmyHos, 3ybaydes,
2018] B cioe 13—18 KM OCHOBHBIM UCTOUHUKOM 030-
Ha B 3UMHe-BeCEHHee BpeMsl SIBJISIETCS aNBEeKIMS U3
MIPUIMIOJISIPHBIX OobJyiacTei, a Ha BbIcoTax 18—23 KM
030H ITOCTYITAeT MPEUMYIIECTBEHHO U3 TPOITMYESCKOM
o0JacTu.

B mmmporHoii 30He OGHMHCKA HAaUOOIbIIIE Bapy-
Al KOHIIEHTPaUy O30HA CBSI3aHBI C €T0 CE30H-
HbIM XonoM. Ce3zoHHrble Bapuanuu MICO B oTaenb-
HBIX CJIOSIX cTpaTocdephl MO JaHHBIM U3MEPEHUIA C
2014 mo 2021 rr. Hag r. OGHMHCK MOKa3aHbI Ha puc. 1.
OTMEeTUM pa3HUIy B CE30HHOM XOAe B HWXKHE u
cpenHeit crtpatochepe. Ecau B ciossx 13—18 u 18—
23 kM makcumym MCO nHabmomaeTcss B 3UMHE-Be-
CeHHee BpeMsI, TO Ha BbIcoTax 23—30 KM — B JIETHU I
nepuon. MakcumajbHas aMIIUTyIa CE30HHOTO X01a
Habmonaercd B cioe 13—18 kM. OTiInYusa cE30HHOTO
xona B cinosx 13—18 n 18—23 kM 3aximoyarorcs B 60-
Jiee IIPOHOJIKUTEIBHOM II0 BpEMEHU MUHHMYME B
cioe 13—18 XM ¥ HaIUMYUM B 3TOM CJIO€ ABOMHOTO
MakCcUMyMa B 3MMHE-BECEHHMI Iiepuon. Makcu-
MaJjibHasi KOHIICHTpallis 030Ha B 3UMHEe BpeMsl Ha-
omromaeTtcs B cinoe 18—23 km.

MOJIEJIJMPOBAHUE BAPUALIM O30HA

C 11e1B10 UCKITIOUEHMS ce30HHBIX Bapuanuit MCO
paccMaTpuBaIIMCh MexXTonoBbie Bapuamu MCO mins
OTIENbHBIX KBAPTATOB TOma y; = ¥, — <Yj>, e j — HoMep
roma (j = 1, ...9), ¥, — BpemenHoii psn UCO, <Yj> —
cpennsst BeanunHa MCO. BennuuHel y; (nasiee Bapu-
aly 030HA) CBSI3aHbI C U3BECTHBIMU aTMOChepPHbI-
MU SIBJICHUSIMU, OIIPEASISIIONIMMU IUHAMUYECKIE 1
MUKpopU3NUEeCcKe MpoliecChl B aTMocdepe [3Bsi-
ruHLeB 1 ap., 2015]. Jag BEISIBICHUS CTaTUCTUYE-
Ne 5
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Puc. 1. Ce3onnsbiii xon MCO st cinoes 13—18 (1), 18—23 (2) u 23—30 kM (3) Haa r. OGHUHCK.

CKUX CBsI3€il HaOJI0IaeMbIX BapyallMii 030Ha ¢ pu-
SUYECCKMUMU TITapaMeTpaMU-IIPpEAUKTOPaAMM, OITHUCHI-
BalOIIMMU BTU TIPOLIECCHI, MCMOJb30BAJICI METOM
MHOXECTBEHHOM JIMHEMHOI perpecCcuu.

YpaBHEHUE perpeccu B MaTPUYHOI 3aMCU MMe-
eT BUI
y;, = >x. P..

il T €,

(1)

rAe X; — UCKOMble KO3 (HULIMEHT CBSI3U JI TIPEIUK-
Topa i, P; — cpenHeKBapTaabHble BEIMYUHBI BapHa-
it (OTKJIOHEHMI OT CPENHUX 3a BECh MEPHUOI C
2014—2022 rr. 3HayeHunit) npegukropa i (i =1, ... N,
IS TO/1a /, € — HEBAZKMU.

VYpaBHeHue (1) pemasoch OTHOCUTENBHO KO3(-
(u1MeHTOB X; METOAOM HAMMEHBIIUX KBaApaTOB.
st ouenku CKO ko3ddULIMEHTOB X; UCMOJIb30Ba-
JJach KOBapMallMOHHas Marpula pemreHus D(x) =
= (P"P)~'c?, tne 6? — nucnepcus y,. Benmnmunna o2
OlLIeHUBaJIach Mo HeBsi3KaM [XyacoH, 1967].

B xauecTBe MpearKTOPOB B3SIThl YACTO UCIIOIb3Y-
eMble MPU CTaTUCTUUECKOM MOJIeJIMPOBAaHUY Bapua-
LI 030Ha MapaMeTpbl: MYJbTU-TIApaMeTpUUeCKUit
uHaekc dib-Huubo/KOxHOTO KONMeb6anus (DHIOK)
[MEI. V2], ckopocTh CpelHEe30HaJIbHOIO BETpa Ha
sKkBaTope Ha ypoBHe 30 mOoap [QBO data], npencras-
Jistronast kBasuapyxietHue Koygebanus (KJIK) sksa-
TOPUATIBHOTO BETPa, MHAEKC APKTUUYECKOI OCLIUIIISI-
muu (AO) [Arctic oscillation], cpenHeMecsTYHbBIE 3Ha-
YEHUSsI IOTOKA COJTHEYHOU SHEPTMU Ha JJIMHE BOJTHbI
10.7 cMm, Kak Mepa comHedHoii akTuBHOCTH (CA) [So-
lar radio flux]. Kpome TOro, YYMTHIBAJIOCH BIMSHUE
MoJsIpHBIX cTpaTocepHBIX 00akoB (I1ICO) u Byi-
KaHN4YeCKOro aspo3ods (BA).

Bnustaue I1CO Ha 030H, KaK U3BECTHO, CBSI3AaHO C
KOJIMYECTBOM M BpemeHeM cyluectBoBaHus I1CO

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

[Hukudoposa u np., 2017; Ueanosa u ap., 2018;
IIBeTkoBa u ap., 2021]. COOTBETCTBEHHO, B KaUeCTBE
npeaukTopa s [ICO B3gT mHTETrpajl OT ITUIOLIAIN
I1CO 10 BpeMeHM B TeUdeHHNE 3MMHETO Ce30Ha IS
JIaHHOTO Toja. Pacuer ykazaHHBIX BEJIMYUH IIPOBE-
JIeH ¢ Mcrnojb3oBaHneM maHHBIX [Ozone hole size].
[NonyyeHHBIE 3HAYEHUSI UHTETPAJIOB B OTHOCUTEIb-
HBIX eguHUIax ¢ 2014 mo 2022 rr. cocraBmian 1.15,
0.14, 2.10, 0.27, 1.10, 0.048, 2.08, 0.33, 1.77. Makcu-
MaJIbHbIE BEJIMYMHBI MHTErpajioB oTHocsaTcs K 2016,
2020 1 2022 rT.

Hdna aHanm3a BKJIama BYJIKAHMIECKOTO a3pPOo30Jist
(BA) B Bapuanum o30Ha B JaHHOIT paboTe MpHHSTA
VIIpOIIIEHHAsT MOIEeIb, B KOTOPOU MpenroaraeTcs,
YTO BO3JEHCTBUE a’p0O30Jisi HA O30H IPOIOPIHO-
HaJbHO BEJMYMHE BBIOPOCOB (dMUCCHUIT) cepbl B
cTpatocepy TpU BYJIKAHUYECKUX M3BEPXKEHUSIX
B3pBIBHOTO THUMa. [Ipy 3TOM BBOIMTCS ompeneseH-
Hasi BpeMeHHasl 3aJepXKa W HEeKOTOpOoe TeKylllee
BpEMEHHOE yCpEeTHEHUE, YIUTHIBAIOIINE ITPOIIECCHI
TepeHoca a’dpo30iisI OT UCTOYHUKOB OO TOYKM Ha-
omromeHusi. Beioop mapamMeTpoB 3aiep:KKNU U yCper -
HEHMST TIPOBOIWIICS Ha OCHOBE SMITMPUIECKUX TaH-
HBIX 10 M3BECTHBIM HaOTIOMEHUSIM BYTKaHMIECKOTO
a’po30J1s.

I1pu 3amaHuu sMuccuit 3a OCHOBY B3siTa TabuIIa
CpeIHEMECSIYHbBIX 3HAU€HU I BBIOPOCOB CEPHI B CTpa-
Tochepy It OTOEIbHBIX ByJaKaHOB [Schallock et al.,
2021]. 3a HEeMHOTMMY UCKIIOYCHUSIMU U3BEPKEHUS,
npencraBiaeHHble B [Schallock et al., 2021], nmenu
MECTO B TpoIIMYecKoM mosice (23° 1o.m1., 23° c.imi.).
BOMUCcCUM BCeX BYJIKAHOB 3a MECSIl CYMMUPOBAIKCH.
Tabnuua asmuccuii B [Schallock et al, 2021] koH4yaeT-
cst aBryctoM 2019 r. TToaTtomMy 66T 1OOABJIEHBI TaH-
Hble kaTtasiora NASA [SO, emissions] o 2021 r. 4
ONHOPOJHOCTU OOIllero psifa B AaHHbIE [SO, emis-
Ne 5
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Puc. 2. BpeMeHHOI X0 cpeTHEeMECIYHBIX SMUCCUI cepbl B cTpaTocdepy.

sions]| BBOOMJICS KOPPEKTUPYIOLINI KO3(DGDUILIMEHT,
KOTODKII OBLI OIpeaesieH Ha OCHOBE aHa/In3a mnepe-
KpBIBAIOIIMXCSI 110 BpEMEHU NTaHHBIX IBYX psinoB. B
JIOTIOJTHEHUE K a3pO030J110 ByTKaHUUYECKUX U3BEpXKe-
HUi1 ObUIY YYTEHBI SMUCCUM ABCTPAJIMICKUX JIECHBIX
noxapoB B sgHBape 2020 r. [Khaykin et al., 2020],
CpaBHUMBIE 11O BEJIUYMHE BLIOPOCA Cephbl B CTPATO-
chepy ¢ KpYITHBIM BYJIKAHMYECKUM M3Bep:KeHneM. B
niepBoit mosoBuHE 2020 T. a3p0301b ABCTpATUMCKIX
JIECHBIX ITIOXapOB HaOIIOmalicsi B 9KBAaTOPUATLHOI
o0OJractu Ha BeIcoTax OT 18 no 30 kM. BpemeHHoi1 psin
JaHHBIX IT0 BCEM 3MUCCUAM TPEaCTaBlIeH Ha puc. 2.
OtnenbHBIE TIMKM COOTBETCTBYIOT ByiakaHaM Kelud
(8°10.111., 112° B.A.), Calbuco (41° 1o0.11., 73° 3.1.), Am-
bae (15° 10.11., 168° B.1.), Raikoke (48° c.i., 153° B.11.),
Ulawun (5° 10.111., 151° B.11.), Soufriere (17° c.ur., 1° B.4.)
1 ABCTpaluiicKuM TipupoaHbIM rmoxapam (Aff). Ilo-
CKONBKY maHHble misg 2022 T. OTCyTCTBOBAJIM, IJIsI
2022 r. npuHSITHI CpeTHUE 3HAYCHUS 32 TIPEAbIIyIIe
TOJIbI.

ITpu popmMupoBaHY PyHKIUU-TIPEAUKTOPA BCE
MU3BEPXKEHUSI U COOTBETCTBYIOIIME SMUCCUU OBLIH
pa3ouTHI Ha ABE rpynnbl. B mepByio BXoOaMIu Majbie
U CpeoHMEe M3BEPXKEHUSI TPOITMYECKOIo IMosica, BO
BTOPYIO — OoJiee KPYIHBIC U3BepkKeHUsI. XapaKTep-
HOE BpeMs MOSBJICHUS a3P030JIs B CPETHUX IIIUPO-
Tax TOCJIe M3BEPXEHMs BYIKAHOB TPOIIMYECKOTO
nosica cocraBisieT 4—6 Mecsiies | Briihl et al., 2015].
COOTBETCTBEHHO, IIJISI MaJIbIX U CPEOHUX U3BEpPXKe-
HUI1 ObLI IIPUHST BpeMEHHOM cIBUT 5 MecsueB. s
KPYIHBIX U3BEPKCHUIT BHETPOITMYCCKUX BYJIKAHOB
IOxnoro nonymapus Calbuco u Ambae ¢ ydyeToM
HabJogaeMoro BpeMEeHU TMOsIBJIEHUSI OTKJIMKAa B
paitoHe OOHMHCKA MIPUHSITHI BpeMEHHBIE CIBUTH §
n 10 MecstuieB, IJIsT a3p030s ABCTPAIUMCKUX JieC-
HBIX TTOXapoB — 12 mecsueB. i cpeaHEITUPOTHO -
ro ByikaHa Paiikoke BpeMeHHas 3aaepXKa ero pac-

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

IpocTpaHeHUs Ha cioil 18—23 KM, jiexXalluii BbIIlle
YPOBHSI MepBOHAYaJIbHOTO BhIOpOCA, MPUHSTA paB-
HOIt ueThipeM Mecsiam. [locie ykazaHHOro cMmenie-
HUSI ODMUCCUI MTPOBEACHO UX TPEXMECSIYHOE TeKY-
1ee yCpenHeHue.

PE3VYJIBTATBI MOJAEJIMPOBAHUA

Ilepen mpoBegeHWEM MONENMPOBAHUSI ObLT BbI-
MOJIHEH TECT Ha HaJIMYUE JIMHEHHOIO TPEeHIa HETIO-
CPEICTBEHHO B MCXOIHBIX BapualMUAX O30HA y; TIO
BCeM BBIOpaHHBIM CJIOSIM U KBapTajiaM rojga. 3Hadyu-
MBIX 3HAaU€HUI TpeHIa 0OHapyXEeHO He ObLIO.

st BIOOpa ONTUMAabHOTO YKCia U TUIIA Mpe-
JTUKTOPOB MOJEIMPOBaHNE MPOBOAMIIOCH B IBa ATara
C TIocJieIoBaTe/IbHBIM YMEHbIIIEHEM Yuciia MpeanuK-
TopoB. Ha repBom aTare Ucrojib30BaJIMCh BCE 11IECThb
paccMOTpeHHBIX BhIIe npeaukTopoB BA, CA, I1CO,
KAK, 9HIOK, AO. Ilo pe3yabraTaM NpOBEAECHHbBIX
WCTOBITAHWI 11 KaXKIOTO BapruaHTa (KBapTall, CJTOit)
OBLIM OTOOPAHbI TPU MPEIUKTOPA C MAKCUMAaJIbHbIM
YPOBHEM 3HAYUMOCTH, U Ha CIEAyIOIIeM 3Tare Mpo-
BOIMUJIOCH MOAEIMPOBAHUE TOJIBKO C STUMMU TIPENUK-
TOpaMU.

PesynbTaThl 11s1 Bcex BApMaHTOB MOACINPOBAHMS
(TpM CJI0S1 IJIs1 YeThIpeX KBapTaJioB) CYMMUPOBAHbI B
TabJ1. 2. B KpaiiHeii 1eBoii KOJIOHKE MOKa3aHbl HOME-
pa KBapTaioB. JIsT KaXkIoro KBapTaja U CJIos B KO-
JIoHKax 1—4 mpencraBiaeHbI Cleayrolne BeIUIUHBL:
1 — ko3 dULMEHT AeTepMUHALIUU R?, 2 — TUIIBI UC-
MOJIb30BAaHHBIX IIPEIUKTOPOB (OPSIMBIM IIPUMTOM
MOKa3aHBbI IIPEAUKTOPHI, IJIsI KOTOPHIX ITOJIyYEeHBI KO-
3bbULIMEHTHI X;, 3HaUMMble Ha ypoBHE He 6osee 0.05,
KYPCHMBOM — OCTaJIbHBIE MTPEIUKTOPHI), 3 — 3HAK KO-
duimenTa x; 1151 3HAYMMOBOTO MPEAUKTOPA, 4 — OTHO-
cuTelibHas (110 OTHOILIEHUIO K 9KCIIEPUMEHTATBHOMY
Ne 5
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BAPUAILIMN COAEPXKAHUA CTPATOCO®EPHOI'O O30HA 589
Tab6muna 2. Pe3yabraThl IIOKBapTAJIbHOTO MOACIMPOBAHMS Baprallii 030Ha Ha pa3HbIX BHICOTAX
13—18 kM 18—23 km 23—30 kM
No
1 2 3 4 1 2 3 4 1 2 3 4
| 0.85 |KIK — 1.7 0.85 KIK — 4.9
CA — 1.7 BA
DHIOK — 1.5 CA
I1 0.53 [IICO — 2.0 0.62 |KIK — 2.2 0.76 KAK — 1.8
AO AO — 1.5 CA + 1.7
CA DHIOK — 1.6 AO
I11 0.79 |BA — 5.4 0.74 |BA — 1.0
AO — 2.9 AO — 1.9
DHIOK — 5.3 KK
v 0.72 |BA — 1.2 0.76 |BA — 3.6 0.51 AO + 2.8
T1CO — 9.7 T1CO — 2.7 CA
KK + 7.4 KIK + 2.1 DHIOK

cpenneMy MCO B nanHOM KBapTtajie) BenquunHa CKB
IIUIs JAHHOTO NpeAauKTopa B %. B 1ByxX BapraHTax Mo-
JIEeTUPOBaHUS 3HAYUMBIX PE3YIbTATOB IMOJIyYeHO HE
ObLITO.

Kak BugHO 13 TaGa. 2 B OOJBIIMHCTBE CIydacB
TTOJIydeHbI KO3 DUIIMEHTHI IeTepMUHALINY HA YPOB-
He He MeHee 0.7, 9TO TOBOPUT 00 yIOBJIETBOPHUTEIb-
HOM COOTBETCTBUM MOIECIU 3SKCIIEPUMEHTAIbHBIM
JaHHBIM. [ToHM>KeHHbBIE 3HAYeHUS KO3(PGUILINEHTOB
HabOmomaiorcsa Bo 11 xkBaprane B ciosix 13—18 u 18—
23 kM. CorrocTaBieHIE C CE30HHBIM XOJIOM ITOKAa3hI-
BAaeT, YTO B 3TUX CJIy4YasiX IPOUCXOOUT PE3KOe U3Me-
HEeHMEe KOHIIEHTpAaMM O30HA, YTO MOXET BHOCUTH
JIOTIOJITHUTEJIbHBIE HEOIIPENSICHHOCTU B CpeaHe-
KBapTajbHble 3HAaUYEHUS 1 CKa3bIBaeTCsI Ha pe3yJibTa-
Tax monenupoBaHus. Benrmuumnel CKB o30Ha, cBs-
3aHHBIE C OTIEJbHBIMU IIPEIUKTOPAMHU, COCTABIISIIOT
HeCKONBKO IponeHTOB oT MCO mis cOOTBETCTBYIO-
mero ciiosgd. OTHOCUTENbHASI MOTPEIIHOCTh OLIEHOK
CKB cocrasnster ~(30—50)%.

Yucno BBISBAEHHBIX 3HAUYMMBIX TPEAUKTOPOB
(TabJ1. 2) B 3aBUCUMOCTHU OT KBapTaJjia 1 CJIOSI MEHSIET-
csl OT OHOTO 10 Tpex. JJIst ciyyaeB ¢ OMHUM 3HAYM-
MBIM MPEAUKTOPOM TMPOBEPEHO HAJMYME JUHEIHO
KOPPEJISILIMOHHOM CBSI3U MEXIy BaprallMsIMU O30HA
Y TAaHHBIM MPETUKTOPOM y; = X;P; + €, B pesynbrate
MOJIydeHbl 3HauyeHUs KoaddulimeHTa JIUHeHHOMN
koppeisuun r = —0.84, —0.62, 0.53 u kosdduimeH-
ToB netepMuHaumu R? = 0.7, 0.4, 0.3 111 BapuaHTOB
(KK, 23—30 kM, I xBapran), (ITCO, 13—18 xwm,
IT xBaprtan) n (KIAK, 23—30 kM, IV xkBaptan). B nep-
BBIX IBYX BapuaHTaX ypOBEHb JIMHEIHON KOoppesi-
LIMX MOXHO CUMTATh JOCTATOUHO BHICOKHUM.

Ha puc. 3a—3r npuBeneHbl IpruMepbl BDEMEHHOTO
X0Jla MEXTOAOBBIX BapuvallMii 030Ha (KUpPHbIE JIU-
HUM) JJ151 OTNIEJIbHBIX KBAPTaJIOB U CJI0EB BMECTE C pe-
3yJibTaTaMU MOJIEIMPOBAHMS C TPEMS MPEAUKTOPaAMU

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

(TOHKME HenpepbhIBHbIE JIMHUN). 111 cpaBHEHUST Ha
puc. 3a u 3B NpeacTaBiieH TakxKe pe3ybTaT JIMHEl-
HOW KOPPEISIIMOHHOM CBSI3U (IITPUXOBBIE JIMHUM) C
€IMHCTBEHHBIM BblJeJIeHHbIM TipenukTopoM KJIK u
I1CO. Kak BunHO 13 puc. 3, mpoBeIeHHOE MOICIN-
pOBaHME JOCTATOYHO XOPOILIO NPEACTABISIOT MEXIO-
JIOBbIe Bapualiiu o30Ha. B ciyvasx 3a u 3B enuH-
crBeHHbIe TTpeaukTopbl KK 1 ITCO parot agekBaT-
HO€ BOCITPOM3BEIeHNUE BapUallMii Ha KaYeCTBEHHOM
YPOBHE.

OBCYXIEHMUE PE3VJIIbTATOB

CorocTaBruM NoOJyYeHHbIE pe3yJibTaTbl C U3BECT-
HBIMU JIATEPATyPHBIMU JaHHBIMU M PacCMOTPUM
BO3MOXHEBIE (U3NYECKUE MPUYMHBLI HaOII0IaeMbIX
Koppesanuii. Kak mokaspiBaeT Tabj. 2, 3HaYMMas
otpunareinbHas koppensaiusa ¢ KIK (yBeanueHue
030Ha B BOCTOUYHOI (pa3e) npossisercs B I u II kBap-
Tanax B cyossx 18—23 u 23—30 km. s ciaost 23—30
5TO HAIISIAHO JEMOHCTPUPYET PUC. 3a, Ha KOTOPOM JIJIsI
Kaxkmoro roma ooo3HadyeHa paza KJK. 13 puc. 3a Bua-
HO, YTO MaKCMMYyMBI 030Ha B cioe 23—30 KM Bcerma
HaOmonaroTcsd B BoctouHoit (paze KK, HecMoTpst Ha
c6oit daser KJIK B cezone 2015—2016 rr. [Osprey et al.,
2016], mocJie KoToporo 3anagHas ¢as3a 3aTIHy1ach Ha
nBa roma (2016 u 2017 rr.). I1o auTepaTypHBIM JaH-
HBIM YBEJIMYCHUE KOHIEHTPAUM O30HA B CPEIHUX
IIMPOTax, TakKKe IIPOMCXOOUT B BOCTOUHOI (hase
KAK [Sitnov, 2004], npermylilieCTBEHHO B HaUaJle roaa
[Randel, Wu, 2007; Ball et al., 2019]. AHTUKOppeISILMS
Bapualilrii o3oHa Ha BbicoTax 18—30 kM ¢ KJIK skBaTo-
puaiibHoro BeTpa Ha ypoBHe 30—40 rlla ObL1a BBISIB-
JIeHa MO JAHHBIM IJIUTEIbHBIX U3MEPEHU C ITOMO-
IIbI0 O30HO30HAOB B cpenHux muporax CeBepHOI
Amepnku n 3anmagHoit EBpomner [Ipy3nes 1 be3sepx-
Huii, 2005; I'py3nes u Bessepxuuii, 2006].
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Puc. 3. MexronoBble Bapuamuu cpenHeMecsTdHbix 3HaueHnit MCO — XupHBIe TMHUW, pe3yIbTaThl MOACIMPOBAHUS C TPEMSI
MpeIuKTOpaMU — TOHKHE CIUIOLIHbIC IMHUM, MOAESIMPOBAHUE B paAMKaX JIMHEWHOM KOPPESILIMOHHOM CBSI3U C NPEAUKTOPaMU
KJIK (a) u I[1ICO (B) — ITpUXOBBIEC IMHUM.
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IMonoxurensHast koppeisiumsa ¢ KK ormedaeTcst
B IV xBaptazne (Tabj. 2) B epuon Ce30HHOIO pocTa
KOHILIEHTpaluy 030Ha B c1osix 13—18 u 18—23 km. ITo-
BUAVMMOMY, B 3TOT II€pHOJ CTAHOBUTCSI CYIIIECTBEHHBIM
IEPEHOC 030Ha U3 TPOIIMKOB B pe3y/ibTaTe BUXPEBOIO
oOMeHa, KOTOPBIi YCUIMBAETCS TIpU OCJIabJIeHUU CyO-
TpoInmm4ecKoro 6aprepa B 3armagHoi dpaze KK u pocte
aKTMBHOCTH IUIaHETapHBIX BOJIH B KOHIIe roga. Poib
BUXPEBOTO TMepeMellMBaHUusl B MepeHOoce O030Ha U3
TPOIIMKOB B CpedHUE IIMPOTHl OTMeYajaach paHee B
[Benito-Barca et al, 2022] mo gaHHBIM XUMUKO-KJIH-
MaTUYEeCKOTO MOACIMPOBAHUS. YBeIUYeHUE KOH-
LeHTpalMu 030Ha B 3aragHoit pase KK Ha BeIcoTax
10—15 xM HaGIIOMAIOCH HA OTACIBHBIX CPETHEIINPOT -
HBIX CTaHIIMSIX 30HAMPOBaHUsI 030Ha [Sitnov, 2004].

AnTukoppensius ¢ ungekcom DHIOK (yBenuye-
HUM 030Ha B niepuon Jla- HuHbs) orMedaeTcs B Clnosx
18—23 1 13—18 kM (Tabu. 2). [IpoBeaeHHas IpoBepKa
rokasaja, 4YTo MaKcuMaJjlbHasi BeJIMYMHA aHTUKOpP-
pesaimy HaOIomaeTcsl IIpU HYJIEBOM Jare OTHOCH-
teabHO mHaekca DHIOK. CorocraBuM IojydeHHbIE
pe3yJIbTaThl C W3BECTHBIMU JaHHBIMU. BiausHue
OHIOK Ha Bapmaly KOHLIEHTpAaUK 030HA (C MOJI0-
XKUTEIbHBIM 3HAKOM KOPpEISIMM) HaOMomaaoch Ha
BbICOTax 17—36 KM 110 JaHHBIM O30HO30HIOBEIX N3Me-
penuii B 1966—1999 rr.B 3anmanHoii EBpone [[py3nes
n bessepxumnii, 2006]. I[Ipu 3TOM Bapuauuu O30HA
paccMaTpUBaJIMCh C JIATOM OT 2 710 8.5 MecsI11eB OTHO-
curenbHo DHIOK mns pa3HbBIX IyHKTOB HaOJIone-
Husi. B [Benito-Barca et al., 2022] mpencraBieHBI
JIaHHbIE YU CIIEHHOTO MOJEJIMPOBAHUS T10JIeid 030Ha C
nomo1bio Mmogeau WACCM, KoTopble ITOKa3aju JI0-
CTaTOYHO CJIOXKHYIO KapTUHY reorpaduieckoro pac-
npeaejaeHus: aMIuIuTyasl U ¢assl BausiHuss DHIOK
Ha BeIcoTHOM ypoBHe 70 rlla. B wactHocTHM, His
nyHkra OOHMHCK MHOJYy4YeHO YBEIMYCHUE KOHIICH-
Tpauuu 030Ha B riepuoa Dib- Hunbo. [IpuBeneHHbIE
npumepsl, Kacaromuecs dasbl BiussHus DHIOK Ha
Bapualny 030HA, HAXOOSTCS B IIPOTUBOPEYMHU C pe-
3yJIbTaTaMU JaHHOI paboThl. BO3MOXHOI MPpUYMHOMN
SIBJISIETCSI CJIOKHBIM XapakTep IUHAMUYECKUX TPO-
LIECCOB, KOTOPHIE IIPOSIBIISIIOTCSI, B KOHEYHOM CUETE,
Kak BaustHue DHIOK Ha KoHIleHTpanuio 030HA B
cpenHux muportax. B [Benito-Barca et al., 2022] ot-
MEYaJIOCh, YTO YCTOMUMBBIE CTAaTUCTUYECKUE CBSI3U
OHIOK ¢ npHamMuyecKuMu mmpolieccaMu B cTpaTocde-
pe U KOHLIEHTpalldeil 030Ha TOJIyJaroTcs JUIIb TpU
ncxmodeHny BymstHug KK, a B [Iza et al., 2016] — npu
HWCKIIIOUEHUH JIET C BHE3AIIHBIMM CTPaTOChepHBIMU
noterieHUussMM. Ha HeomHO3HAYHOCTb BIIMSIHUS
OHIOK Ha monspHbIii cTpaTocdepHBIii BUXpPb, OT
CTaOMJIBHOCTH KOTOPOTO TaK:Ke 3aBHUCAT BapHalluud
030Ha, obpamasock BHUMMaHue B [LIBeTkoBa U np.,
2021]. C yueToM 3TUX 3aMEYaHU BECbMa BEPOSITHO,
YTO BUJ KOppeassunu o3oHa ¢ mHaekcom DHIOK 3a-
BHICUT OT BBIOOpa BpEMEHHOTO MHTEPBaJjia U €T0 I~
TEJILHOCTH, YTO Y MOXET ObITh OCHOBHOI TTPUYMHOM
PacCMOTPEHHBIX BHIIIE PACXOXKICHUIA.
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Koppenasaansa o3ona ¢ CA HabmromaeTcst B IIEPBOit
nmojaoBUHe roaa B ciaosix 18—23 u 23—30 km. [1pu aTom
B | xBaprase (cmoit 18—23 kM) 3HAK KOPPEJISILINI OTPH-
nateseH, a Bo 11 kBapraine (cioii 23—30 kM) — T10JI0-
KkuteneH (Tabdn. 2). CMeHa 3HAaKOB, IO-BUIMMOMY,
CBsI3aHa Cc TeM, uto BiausiHue CA Ha 030H MMeeT Kak
(GOTOXMMUUECKYIO, TaK U TMHAMUYECKYIO COCTaBJISIIO-
mue. B Gonbiieit yactu cpenHeit armocdepbl KOH-
LIEHTpALIMs 030Ha HAa MacIITabax COJTHEYHOTO LIMKJIa
MmeHsieTcs B ¢paze ¢ CA B COOTBETCTBHE C (DOTOXMMMU -
YEeCKMM BO3AECHCTBUEM COJHEYHOTO U3IYYSHUSI.
[Ipy3mes, 2014a]. B maHHBIX HAOIIOMEHUSX TTOJIOKM-
TeJIbHasl Koppesiuus Bapuanuii o3oHa ¢ CA HaOJII0-
maetcs Bo 11 kBapraie B cimoe 23—30 kM (Tadir. 2), 9To
COOTBETCTBYET TaK3Ke pe3yJIbTaTaM CITyTHUKOBBIX U3-
Mmepenuii [[py3neB, 20146]. B 3suMmHMit riepro Biausi-
HUe (OTOXUMMUYECKOM COCTaBIsIIOLIEH ocnabsieTcs
(IaHHBIE YKMCJIEHHOTO MOJEIUPOBAHUS IJIsI STHBapsi
Ha mmpore 55° c.m. [KpuBonyukwuii u ap., 2015]). Ha
TEePBBIN TIJIaH BBIXOAUT BIUSIHYE TMHAMUYECKOM CO-
CTaBJISIONICH, YTO U TIPOSIBJISIETCSI B JAHHBIX HAOIIO-
nenusx (I xkBapran, cioit 18—23 km).

Bo II xBaprane (18—23 xm) u B I1I xBaprane (uH-
TepBal BHICOT 13—23 kM) HaOaOmaeTcs 3HAYMMAs
cBs13b ¢ AO (ta6in. 2). [IpyunHa 3TOro SIBJICHUS 3a-
KJIIOYAETCSl B TOM, UTO B YCJIOBUSIX YMEHbBILICHUST Me-
pUOMOHAJIBHOTO IlepeHoca o30Ha (ocobeHHo B III
KBapTajie roja) 3aMeTHOe BJIWSIHUE Ha Bapualuu
030Ha HAYMHAIOT OKa3blBaTh BEPTUKAIbHbBIE TBUKE-
Hus B ctpatocdepe [Eriksson, Chen, 2002; Kopiry-
HoB, 3y0aueB, 2018]. ITocienHue, B CBOIO Oo4epelb,
00yCIIOBJIEHBI CHHONITUYECKUMU MpoLieccaMu B TPO-
nocdepe [Hepymes, 2003].

3HaunMast aHTUKOPPEISIIUsS ¢ TIpeaukKTopoM BA
(Tabi1. 2) mposBisIeTCs B MHTEpBaje BhICOT 13—23 kM
BO BTOPOIi TTOJIOBMHE rofa. DTO CBI3aHO C yBeIUde-
HUEM coJepKaHUsI adpo30Jist Haa I. OGHUHCK JIETOM
u B Havaje oceHu [Kopurynos, 2022]. OTpuiiateiab-
Hasl KOppeJsius ¢ 3afepXaHHbIM BIUSIHUEM BYyIKa-
HUYECKHUX 3MUCCHI O3HayaeT NEeCTPYKIIMIO O30Ha,
CBSI3aHHYIO C CEPHOKHUCIOTHBIM aspo3oieM. Kpome
TOTO, onpeae/eHHbII BKJ1a MOXET BHOCUTh U pa3py-
IIEHWEe O30Ha B a’po30Jie MPUPOAHBIX TOXapoB. B
YaCcTHOCTHU, Takou 3¢dekT Habmonaacs B 001acTh
a’pPO30JILHOTO cliefa ABCTPAIMMUCKUX MPUPOIHBIX
noxapos [ Khaykin, 2020]. MexaHU3MBbI pa3pylieHUs
030Ha C Y4acTUEeM TeTepOTreHHbBIX peaklnii Ha a3po-
30JI¢ TOCTATOYHO CJIOXHBI — B 3aBUCUMOCTH OT CO-
JIep>KaHUsl 030HOPpAa3pyIIAIOIINX KOMITOHEHT, a TaK-
Ke UX MPeAIeCTBEHHUKOB, MOXET IIPOUCXOAUTH KaK
yBEeJIMUEHNE, TaK W yMEHbIIEHUE KOHIEHTpalUU
o30Ha [Solomon et al., 2022]. CornacHo [Naik et al.,
2017] B coBpeMeHHOIi aTMOocdepe B CpeaHEM IPOUC-
XOJIUT yBEJMYEHUE 030HA B CpeAHell cTparocdepe 1
€ro yMeHbllIeHNEe B HUXKHEN cTpaTocdepe, Mpu 3ToM
CYMMapHBIN 3(PdeKT 3aKIovYacTcsd B YMECHBIICHUN
o011IeTO coaepxkaHusI o30Ha. B 1ietoM pe3ynbTaThl
JTaHHOM pabOThl COOTBETCTBYIOT UMEIOIIUMCS TIpe-
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CTaBJICHUAM O BJIMAHHWM adpO030JId Ha COACPKAHMC
O30Ha.

3Hauynmoe BiausiHue ITCO B riepBoii IOJIOBUHE TO-
J1a orpaHnyeHo cjoeM 13—18 kM (Tab. 2). D1oT 3dh-
GEKT MOXET OBITh OOBSICHEH CJIEAYIOIINM O0pa3oM.
Paspymenue o3ona ¢ yaactuem I1CO mpoucxonur B
3MMHEe-BECEHHEee BpeMsl B IIPUIIOJISIDHOI 00JacTu,
3aTeM BO3IYIIHBIE MAaCChl C IIOHMKEHHBIM COIIEpKa-
HHEM 030HAa ITIePEHOCSTCS B CpeIHNE IIIUPOTHL. Boilire
OBLIO OTMEYEHO, 4TO B cyioe 13—18 KM OcHOBHas Mac-
ca 030Ha ITOCTYIIaeT IIPU CEBEPHOM MEPpUAMOHAIb-
HoM nepeHoce. [Toatomy cioit 13—18 kM HanbGonee
YyBCTBUTEJIEH K pPa3pylIeHUIO O30Ha C ydacTUEM
I1CO. Kak cinenyet u3 puc. 3B, Bapualiu 030Ha Tec-
HBbIM 00pa30M CBsi3aHbl UMeHHO ¢ Bapuauusmu [ICO
(LITPpUXOBBIE TUHUM), a He ¢ da3oit K/IK.

Kak BugHo 13 Ta6:. 2, B IV kBapTase HabmonaeT-
cs 3agepxanHoe BiaussHue I1CO. Ha kayecTBeHHOM
YPOBHE 3TO MOATBEPKIACTCS CXOACTBOM B UYepeaoBa-
HUY MUHUMYMOB M MAaKCUMYMOB Ha puc. 3T 1 3B (3a
uckiaoyeHneM MuHnumyMma 2019 r. Ha puc. 3r). Ilomny-
YeHHBIN PE3YJbTAaT MOXHO CUUTATh YaCTHBIM CJjiydya-
€M TIPOSIBJICHUS CTaTUCTUYECKU 3HAYUMOI KOppeisi-
LY BECEHHMX M OCECHHMX aHOMaJnit o30Ha [Fioletov
and Shepherd, 2003]. HakoruieHne o30Ha B IIPUIIO-
JISIPHOI 30HE M €ro IiepepaclipeiesieHrue 110 BCEMY
CeBepHOMY ITONYIIAPHUIO IIPOMCXOIUT B 3MMHE-Be-
CEHHUI1 ITIeproI B aKTUBHOM (pa3e umpKynsauun b-J1.
B netHee 1 oceHHee BpeMsI 3TOT IIpoliecc ocjadeBa-
€T, ¥ B HIDKHEH cTpaTocdepe NpOoUCXOOUT ITOCTEIIeH-
Hoe (poToXMMYecKoe pa3pylieHre o3oHa. [1pu atoM
BECEHHME aHOMAJIMM O30HA COXPAHSIOTCS IO IO3[I-
Heit oceHu [Fioletov and Shepherd, 2003].

SAKJIIOYEHHME

I[IpoBeneHO wMcclenoBaHKWE BapuallUii 030HA B
2014—2022 rr. Hag 1. O6HMHCK (55.1° c.a., 36.6° B.1.),
pacIojIoXeHHBIM B LieHTpaibHoM yactu ETP. C uc-
MMOIb30BaHMEM JAHHBIX JIMOAPHBIX U CITYTHUKOBBIX
W3MEPEHU pacCMOTPEHBbI BapuallMid O30Ha B TPeX
BBICOTHBIX cyosix 13—18, 18—23 u 23—30 kM. B HuX-
Hell cTtpartocdepe oT 13 1o 23 KM MaKCUMYyM coaep-
>KaHWSI 030HA OTMEYaeTcs B 3MMHE-BECEHHEee BpeMs,
B TO BpeMsI KakK B BhIIesexalieM cioe 23—30 kM — B
netHee. [IpoBeneH craTUCTUYECKUIA pErPeCCUOHHBIM
aHaJIM3 OTKJIOHEHUM COAEp:KAHUS O30HA OT CE30H-
HOro xoja. BBISIBIEHO, YTO BIMSIHHE pPa3IMIHBIX
¢dakTOpOB Ha BaprallM¥ O30HA MEHSIETCSI B 3aBUCH-
MOCTHU OT BpeMeHMU rojia v BeICOTHI c1osi. B I—11 kBap-
Tajax B MHTepBaje BhICOT 18—30 KM KOHIIEHTpaIUs
030Ha yBeanuuBaeTcs B BoctouHoi paze K/IK. Bo 11
KBapTaje B cjioe 13—18 kM 3aMeTHOe BIUsSHUE HA Ba-
puanuy 030Ha OKa3bIBAaeT pa3pylleHue 030Ha B 00-
snactu ITCO B 3MuMHe-BECEHHM M MepUoI C TOCIeAyIO-
1M TIEpeHOCOM OOEIHEHHOTO O30HOM BO31yXa B
TOYKY HaOJroAeHUS. 3aep:KaHHOe BO BpeMEHU BIIM-
suue [1CO obHapyxmBaetcs B IV kBapTaie B cinosx
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13—18 1 18—23 xm. B 111 xBaprane ooHapyKeHa CBSI3b
BapHaluii 030Ha ¢ UHASKCOM AQ. DTO MOKA3LIBAET,
YTO B BTO BpeMS T'OJa CTAHOBUTCS 3aMETHBLIM BIIMSI-
HU€ BEPTUKAIbHBIX IBUXXEHUI B cTpaTocdepe, CBSI-
3aHHOE C CUHOIITMYECKUMM IIpoueccamu. Otpuna-
TeJIbHOE BO3JCICTBYE a3P030JIsI HAa O30H MPOSIBJISICT -
ca B II1 u IV kBapTasnax, Korga coaepxaHue a3po30Jist
B HIDKHEN cTpaTocdepe YBeIUIUBAETC.

IMTonyyeHHBIE B paboTe pe3yabTaTbl B OCHOBHOM
COMIACYIOTCSI C UMEIOIIMMUCS TPEACTABICHUSIMU O
JIUHAMUYECKUX U MUKPO(PU3NYESCKUX MeXaHU3MaXx,
OTIpeNIeTISTIONINX CoAepXXaHUe 030Ha B cTpaTtocdepe
cpemHnx mMpoT. [lokazaHo, 4YTO BO3mENCTBUE OT-
IeTbHBIX (PaKTOPOB TIPOSIBIISIETCS TTO-pa3HOMY B 3a-
BUCHMOCTH OT BBICOTHI I BpeMeHH Troma. Ha Bapma-
1IN 030HA B paBHOII Mepe BIMSAIOT KaK TMHAMUIe-
ckue (KK, DHIOK, AO), Tak u MUKpopuzndeckue
dakTopsl (ITCO, BA). B oTaenbHBIX caydasix BbIAe-
JIsieTCsl OMMH TOMUHUPYIOIINI (haKTOp, KOTOPHIil B
KauyeCTBEHHOM OTHOIIIEHUU OTpeaesseT Bapualuu
030Ha B JaHHOM BBICOTHOM JMaria3oHe M KBapraje
roaa.

IpencraBieHHbIE Pe3yIbTaThl MOTYT OBITH MOJIE3-
HbI IpU 00pabOTKe AAaHHBIX CYTHUKOBBIX U3MeEpe-
HU, TOCTPOSHUN (POTOXUMHUIECKUX MOJIEJICH aTMO-
chepbl U MPOTHO3UPOBAHUM BO3MOXHBIX U3MEHE-
HUM colepKaHUs 030HA B YCJIOBMUSIX MEHSIIOIIETOCs
KJMuMara.

Pab6ora BreITTONTHEHA TIpM ToaAep:kke Pocrumpo-
MeTa — Tema 2.9 “Pa3BuTme TEXHOJOTMM CHUCTEMBI
MOHUTOPUHTa 030HA, BOIASHOTO Mapa U aspo30s B
cpenHeit atmocdepe Haa Tepputopucii PO,

CITMCOK JIUTEPATYPHI

Ipy3des A.H., bezséepxnuii B.A. KBa3auaByxJeTHsISI LIMKJTUY-
HOCTb B atMocdepe Hag CeBepHOIT AMEpUKOM 11O TaH-
HBIM 030HO30H10B // N3B. PAH. ®u3uka atMmochepsl
u okeaHa. 2005. T. 41. Ne 1. C. 36—50.

Ipy3dee A.H., bessepxnuii B.A. KBa3uaByxjieTHUe Bapua-
LIUM 030HA U MeTeonapaMeTpoB Han 3anagHoit EBpo-
Mol IO MaHHBIM O30HHOIrO 30HIMpoBaHus // W3B.
PAH. ®usuka atMochepbl n okeana. 2006. T. 42.
Ne 3. C. 224—336.

Ipy3z0es A.H. Ouenka 3bbeKToB M3BEpPXKEeHUs! ByJIKaHA
ITunaty6o B ctpaTocdepHoM conepxanuu O; u NO, ¢
y4eTOM BapuallMii ypOBHSI COJTHEYHOI aKTUBHOCTH //
OnTuka atMocdepsl 1 okeaHa. 2014a. T. 27. Ne 06.
C. 506—514.

Ipy3des A. H. OueHka BiusiHus 11-1eTHero uukJia coaHey-
HOI1 aKTUBHOCTH Ha CONepKaHue 030Ha B cTpaTocde-
pe // N3B. PAH. ®usuka atmocdepbl M oOKeaHa.
20146. T. 54. Ne 5. C. 678—684.

3eseunues A.M., Bapeun I1.H., ITewiun C. I3MEHUMBOCTb U
TPEeHIbI OOIIIETO cofepXaHusi 030Ha B riepuon 1979—
2014 rr. // OnTuka atMocdepbl U okeaHa. 2015. T. 28.
Ne 9. C. 2—10.

Ne 5

TOM 59 2023



BAPUALIN COAEPXAHUA CTPATOCPEPHOI'O O30HA

Heanosa H.C., Kysneyosea U.H., Cymeposa K.A. AHomanuu
atMocgepHoro o3oHa B (eBpaie-mapre 2018 1. //
TunpomMeTeopoornuecKre UcciIeI0BaHs U TTPOTHO-
3b1. 2018. Ne 4 (370). C. 36—47.

Heanos B.H., 3ybaues /1.C., Kopurynos B.A., Caxubeapees /1.1
CereBoii nuaap AK-3 mis1 3o0HIMpoOBaHUs CpeaHei aT-
Mocdhepbl: YCTPOCTBO, METOIBI U3MEPEHU, PE3YITb-
tatbl // Tpynst ITO. 2020. Beim. 598. C. 155—187.

Kopwynoe B.A., 3ybaues /I.C. BpemeHHBIe Baprualliy BbI-
COTHOTO pacrnpeesieHusT CcTparochepHOro 0O30Ha IO
JMIAHHBIM JIMJAPHOTO 30HAMPOBaHMS Haj T. OOHUHCK //
Meteoposorus u ruaposorust. 2018. Ne 3. C. 48—60.

Kopwynoe B.A. JlumapHble HaOMIOOEHUS CTpaTOC(hEpHOro
aspo30Jis1t BT. O6HUHCK ¢ 2012 o 2021 rT.: BIvsiHUE BYJI-
KaHWYECKUX W3BEPKEHU W MPUPOTHBIX TTOXApOB //
DyHnaMeHTaTbHAsI M TMPUKIAAHAS —KIMMATOJIOTHSI.
2022.T. 8. Ne 3. C. 31-51.
https://doi.org/10.21513/2410-8758-2022-3-31-51

Kpueoayuruii A.A., Borowkoea T.10., Yepenanosa J1.A., Ky-
rxoneea A.A., Pennes A.U., banun M.A. TpexmepHasi
m1o6anbHast poroxummieckas mogeiab CHARM. Yuer
BKJIaJia COJIHEYHOI aKTUBHOCTU // TeoMarHeTusm u
aspoHomus. 2015. T. 55. Ne 1. C. 64—-93.

Hepywes A.@. BozneiicTBIe MTHTEHCUBHBIX aTMOC(HEPHBIX
Buxpeil Ha o30HOBEIN ciioit 3emuu. Cr-b.: [unpome-
teousnar, 2003 r. 223 c.

Hukugoposa M.I1., 3eseunyes A.M., Bapeun I1.H., Heano-
6a H.C., Jlykvanoe A.H., Kysuneyosa HU.HU. AHomanbHO
HU3KHE YPOBHU OOIIETO COAEpKAHUSI 030HA Hall CeBe-
poM Ypasa u Cubupu B KoH1Ie stHBapst 2016 r. // OnTrka
arMocdepsl 1 okeana. 2017. T. 30. Ne 1. C. 12—19.

Xyocon /. Ctatrctuka i dusnkoB. M.: Mup. 1967. 242 c.

Ileemkosa H./l., Bapeun I1.H., Jlykvanoe A.H., Kupio-
woe b.M., FOwkoe B.A., Xammamoe B.Y. ccienoBa-
HU€ XMMUYECKOTO paspyllieHus 030Ha M JUHaAMU4e-
CKHUX TIPOLIECCOB B cTparocepe ApPKTHKU 3UMOM
2019/20 r. // Meteoponorust u rugposorus. 2021.
Ne 9. C. 70-83.

Arctic oscillation https://www.cpc.ncep.noaa.gov/products/
precip/CWIink/daily_ao_index/ao.shtml.

Aura MLS https://mls.jpl.nasa.gov/eos-aura-mils.

Ball W.T., Alsing J., Staehelin J., Davis S.M., Froidevaux L.,
Peter Th. Stratospheric ozone trends for 1985—2018:
sensitivity to recent large variability // Atmos. Chem.
Phys. 2019. V. 19. P. 12731—-12748.
https://doi.org/10.5194/acp-19-12731-2019

Benito-Barca S., Calvo N., Abalos M. Driving mechanisms
for the El Nifio—Southern Oscillation impact on strato-
spheric ozone // Atmos. Chem. Phys. 2022. V. 22.
P. 15729—15745.
https://doi.org/10.5194/acp-22-15729-2022

Briihl C., Lelieveld J., Tost H., Hopfner M., Glatthor N.
Stratospheric sulfur and its implications for radiative
forcing simulated by the chemistry climate model
EMAC // J. Geophys. Res. Atmos. 2015. V. 120.
P. 2103—-2118.
https://doi.org/10.1002/2014JD022430

FEriksson P. Chen D. Statistical parameters derived from
ozonesonde data of importance for passive remote

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

593

sensing observations of ozone // Int. J. Remote Sens-
ing. 2002. V. 23. Ne 22. P. 4945—4963.

Fioletov V.E., Shepherd T.G. Seasonal persistence of midlat-
itude total ozone anomalies // Geophys. Res. Lett.
2003. V. 30(7). P. 1417.
https://doi.org/10.1029/2002GL016739

Iza M., Calvo N., Manzini E. The stratospheric pathway of
La Nina // J. Climate. 2016. V. 29. P. 8899—8914.
https://doi.org/10.1175/JCLI-D-16-0230.1

Khaykin S., Legras B., Bucci S., Sellitto P, Isaksen L., Tencé F,
Bekki S., Bourassa A., Rieger L., Zawada D., Jumelet J.,
Godin-Beekmann S. The 2019/20 Australian wildfires
generated a persistent smoke-charged vortex rising up
to 35 km altitude // Communications earth & environ-
ment. 2020. V. 1:22.
https://doi.org/10.1038/s43247-020-00022-5

MEI V2 https://psl.noaa.gov/enso/mei/.

Naik V., Horowitz L.W., Schwarzkopf M.D., Lin M. Impact
of volcanic aerosols on stratospheric ozone recovery //
J. Geophys. Res. Atmos. 2017. V. 122. P. 9515—9528.
https://doi.org/10.1002/2016JD025808

Ozone hole size https://www.cpc.ncep.noaa.gov/products/
stratosphere/polar/polar.shtml

Osprey S.M., Butchart N., Knight J.R., Scaife A.A., Hamilton K.,
Anstey J.A., Schenzinger V., Zhang C. An unexpected dis-
ruption of the atmospheric quasibiennial oscillation //
Science. 2016. V. 353. 1. 6306. P. 1424—1427.

QOBO data http://www.esrl.noaa.gov/psd/data/correla-
tion/gbo.data.

Randel W.J., Wu E A stratospheric ozone profile data set for
1979—2005: Variability, trends, and comparisons with
column ozone data // J. Geophys. Res. 2007. V. 112.
D06313,
https://doi.org/10.1029,/2006JD007339

Schallock J., Briihl C., Bingen C., Hopfner M., Rieger L., Le-
lieveld J. Radiative forcing by volcanic eruptions since
1990, calculated with a chemistry-climate model and a
new emission inventory based on vertically resolved sat-
ellite measurements // Atmos. Chemistry and Physics.
Discussions. 2021.
https://doi.org/10.5194/acp-2021-654

Semeniuk K., McConnell J.C., Jin J.J., Jarosz J.R., Boone C.D.,
Bernath P.F. N,O production by high energy auroral
electron precipitation // J. Geophys. Res. 2008. V. 113.
P. D16302,
https://doi.org/10.1029/2007JD009690

Sitnov S.A. QBO effects manifesting in ozone, temperature,
and wind profiles // Annales Geophysicae. 2004. V. 22.
P. 1-18.

Solar radio flux https://spaceweather.gc.ca/forecast-previ-
sion/solar-solaire/solarflux/sx-5-en.php.

Solomon S., Dube K., Stone K., Yu P, Kinnison D., Toon O.B.,
Strahan S.E., Rosenlof K.H., Portmann R., Davis S.,
Randeld W., Bernath P., Boone C., Bardeen C.G.,
Bourassa A., Zawada D., Degenstein D. On the strato-
spheric chemistry of midlatitude wildfire smoke //
PNAS. 2022. V. 119. Ne 10 e2117325119.
https://doi.org/10.1073/pnas.2117325119

S0, emissions https://so02.gsfc.nasa.gov/measures.html.
Ne 5

TOM 59 2023



594 KOPIIIYHOB

Stratospheric Ozone Variations Over Obninsk from Data of Lidar
and Satellite Measurements

V. A. Korshunov*
Typhoon Research and Production Association, st. Pobedi, 4, Obninsk, Kaluga oblast, 249038 Russia
*e-mail: korshunov@rpatyphoon.ru

Analysis of variations of stratospheric ozone content at 13—18, 18—23 and 23—30 km layers is presented from
data of lidar and satellite measurements in 2014—2022 over Obninsk city (55.1° N, 36.6° E). Modeling of de-
viations from seasonal run for separate quarters of year are fulfilled by using of linear regression method. Im-
pact factors under consideration are quasi-biennial oscillation of zonal wind in tropical stratosphere (QBO),
Arctic oscillation (AO), ElI-Nino — Southern oscillation (ENSO), solar activity (SA), volcanic aerosol (VA)
and polar stratospheric clouds (PSC). Enhancement of ozone content is observed in eastern QBO phase at
18—30 km layer (I-II quarter) and in western QBO phase at 13—23 km layer (IV quarter). At separate layers
it is revealed significant impacts of AO (1I—III quarters), SA (I-II quarters) and VA (1I11—-1V). During a year
influence of PSC is originally showed in II quarter at 13—18 layer and then in IV quarter at 13—18 layer. Pos-
sible physical mechanisms are discussed which are the basis of the correlation relations observed.

Keywords: stratospheric ozone, lidar measurements of ozone, ozone variations, multiple linear regression
method
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