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IIpedcmasnenvt pe3yavmamuvl HA3EMHBIX MUKDPOBOTHOBHIX HADIIOOEHUIl 030HA CPeOHell ammocpepul 3a
Honspnoim kpyeom na Konvckom nonyocmpose ¢ Anamumax (67 N, 33%E) 6o epems neckonvrux
BUMHUX ce30H08, Hauunas ¢ 2017-2018 ze. B nabniodenusx 6vli UCNOIb306aH MOOULLHBLU 030HOMEMpP
(pabouas uacmoma 110.8 I'Ty), komopvlli nO360158eM OMCAEACUBAMDb BAPUAYUU O30HA CPeOHEel
ammocghepvl ¢ 15-mu MuHymHviM paszpeutenuem no epemMeHu. BbinoaneHvl OYeHKU GepmuKaibHO20
npoguis 030Ha 6 ummepsane evicom 22 — 60 km. Dmu pezyibmamovl ObliU CONOCMABLEHBL C
b6opmosvimu Oannvimu MLS/AUra o evicomubix npogunax ozona u memnepamypvl € cpeonell
ammocghepe. ObHapysiceHO 3HAUUMENbHOE GNUSAHUE GHE3ANHBIX CMPAMOCHEPHLIX NOMenieHull u
NOJAPHBIX BUXpell HA BepMUKAIbHOE pacnpedeneHue 030Ha Ha evicomax 22 — 60 xkm. Ilpu smom
macumab usMeHuusocmu me3ocgepnozo o030ua (60 km) Hao Anamumamu conocmasum uiu
npegvliaem U3BeCmHuble MOOEIbHble PACUémvl N0 OYEeHKe 6030eUCMEUs. COTHEUHbIX NPOMOHHBIX
COOLIMULL U BLICLINAHUSL  ABPOPATLHBIX NEKMPOHOE HA USMEHYUBOCb NOTAPHO20 030HA.

Kniouesvle cnosa: o030m cpedueii  ammocgepvl, RNOISAPHLIL Me30Chepublll  030H, HA3EMHAS
MUKPOBOTHOBASL PAOUOMEMPUSL, NOTAPHBIU BUXPb, BHE3ANHOE CIMpamocdeproe nomenieHue

New aspects of investigations of a middle atmosphere polar ozone in a band
millimeter radiowaves

Y.Y. Kulikov

IAP RAS

The results of ground-based microwave observations of the middle atmosphere ozone in the Arctic
Circle at Kola Peninsula, Apatity (67 N, 339 during several winter seasons (since 2017-2018) are
presented. In measurements was used the mobile ozonemeter (observation frequency 110.8 GHz)
which allows to trace variations of the middle atmosphere ozone with temporal resolution 15 min. The
vertical profile of ozone in the altitude range of 22 — 60 km was estimated. These results were
compared to satellite data MLS/Aura on altitude profiles of ozone and temperatures in a middle
atmosphere. Significant influence of sudden stratospheric warming on vertical distribution of ozone at
altitudes 22 — 60 km is revealed. Thus the scale of variability mesospheric ozone (60 km) above
Apatity is comparable or exceeds known model calculations according to influence of solar proton
events and auroral electrons precipitation on variability of polar ozone.

Keywords: middle atmosphere ozone, polar mesospheric ozone, ground-based microwave radiometry,
polar vortex, sudden stratospheric warming

Beenenne

Lenpto HaOmIONeHUH OBUIO HCClIEZOBaHNE M3MEHEHHUs 030Ha cpeAHel atMocdeps! mpH
BO3/ICWCTBUU BHE3anHbIX cTparocepHbix norerieHuit (BCII) u momspHbIXx Buxpeil B
aBpOpaJIbHOM 30HE Ha BEPTHKAIbHYIO CTPYKTYpPYy O30HA Ha BbIcOTax BblE 20 kM. 3UMHSAA
cpenHss atMocdepa Haj AnaTUTaMu, Kak MPaBUJIO, OKAa3bIBAETCS BHYTPHU MOJSPHOTO BUXPS U
C 3TUM CBS3aHO MOHIKEHHE TeMIepaTypbl U KOHIEHTpPAMN 030Ha B cTpatocdepe (25 km),
KOTOpO€ HeoJTHOKpaTHO oTMevainoch [1-4]. BCII sBustoTcst Hanbosee BaXXHBIMU COOBITUSMH,
KOTOPBIE BO3JEUCTBYIOT Ha JUHAMUKY U TEPMHUYECKYIO CTPYKTYPY 3UMHEH CpeIHeu
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arMocdepsl B CeBepHoM mnosymapuu [5-7]. Passutue BCII cBsizaHO ¢ BepTHKAIbHBIM
pacnpoCTpaHEHUEM IIJIAHETAPHBIX BOJIH, KOTOPBIE JUCCUMIUPYIOT (TEPSAIOT SHEPrUIO) CHavalla
B Me3ocepe U 3aTeM MOCTENEeHHO B cTpartocdepe. DTH BOJHBI, B3aUMOICHCTBYSI C 3arafHON
3UMHEH LUPKYIsnue atMochepbl, MOIUPHIMPYIOT €€ TEeIIOBOW Mpoduiab OT BepxHEH
tporocdepst 10 Mezocheps [8]. U3pectHo [9], uto BCII ¢ pa3aeneHuemM u nepeMenicHHEeM
BUXPS TI0-Pa3HOMY BIUSIIOT HA IUPKYISIUIO CpeHEN aTMOC]epsl, a 3HAYUT M Ha MPOLECCHI
MEPEeHOCa W JBOJIIOLUI0 XMMHUYECKOTO €€ cocTaBa. J[ist mccnenoBanus cpemHeil aTMocgepsl
IIMPOKO HCHOJB3YIOT CpPEICTBA MHUKPOBOJHOBOIO JMCTAaHLMOHHOIO 30HIUPOBAaHUS Kak
Ha3eMHOTO, TaKk W opOurtanpHOro OasupoBanus [2, 10]. Ha3zemMHbIe MHKpPOBOJIHOBBIC
o/IHOBpeMeHHbIe HaOmoaeHuss O3 B MOJSApHBIX U cpeaHux wmupotax [1, 11] mokazamu, 4yro
HauOosiee riyookoe u mpoaonkuTenbHoe BiusHue BCII oka3piBaloT Ha BEPTUKAIBHBIN
npo@uiib NOJSPHOTO 030HA. M3 MpOBEJEHHBIX MOJAEIBHBIX PAacYETOB IOCIEAHETO0 BPEMEHU
CIIEyeT, YTO COJIHEYHbIE MPOTOHHBIE COOBITHS M BBICHIIAHMS aBPOPAIBHBIX AJIEKTPOHOB
MOTYT BBI3BaTh M3MEHYMBOCTH MOJIAPHOrO O30Ha Ha 12-24% B me3ocdepe m Ha 5-7% B
cpenHel u BepxHe# ctparocdepe [12-14].

Kpome Toro, cnemyer OTMETHTb, YTO HAIlM H3MEPEHUS BBHINOJIHSUIMUCH BO BpeEMs
MHHMMYMa COJIHEYHOM aKTHBHOCTH M B YCIOBHSX MOJIIpHOM HOouM. Ha HactoAmmii MOMEHT
70 KOHIIA HESICHO BIJIMSHUE COJIHEYHOW AaKTHMBHOCTHM Ha 00pa3oBaHuME U pa3pylieHHe
Me30chepHOro 030Ha B aBpopalibHOM 30HE. KpaiiHe Ba)KHBIM MOMEHTOM SIBJISIETCSI yJIaqyHOE
pacrnojio’)keHue CT. ANaTtuThl 1O OTHOLIEHHIO K TMOJSpHOMY BHXpio. BrepBble Haimwm
MUKpPOBOJIHOBbIE HAOJIOJIEHUS B MOJIIPHBIX IIUPOTAX JUIsl TPEX 3UMHUX CE30HOB, HAUYMHAS C
2017-2018 rr., ObUTH BBIIOJIHEHBI B BUJIC HEMPEPBIBHBIX CepUil (HECKOJIBKO CYTOK IOJPST) C
BpEMEHHbIM pa3pemieHueM 15 muH. IloguepkHeM, 4TO METOJ HAa3€MHOW MHKPOBOJHOBOM
paavoMeTpUH OJMH U3 HEMHOTHX, KOTOPBIN MO3BOJISIET HEMPEPHIBHO CIEIUTH 3a MOBEICHUEM
030Ha BO Bcel cpeaHell atMocdepe B OJTHOM MECTE€ C BHICOKHM BPEMEHHBIM pa3pelieHueM

[15-18].

MoOuIbHBINE MUKPOBOJIHOBBIN 030HOMETP M METOAMKA U3MePeHuil

Metoaq ~ MHKpPOBOJIHOBOM  Ha3eMHON  paJMOMETPUM OCHOBAaH Ha  M3MEpEHMsX
BpalllaTeJIbHbIX CHEKTPOB H3JIyY€HHMs MalbIX Ta30BbIX COCTaBISIOMUX (030H MU Jp.) B
JMana3oHax MWIIMMETPOBBIX M CYOMUJUIMMETPOBBIX BOJH. MHKPOBOJHOBBIE HAOIOJCHUS
cy1a00 3aBHCAT OT MOTOAHBIX YCIOBHUH U MPUCYTCTBUSA B aTMoc(epe aspo30iieid, 4To sBIsIEeTCS
IIPEUMYIIECTBOM [0 CpPaBHEHUIO C HAOIIOJEHUSAMU B ONTHYECKOM U HH(pakpacHOM
JMana3oHax JUIMH BOJH. Kpome TOro, MHKpPOBOJHOBBIE HAOJIOJEHHS O30HAa MOTYT
IIPOBOJIUTHCS KPYIJIOCYTOYHO.

B nocneanee Bpems HaM yaanoch JOCTHYb ONPENEIEHHBIX YCIEXOB HA MYTH CO3JaHMS
MOOWJIBHBIX MHKPOBOJHOBBIX crekTpomeTpoB [19-21], uto mo3BoauiI0 3¢PEHEKTUBHO
BBIMIOJIHATh HAOMIOJICHUS B OSKCHEAUIUOHHBIX YCIOBUAX. MHKPOBOJHOBBIM 030HOMETp
COCTOUT M3  TEeTePOAMHHOTO  HEOXJAXJAaeMOro  INPHUEMHHKA, HAaCTPOCHHOIO  Ha
¢ukcupoBannyto yactoty 110836.04 MI'n (anuHa BojmHBL A = 2.7 MM), KOTOpas
COOTBETCTBYET BpallaTebHOMY IEepeX0ay MOJIEKYJIbl 030HA ¢ KBAHTOBBIMU uuciaMu J = 6o6
— 61.5, 1 MHOTOKaHAJIBHOTO aHaIM3aTopa crekTpa. Ha Bxoje npueMHHUKa HAXOIUTCS MOAYIIb,
KOTOPBIM BKJIIOYaeT B ceOsi aHTEHHY (CKaJIpHBIN pyrnop) ¥ KOMMYTaTOp A KaluOpOBKU
MHTEHCUBHOCTH IPUHUMAEMOIo aTrMoc(epHOro wu3iydeHus B JuHUM o30HA. [llupuna
JMarpaMMbl HANpaBIEHHOCTH PYMOPHOM aHTEHHBI MO ypoBHIO —3 1b cocraBmser 5.4°.
OpnnomnosiocHas nrymoBasi TeMreparypa npueMHuka 2500 K, pesxxuMm npuema B 01HOH moJioce
oOecrieunBaeTcsl 3anpeaebHbIM (QUIBTpoM ¢ mpsiMbIMu ToTepsmu 0.5 1b U mopaBieHHEM
3epKasibHOrO KaHana 6osee 20 nb. Ananuzarop crnekrpa coctout u3 31 ¢uiabTpa ¢ mosocoit
nponyckanust or 1 MI'm no 10 MI'm u nonnHo# nosiocoi ananusza 240 MI'n. Ilapametpsl
npubopa MO3BOJIAIOT U3MEPSTh 3a 15 MUH CHEKTp JIMHUU HM3JIy4yeHHUs] 030Ha C TOYHOCTBIO
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nopsiaka 2%. M3mepeHHs CHIEKTPOB TEIUIOBOTO M3Iy4eHHUs aTMOc(epbl BBIIOJIHIIOTCS
METOJIOM a0COJIFOTHOW KaJUOpPOBKH M3IIy4EHUs 10 JBYM «YEPHOTEIBbHBIM» O3TaJOHaM,
KOTOpbIE HAaxXOJATCS NpU TEMIEpaType KHUIIEHHs JKUIKOTO a30Ta W IpU TeMIepaType
OKPY’KaIOILIEro BO3/1yXa.

Wudopmamms o konmdectBe O3 COACPKUTCS B M3MEPSIEMOM CIIEKTPE HWHTETrPAbHOTO
paauounsnydeHust cpenHeil armocgepbl. C MOMOIIBIO UHBEPCUU CIIEKTPOB MOYKHO IMOJIYYUTh
JaHHBIE O BEpTUKAIBHOM pacnpenaenenun o3oHa (BPO) B atmocdepe. Onpenenenne BPO B
UHTEpBaJie BBICOT 22—60 KM IO M3MEPEHHOMY CIEKTPY BBINOIHSIETCS O METOJUKE, KOTOpast
u3jokeHa B pabore [22]. XapakTepHOoe paspelleHHe [0 BBICOTE JAHHOTO METO/a
BocctaHoBieHuss BPO cocraBiser oxonmo 10 kM. B npoueaype BoccTaHOBIIEHUS
WCIO0JIb30BAJIUCH KaK MOJIEIbHbIE 3aBUCUMOCTH JABJIEHUS U TEMIIEPATypbl OT BBICOTHI, TaK U
peasibHbIe, TIOJYyYEHHbIE B PE3Yy/bTaTe U3MEPEHUN B MYHKTE MHKPOBOJHOBBIX HaOJIO/IEHUM.
Tounocte BoccraHoBieHuss BPO 3aBUCHT B OCHOBHOM OT OLIMOOK paglMOMETPUUECKUX
n3MepeHui crekTpoB O3 M OT TOTPEmHOCTH onpeaeneHus mnpoduiis temmeparypbl. C
MIOMOIIBI0 YHUCJIEHHOTO SKCIEPUMEHTa OBbLIM MOJIy4eHbl OLIEHKH BIHMSHHUS Ha TOYHOCTh
BoccTaHoBieHUs: BPO ommboxk nepBoro tumna myreM A00aBICHHUS K U3MEPEHHOMY CIIEKTPY
myma ¢ JUCIEPCUEe, paBHOM JUCIIEPCUM PE3YIbTATOB U3MEPEHUM. |1l THMMYHBIX 3HAYCHUH
MOTPEITHOCTH u3MepeHus crekTpoB O3 okosio 1% pa3dpoc BOCCTAaHOBICHHBIX Mpoduien mo
100 peammzanusm gocturan 10% B umHTEepBasie BbICOT 25-60 kM. BrusHue BO3MOXKHBIX
OTKJIOHCHHUH TeMIepaTypHOro mpoduist oT peaasHoro nmpodus onenuBaercs B 10-20%. U,
HaKOHEI[, CJeIyeT YIOMSHYTh O CHUCTEMaTHMYeCKON TIOTPEIIHOCTH H3MEpEeHUil CIeKTpa,
CBSI3aHHOM C BO3HMKHOBEHHEM HMHTEP(PEPEHIIMOHHBIX 3PPEKTOB B BHICOKOUACTOTHOM TpPAKTE
npueMHuKa. B 1enomM BepxXHHMIl Tpefen HeonmpeAeeHHOCTH BoccTaHoBiieHHsT BPO Ha
BeicoTax 30—60 kM He mpeBbimaer 20%. CrnpaBemIMBOCTh 3TUX OLIEHOK MOATBEPKAAIOT
MHOTOYMCIICHHbIE PE3yJAbTaThl COIMOCTABJICHUS HAUIMX JaHHBIX C JaHHBIMU OaNIOHHBIX
AIIEKTPOXUMUYECKHUX 030HO030H10B ECC-4 [23, 24] v BaaumaliiOHHBIE H3MEPEHHUS B paMKax
mexxaynapoanoro skcrnepumenta CRISTA/MAHRSI  [25].  Jus  comocraBicHHs ¢
MOJIyY€HHBIMH JaHHBIMU Ha36MHOTO MUKPOBOJHOBOI'O 30HAUPOBAHUS O30HOBOTO CIIOSI OBLIN
HCIIOJIb30BaHbl PE3yJbTaThl M3MEPEHUH C TOMOIIBI0 CIYTHHKOBOTO mnpuoopa MLS/Aura
[http://mls.jpl.nasa.gov] mpu mposerax CIYTHHKA HaJ MECTOM HA3eMHBIX HaOJIOICHHIMA
Amnatutel. [Ipubop MLS ucnons3yeT 1uMOOBBII METO U3MEPEHHS TAPaMETPOB aTMOCHEPHI.
Ero pazpemenue mo ropwsoHTasu cocraBisger 160-210 kM, mo Beptukaim — 2-4 KM
[https://mls.jpl.nasa.gov/data/NRT-user-quide-v42.pdf]. Bepxusist rpaHuiia MOTPEIIHOCTH
omnpezesieHusl cojiepkanusi o3oHa orieHuBaercs B 10% B uHTEepBasne BoicoT oT 20 10 40 KM,
KoTopas yBenuuuBaetrcs 10 30—40% B HmwkHel me3ocdepe. Hamu Obl1n oToOpaHbl TaHHBIE
M0 COJIEP>KaHUI0 030HA M TeMIIepaType, COOTBETCTBYIOIINE BPEMEHaM MpoJieTa CIIyTHUKA Hal
Amnatutamu. C 3T0# 1ebi0 ObUT BEIOpaH AoMeH ¢ koopauHaTamu (67.5 = 1.5)N u (33 + 5)E.

O0masi kKapTHHA M3MEHEHHMH BEPTHUKAJBLHOrO0 NMPoQu/si 030HA M TeMIEpPaTypbl B
MHHHMYMe COJTHEYHOIl aKTHBHOCTH

MuKpoBOJIHOBBIE U3MEPEHUS 030HA cpeliHel aTMocdepbl B AnaTuTax ObLIM BHIIOTHEHBI
s Tpex 3uMHuX ce3oHoB 2017-2018, 2018-2019 u 2019-2020 rr. [ns mydmiero
MOHMMAaHUS MPUPO/IbI BapualMii 030Ha HEOOXOJUMO MMETh MpPEJCTaBIeHHNE 00 U3MEHEHUAX
TeMIepaTypbl Ha BbICOTaxX cpeaHell aTMmocdepbl. M3MeHeHus TeMnepaTypbl yKa3bIBAalOT Ha
BIMSIHME TMOJIIPHOTO BHUXPS M BHE3AIHOIO CTPAaTOC(EpPHOro NOTEIUIEHHS Ha CTPYKTYpPY
cpenneit atmocdepsl. [IpomomkurensHoe Bpems ¢ 26.11.2017 r. mo 20.01.2018 r. Han
Anatutamu Ha ypoBHe 10 rlla naOmromanuch oueHb HU3KHE TemnepaTypbl. CpemHss
BEJIMYUHA TeMIeparypsl B 3TOT nepuoa cocrasuna (193.4 + 0.3) K. B cepeaune denpans
2018 r. B moysApHO# cTpaTocdepe MPOU30LLI0 BHE3AMHOE MOTEIJICHHEe MAaKOPHOTO THIIA TI0
knaccupukaun BMO [5, 26], B pe3ynpTate KOTOPOro MOJSPHBIN BUXPh pa3AeuiIcs Ha JIBE
YacTH, KOT/Ia TEIUIBIH BO3/IyX YCTpEeMMWIICS B MOJspHYo mmanky [https://gmao.gsfc.nasa.gov].
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ITo manueiMm MLS [http://mls.jpl.nasa.gov] wax Kosabckum m-oBoM Ha ypoBHe 10 rlla Obiia
3aperucTpupoBaHa MakcumanbHas temneparypa 243.5 K. IlpomomxurensHocts BCII
COCTaBMJIA OKOJIO ABYX Henenb. B Hauane mapta 2018 r. TeMneparypa Bbllia Ha ypoBeHb 220
K, 4TO COOTBETCTBYET 30HAJIbHONW MOJAENM Ha IIMPOTE AMNATUT, T.€. BO3MYIIEHHUS B
crpatochepe 3akoHUITUCH [27]. 3umoit 2018-2019 rr. B cTpatochepe Haa Anmarutamu ObLIO
3apeTUCTPUPOBAHO JIOKAIBHOE IMOBBINIEHUE Temmeparypbl ¢ 24 nexabps mo 1 despans
MIPOJIOJKUTENBHOCTBIO OKOJI0 40 nHeil. IlonspHblil cTpatocepHblil BUXph B 3Ty 3UMY ObLI
CaMbIM CHJIbHBIM, YCTOMUYUBBIM U XOJIOJHBIM 32 BCIO UCTOPUIO HaOmoeHuil B ApkTuke [28].
XapakTepHOW OCOOCHHOCTHIO TOTEIUICHUs HaJ AIATUTaMH SIBJISIETCS HAJIWYUE JIBYX
MaKCUMYMOB TEMIIEpPaTypbl, KOTOpPhIE OOYCIOBJICHBI BBHICOKOH BOJIHOBOH aKTUBHOCTBHIO B
crpatochepe  [https://acd-ext.gsfc.nasa.gov/Data_services/met/ann_data.html].  Tlepssrii
MakcuMyM umen BennuuHy 239 K (28.12.2018 r.), 4yTo mpeBbIIaio CPEAHIO TeMIEepaTypy
HeBO3MYyILIeHHOH cTpatocdeps! (192.5+0.5) K 3a nmepBeie nBe nexansl aexabps Ha 46 K.
Benuunna Btoporo makcumyma 252 K (09.01.2019 r.), uro Ha 54 K Bbllle cpenHeit
TeMIlepaTypbl HEBO3MYIIEHHOH cTpaTocdeps! B nepuon ot 01.02.2019 r. o 01.03.2019r. 1
TOJIBKO K KOHIly MapTa TemrepaTypa Ha BblcoTe 0K0s10 30 KM BBIIIUIA HA YPOBEHb 30HAIBHOMN
monenu [27]. 3umoit 2019-2020 rr. BCII nHawanmoce B cepeaune siBaps. OOrmas
xapakrepuctuka BCIT ans CeBepHoro mnosymiapust B 3Ty 3uMy nipuBesieHa B pabore [29]. Tak
17.01.2020 r. van Anatutamu ObUIO JOCTMUTHYTO MAaKCHMAallbHOE€ 3HAYEHHE TEeMIIEpaTyphl
232.4 K. Tlotersienne ObUTO HENOJITUM IO BPEMEHU — OKoJjio Hemenu. OOpamiaioT Ha ceds
BHUMaHue oyeHb Hu3kue temMrepatypsl ¢ 01.12.2019 r. mo 18.01.2020 r., cpennsis Benu4unHa
koTopbix coctaBwiaa (191.8+0.7) K. Tlpu stom 22.12.2019 1. OBLIO 3aperucTpUPOBAHO
MHUHUMaJIbHOE 3HadyeHue temmeparypbl 183.5 K. Takue Hu3KuMe TeMmepaTyphl SIBISIOTCA
HEOOXOIUMBIM YCIOBHEM JUIsi BOSHHMKHOBEHHS Ha BBICOTaxX OT 15 1o 25 KM MOJISIpHBIX
ctparocdepHbix oOmakoB. B nmocnenneit nexaae nexkadpst 2019 r. u B Havane ssuBaps 2020 r.
Hag CkanguHaBuedd W KOJbCKHM IM-0BOM PETHCTPUPOBAINCH MOJSIPHBIC CTpaTochepHbie
ob6naka (IICO). B Tedenne Tpex 3UM MOTEIUICHUS MPOUCXOIMIM B Pa3HOE BpeMs U ObLIH
pasHOW TPOJOLKUTENHHOCTH. OOIIMM HMTOTOM TOCIE BO3JACHCTBHUS IMOJSPHOTO BUXpS Ha
cTpaTocdepy UIsl 3TUX 3UM SBISIETCS TO, YTO B MapTe Mecsle Temneparypa Ha ypoBHe 10 rlla
BO3BpaIllaeTcs K cpennet MmuorosetHen Benuuune 220 K. CreyeT OTMETUTD, YTO Ha BBICOTE
60 kM 1o gaHHbIM u3Mepenuii MLS/Aura He ObLI0 OOJBIINX BO3MYIICHHH TEMIIEPATyphI, a
TOJILKO HAOJIFOIAJICS 3HAYUTEIbHBIN pa3opoc ee 3HadeHui. 3umbl 20172018 u 2019-2020 rr.
BBIJCIISIOTCS MPOJAODKUTENBHBIM CYIIECTBOBAHUEM TOJISIPHOTO BUXPs (AekaOpb—sIHBaphb) HAJl
AmnarutaMu, Korja TeMIleparypa Ha YypoBHe 25 km onyckanack a0 195 K, u Ha
HemnpoAokuTeNbHOe BpeMs A0 188 K. OTa Temneparypa A0CcTaToyHO penkas Juist ApKTUKUA U
SBJISIETCS MOPOTOM 0O0pa3oBaHHUs KPHUCTAJUIMUECKUX CTPATOChEepHBIX OO0JIaKOB, HaIWYHE
KOTOPBIX CIOCOOCTBYET BOSHUKHOBEHHIO BECEHHUX MOHIKEHUI OOILEro coJiep>KaHusi 030Ha.
[ToapobHOCTH MpOIIECCOB pa3pyIIeHHs] 030HOBOTO CJIOs B 3UMHe-BeceHHu# ce3oH 2019-2020
IT. pacCMOTpeHbI B padoTe [6, 7]. ITorom paccMOTpeHHsI TEMIIEPATYPHBIX MOJICH B CpeaHE
atMocdepe sBisgeTcs To, 4To B nekabpe—sHBape 2017-2018 m 2019-2020 rr. BO3HHKIN
MOIXOSIIME YCIOBUS Uil oOpa3oBaHus AeduiuTta cojepkaHusi o3oHa Haja Koabckum m-
OBOM.

PaccmoTpuMm moBezneHue o30Ha cpeaHell atmMocdepsl Ha BeicoTax 25, 40 m 60 kM B
TE€YEHHE TPEX 3UMHHX IEPHUOJI0B, KOTOPOE MPOUILIIOCTPUPOBaHO Ha puc 1. CpeaHecyrouHsle
JIAHHBIE O KOHIEHTpAllMW O30Ha (Ha3eMHbIe MHKPOBOJHOBBIE HaOIIOJICHUs1) 0003HAueHBI
OT/eNbHBIMU KpecTamu. CIUIOMIHBIMA JTUHHUSMH YKa3aHbl JaHHBIE 1O O30HY Ha JTHX XKe
BbICOTaX U3 OOpTOBBIX HaOmoaeHuit MLS/Aura Bo Bpemst poJieToB HaJy AlaTUTaMu.
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Puc. 1. Bapuauuu o30Ha cpeaneii atMocgepbl Ha BbICOTAX: HIOKHMIA psix — 25 KM, CpeTHuid psax —
40 kM, BepxHHi psig — 60 KM B TeueHHe TpeX 3MMHHUX MePHOI0B: jJeBasi manejab — 20172018 r.,
cpennsisi maneb — 2018—2019 r., npaBas nanesanb — 2019—-2020 r. )KupHble KpecThbl Ha BBICOTAX
25 u 40 kM — cpenHecyToYHass KoHUeHTpauus Oz U3 Ha3eMHBIX MUKPOBOJIHOBBIX HA0II0IEHH .

CrutoniHble THHUU HA BhIcOoTax 25 u 40 kM — koHueHTpauus O3z (1aHHbIE CIYTHUKOBBIX
Haomoaennii MLS/Aura npu nposerax nag Anatutamu). JKupHbie d noJynpo3payHbie KpecTbl
Ha BbIcoTe 60 KM — HOYHbIE U JHEeBHbIEe KOHIeHTpauuu O3 M3 Ha3eMHBIX MUKPOBOJIHOBBIX
HA0JII0/IEH N, 2 CILUIOLIHAS KUPHAs JTUHUSA U MOJYNPO3payHast — HOUHbIE U THEBHBIE
kouunentTpanuu O3 (1aHHbIE CMYTHUKOBBIX Ha0oaenunii MLS/Aura npu npoJierax Haj
Anaturamu). [Tosibie poMOBbI Ha BBICOTE 25 KM — JaHHbIE 030HO30H10B Ha cT. Sodankyla.

IIpouenypa comnocTaBieHHs pe3yJbTaTOB HA3eMHBIX M CIYTHUKOBBIX M3MEpPEHHH 030Ha
omucana B pabore [30]. U3menenust konnentpauun O3 Ha BbicoTax 25 u 40 KM I 3UMHHX
CE30HOB Y/I0BJIETBOPUTENILHO COIJIACYIOTCS C JaHHBIMHU CIYTHMKOBBIX HaOMIOIEHUH. AHaAIU3
MoKa3aJl, YTo KOA(PQPUIHUEHT KOPPENSLUU U3MEPEHHBIX BETUYMUH COAEP)KaHUS 030HA Ha THX
BbICOTax Haxoawics B mpenenax oT 0.85 no 0.94 ¢ ypoBHem 3Haunmoctu syuuie 1%. Ilpu
3TOM Ha3eMHbIE Pe3yJbTaThl B CPEIHEM IMPEBBIIANIN CIYTHUKOBBIE Ha (8—10)+2% Ha 25 kM H
Ha (9-12)+4% na 40 kM. Uto kacaercs ypoBHs 60 kM, To g ce3oHOB 2017-2018 u 2019-
2020 rr. xoppensauus pe3ynbTaToB Oblia okoJo 0.6 ¢ 5%-HbIM ypOBHEM 3HAYMMOCTH, a
pasnuuue MOyYEHHBIX JaHHbIX pocturano 60%. [Ina sumsr 2018-2019 rr. pesynbpraTsl
000MX M3MEpeHHH MpPaKTUYeCKH HeKoppenupoBaHbl. CienyeT OTMETHTb, YTO 3aMETHBIE
OTJIMYUSl HA3€MHBIX M CIYTHMKOBBIX pE3yJbTaTOB MOTYT HaOMIOJaTbCs IOCTE CHIIBHBIX
aTMOCQEpHBIX  BO3MYIIEHUH, KOTOPbIE BO3MOXHO  CBS3aHBI C  aTMOC(EpPHBIMU
HEOJTHOPOJHOCTSIMH, BO3HHUKIIMMU B pe3yibTaTe pa3pylieHUs WK JepOpMaluu MOJSIPHOTO
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BUXpS [cM. KapTel Buxps http://cds-espri.ipsl.fr/etherTypo/index.php?id=1663&L=1], u
00ycioBIeHbI crienu(puKoi TMMOOBOTO METO/a CIIYTHMKOBBIX M3MepeHuil. OHa cOCTOHUT B
TOM, YTO TOPHU3OHTAJIBHOE pa3peuieHHe B OSTOM METOJAE COCTABISET HECKOJIBKO COT
KAJIOMETPOB, KOTOPOE 3aBUCHT OT BHICOTHL. B 3TOM cityuyae, eciii M3MEpEeHHUE MPOUCXOAUT
BOJIM3M Kpas TOJSIPHOTO BHUXPS, TEO(PHU3MUECKHE YCIOBUS 1O 00€ CTOPOHBI KOTOPOTO
pa3UYHbI, CIYTHUKOBBIC JaHHBIE OYAYyT COAEP)KaTh JIOTOJHUTEIBHYIO MOTPEITHOCTb,
BBI3BaHHYIO YCPEIHEHHEM BJIOJIb JIyda 3PEHHS CUTHANA, MIPHUIIEIIIETO OT IBYX Pa3IHYHBIX 110
coctaBy oOmacteéi armocdepsl. JlampHeWmmii aHamW3 JaHHBIX HA3eMHBIX HAOIIOICHUN
crpatocepHOro 030Ha B ANAaTHTaX CBHJECTEIHCTBYET O MOSBICHHM HU3KHX KOHIEHTpAIHA
030Ha Ha BeicoTax OT 20 10 60 KM B 3UMHEH MOJISAPHOUN aTMOC(epe MO CPAaBHEHUIO C JAHHBIMU
3oHabHOW Mojemu [31]. M3  Hammx MHOTOJETHWX HAOMIOJeHWH OblIa yCTaHOBJICHA
MOBTOPSIONIASCS B pa3HbIe TOJBI (CE30H 3UMa—BECHA) yCTOMUYMBAS CBSI3b OJHOBPEMEHHOTO
MOHIKEHHUS TEMIIEpaTypsl U KoHIeHTpauu O3 Ha ypoBHE 25 kM [3]. CpenHsisi KOHIIEHTpaIUs
030Ha Ha BBICOTe 25 kKM B gexabpe 2002 r. cocrasmsma (1.99+0.23)-102mon/cm®, a
temmneparypa Ha ypoBHe 20 rlla onmyckanacy Hike 195 K. CornacHo 30HanbHOM MOaenu 1Jis
cpenneit atMocdeps! [31] KOHIIEHTpaIKs 030HA Ha YKa3aHHOU BBICOTE B JIeKaOpe MPEBBIIIACT
CpEHEMECSUHYIO BeJIMUYUHY, MoJaydeHHyro Hamu, Ha (30-50)%. OdveBHIHO, HU3KHE
TeMIepaTyphl SBISIOTCS (DAKTOPOM BO3JEHCTBUS Ha CTpaTocdepy MOJISIPHOTO BUXPS, CTETICHb
BIMSHUS KOTOPOTO Ha HEe HM3MEHYMBa OT ToJa K Toay. Buxpe mnpensTcTByer 0oOMeHY
BO3/YIIHBIMH MaccaMy MEXIy TOJSPHBIMH M YMEPEHHBIMH HIMPOTAMH, a ATO NMPHUBOIHUT K
3HAQUYUTEJIbHOMY MOHWKEHHUIO Temneparypbl Ha BbicoTax 20-30 kM. IIpuunHa ymeHbmieHUs
KOHIICHTPAIIMU 030HAa Ha BBICOTAX OKOJIO 25 KM BHYTPH BUXPSI HE COBCEM TOHSTHA. M3BECTHO,
qTO (bOTOXI/IMI/I‘-ICCKOC BpEMs JKHU3HM O30HAa Ha OTHUX BBICOTAX IIOpAAKa HECKOJIBKUX MECAICB.
BrniepBble HalmM MUKpPOBOJIHOBbIE HAONIONEHUS B TOJSPHBIX IIUPOTaX JUISl TPEeX 3UMHHUX
CE30HOB OBLIM BBHINOJHEHBl B BHJE HEMPEPHIBHBIX CEpUM (HECKOJBKO CYTOK MOJIpSI) C
BpEMEHHbIM pazpemieHueM 15 wmuH. Eme pa3 noauepkHeMmM, 4YTO METOJ HAa3€MHOM
MUKpPOBOJIHOBOW paMOMETPUM OJUH U3 HEMHOTUX, KOTOPBIA TO3BOJISIET HENPEPHIBHO
CIIETUTHh 3a TOBEJIEHUEM O30HAa BO BCell cpelnHel aTMocdepe B OJHOM MECTE C BBICOKHM
BPEMEHHBIM pa3pelieHueM. MOXHO cJenaTh BbIBOJ, YTO TOBEICHHE 030HAa B HHTEpBaJe
BbICOT 22—60 KM ympaBisieTcs Kak MOJIAPHBIM BUXPEM, TaK U BHE3AIMHBIMHU CTPATOCHEPHBIMU
MOTETJICHUSIMU.

Crnenyer oOpatuth BHUMaHHE, YTO HAMHU OOHApYy>KE€H CYTOUYHBIM X0 KoHueHTparuu O3
Ha BbicoTe 60 kM (cM. puc. 1), KOTOpbIN cBA3aH ¢ BocxoaoM U 3axojnoMm CoisHua, — 3TH
JAHHbIE TIOJYYEeHbl M3 HA3eMHBIX MHUKPOBOJHOBBIX HabOmonenuil. HouHble u AHEBHBIE
KOHLIeHTpauuu Me3ochepHoro O3 0003HAYEHBI XKUPHBIMH U TOJIYIPO3PAYHBIMU KPECTAMU,
cootBeTcTBEeHHO. CIIONIHBIMU JMHUSMU 0003Ha4YeHbl nanHbie MLS/Aura Bo Bpemst mpojiera
Hag Anatutamu. OOpaimiaer Ha cebs BHMMaHUE CHCTEMaTHdeckas pasHHIla B MOBEACHUU
Me3ochepHoro o3oHa (60 KM) 10 Ha3eMHBIM U OOPTOBBIM M3MEPEHUSM (CM. BEPXHIOK YacTh
puc. 1). CrenyeT OTMETHTD, YTO OOPTOBBIC U3MEPEHHUS TAKIKE PETHCTPUPYIOT CYTOUHBIN XOJI
Me30c(hepHOro 030Ha. DTU JIaHHBIE O KOHIIEHTPAIUK 030HA MOJIYYEHBI B OJHHU U TE€ KE CYTKU
JUIS HOYHBIX (OKUpHas CIUIOLIHAS JIMHUS) M JAHEBHBIX (MOJIYIpO3pauHas CIUIONIHAS JTUHUSA)
npoJsieTtax cryTHukKa Haj Anatutamu. Hazemusle uamepenus: O3 ¢ BpeMEHHBIM pa3pelieHueM
15 MUH MoKa3anu 3HAYUTEIBHOE M MPOJOJDKUTENILHOE BIMSHUE BHE3AIHbBIX CTpaTOC(epHbIX
NOTEIUIEHUH Ha Me30c(hepHBIi 030H. BO3MOXKHBIM ClIeICTBUEM CTPAaTOCHEPHBIX MOTETICHUN
SBIISIFOTCSL KPAaTKOBPEMEHHBIE, MPOJOJIKUTEIBHOCTBIO HECKOJBKO JHeH, Bcruiecku O3z Ha
BbicoTe 60 kM. TepMuH «BCIUIECKHW» MBI ynoTpeOnseM A 00O03HAa4YeHHs NpPUpPAIICHUs
KOHIICHTPAllMU 030Ha OTHOCUTEIBHO HEBO3MYILEHHOro ypoBHA O3 BO BpeMs MOJISIPHON HOUM
(mexabpp mecsir). OcobeHHO OHU XOpolio 3aMeTHbl st 3uM 2017-2018 u 2018-2019 rr.
Konuentpauusa O3z B suBape 2019 r. mpeBplllasia B TpU pa3a aHAJIOTMUYHYIO BEJIUYHMHY JUIS
nexabpst 2018 r. DTy BO3MyIEHHs, TO-BUJUMOMY, XapaKTEPHbI JUIS MOJIAPHBIX MHPOT [32].
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3uma 2019-2020 rr. 3HaYUTETBHO OTJIMYAJIACh OT MPEABIAYIIUX C€30HOB. Bo3HUKIINI 3TOM
3UMOH MOJIAPHBIA BHUXpb OOECHeums1 HaxoJro (OKOJO JIBYX MeCSLEB — AeKaOpb—sSHBaph)
OYeHb HHU3KHE TemrepaTypbl B oOmactu BeicOT 20-30 kM, a crparochepHOe MOTEIUICHUE B
cepenune siHBaps 2020 r. ObUIO OYEHb CIAOBIM M HEMPOJOJDKUTENIBHBIM. Takum oOpa3om,
ObUTM CO37aHBI YCIOBUS (YCTOWYMBO HU3KHE TEMIIEpaTyphl B cTparocdepe) Ui MosBICHUS
BECEHHETo JaeuImTa coaepkanus o3oHa Haja Konbckum m-oBoMm. Tem He MeHee, COTIacHO
puc. 1 (npaBas maHens), HauuHas ¢ nexadpsa 2019 r. no xonua mapra 2020 r. o30Ha ObLIO
MHOTO B uHTepBasie BHICOT OT 20 m0 40 km. [eduuut copepkanus 030Ha 0OpazoBayics B
HxHel crparocdepe (12-20 kM) Han CeBepHbIM JlegOBHUTHIM OKeaHOM 3alajHOIo
nosyirapusi B mapre 2020 r. [6, 7, 33]. O6miee conepsxkanne 12 mapra 2020 r. COCTaBHIO
Bcero 205 e.Jl. IlpuunHOil yMeHbIIEHUS COAepKaHUs 030HA, 10 MHEHUIO aBTOPOB, SIBIISIFOTCS
XAMUYECKHE TOTEPH, KOTOpPBbIE CBA3aHBI C paaukaiamu xiopa. llogoOHbIe MOHMKEHUS
o01Iero cojiep>kaHusl 030Ha B 3amaJHOM MOJYyIIapUU SBJISIOTCS, MO-BUAMMOMY, TOCTaTOYHO
penkumu. IloarBepaeHrneM MOTYT ObITh jgaHHBIe cr. Summit (73° N, 38° W)
[http://gml.noaa.gov/dv/iadv/graph.php?code=SUM&program=o0zmw&type=vp], Ha KoTopoi
M3MEPSIOTCA BepTHKaidbHbIe mpodunu O3 MerogoMm OauioHHOTO 30HAMpoBaHusA. [lomumo
MIPUBEJICHHBIX pE3yJIbTaTOB, Ha PHC. | TpEACTaBICHBI JaHHBIC KOHTAKTHBIX H3MEPEHHI,
KOTOphle ObLTH BhIMONHEHBI Ha cT. S0dankyld ¢ momorisio o30oH030HI0B THIAa ECC-4 B
3umHe-BecenHune nepuoasl 2017-2018 u 2019-2020 rr. J[anHBIE 030HO30HIOB 0003HAYCHBI
Ha puc. 1l momeiMu pombamu. PaccrosiHne Mexay HaseMHbIMU craHimsmMu Sodankyld u
Anarutel He npespimaer 500 kM. CpaBHenue ioTtHocTeld O3 Ha ypoBHE 25 KM, KOTOpBIE
ObUIM TIOTyYeHBI W3 TPSIMBIX M JUCTAHIIMOHHBIX HM3MEPEHHH, YKa3blBaeT Ha XOpollee
corylacue BPEMEHHBIX BapHaluil 030Ha. B Hacrosiiee Bpems Takoe CpaBHEHHE IOKa HEJb3s
OCYLIECTBUTh JJIsi Me30C(EepHBIX BBICOT BEPTHKAIBHOIO NPOQMIS O30HA MO INPUYMHE
OTCYTCTBMSI ~ KOHTakTHbIX  M3MepeHMH. KoHTakTHble  u3MepeHMs B Me3ocdepe
OCYILECTBIISIOTCS € TOMOIIBIO PAKET, 3aIIyCKH KOTOPBIX OUEHb PEIKU U IOPOTH.

IToBenenue me3oceproro o3ona (60 km)

B nactosiem naparpade o0cyxnatorcs pe3yabTaThl HabI0AeHU Me30c(hepHOro 030Ha
BO BpeMs DPA3IMYHBIX T'e0(U3HUUECKUX COOBITHI, KOTOPbIe CBONCTBEHHBI aBPOPAIbHOM 30HE
MOJSAPHBIX MHUpOT. Kpome TOro, mnpuBoAsATCs B KayeCTBE [JOMNOJHEHHUs JIaHHbIE
OJIHOBPEMEHHOTO MHKpPOBOJIHOBOTO MOHHMTOpHHra cojaepxkanus O3 B cpeaHeil atmMocdepe B
Amnarutax u I[Tereprode (60°N, 30°E) B TeucHue 3umbr 2021 — 2022 rr. [34 ]. 3mepuTenbHast
crannus [lereprod pacronokena Ha pacctostHuM nopsaka 1000 kM K 1ory oT AnaTuT, a 1o
OTHOLIEHUIO K TOJISIPHOMY BUXPIO — Ha €ro Kpaw WIM BHE BUXps. Takoe pacmnosioxkeHue
MO3BOJISIET OOJiee KaYECTBEHHO OIICHUTh CTETEHb BO3JCHCTBUS HAa 030H CpeaHeil aTMocdepbl
JMHAMHYECKHUX TPOLECCOB B MOJIAPHBIX Immportax. Cpemusis atMocdepa Haa AnaTUTaMH
HaxoJIUTCA B TAaK HA3bIBAEMOW aBPOpaIbHOM 30HE, 3apsHKEHHbIC YACTULbl IPOHUKAIOT B HEE
no 6ornee HU3KMX BBICOT (Hmke 100 KM) M MOTYT OKa3aTh BJIMSHHE HAa 030H B Me3ocdepe.
Takum oOpa3om, mpu OLIEHKE BIMSHUS 3apsSHKEHHOTO KOMIIOHEHTa Ha cojepxaHue O3z B
Me3zocthepe cranuus Ilereprod MoxkeT ObITH (OHOBOM C TOYKM 3pEHUS H3MEHUYMBOCTH
coliepkaHus o30Ha. [[1s1 u3MepeHus coaep:kaHus 030HA ObLIM HCIOIb30BaHbl MJICHTUYHBIE
MOOHIIbHBIE MHUKPOBOJHOBBIE O30HOMETpPHI C¢ paboueit uactoroit 110.8 T'Tu. Meroauku
HaOIOJIEHUI U OLIEHKH BEPTUKAIBHBIX Mpoduiel 030Ha B MHTEpBaJie BICOT 22 — 60 kM As
JTAHHBIX IPUOOPOB OBLITU OJTMHAKOBBIE.

Ha puc. 2 moka3anbsl Bapualuu KOHIEHTpaluu me3ochepHoro o3zoHa (60 kM) Hax
AnaTtutamu Bo Bpems noJsipHoit Houn 27 nexadpst 2017 rona u 27 nexadpst 2021 roxa.
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Puc. 2. CyTouHblii X0/ KOHUIEHTpPalMUd 030Ha B Me3ocdepe (Ha BbicoTe 60 kM) Hajg
AnaTtuTaMu BO BpeMs NOJAPHO# Houn 27 nexadpst 2017 r. u 27 nexaopst 2021 r. 30eco u na opyzux
PUCYHKAX Ha ocu aécuucc YKazano MOCKoeéckKoe epems, 4:.Mun

CyrouHble Bapuali COMOCTABJICHBI C IIEJIbIO MOKa3aTh BO3ACUCTBUE MOJISIPHOTO BUXPS
Ha 030H cpemHed arMocdepsr 27 nexkadps 2017 rona (tonkas imuus). Beicota ConHila Haf
TOPU30HTOM B MOJICHh cocTaBmiia BenmnuuHy — 0.88°. OGe kpuBbIe BONMHM3U MOJIHS UMEIOT
MUHUMalbHOEe 3Hadyenue koHueHtpauuu 4-10%° mon/cm® u B TedeHue MPOIOIKUTETHLHOTO
BPEMEHH OKOJIO 5 4acoOB COBMAJAlOT ApYr ¢ apyrom. Kakum oOpa3om BBIIEIUTH aMIUIUTYAY
CYTOYHOTO XOJia O30HAa, KOTOpBIA ompenensercs (OTOXUMUYECKUMH IMpoueccamMu? Mel
npeayiaraeM Opath cpenHue kKoHueHtparuu O3z mis BpemeHHbIX umHTepBasioB 10:00 — 14:00
(monpenp) u 22:00 — 02:00 (MOMHOYB) W BENUYMHY OTHOIICHHSI MX CUUTATh aMILTUTYIOU
cyrouHoro xona. Takum oOpa3om, cyrounbslid xon st 27.12.2017 roma coctaBiseT BeIHUUHY
okono 19%, a mia 27.12.2021 roma mopsinka 28%. Ha Puc. 2 HaOmromaercs cuiibHas
M3MEHYMBOCTh 030Ha B TeueHue cyTok it 27.12.2017. Tak poct koHueHTpauuu O3, KoTOpas
obuta ycpennena 3a 2 uvaca ot 00:00 mo 02:00, k konmy 27.12.2017 ot 22:00 mo 24:00
coctaBuil 56%, YTO CYIIECTBEHHO IPEBBIIIACT aAMIUIUTYAy CYTOYHOTO Xona. B 3TOT neHb
ObLTa CHOKOMHAsg TreomMarHuTHas obcraHoBka. 3umoit 2017-2018 BHe3amHoe cTpatocdepHoe
noterienue (BCII) B Amaturax Hauanoch B cepeauHe ¢eBpans. Hago ormeruts, 4TO B
nexabpe 2017 rona cpennsis atmocdepa Haa KodbCKUM MOJIyOCTPOBOM HAXOAWJIACh BHYTPH
rIIyOOKOTO TMOJSPHOTO BUXPSI, BOBMOYKHO, TaKOE MOBEACHUE 030HA HA BhICOTE 60 KM CBSI3aHO
MMEHHO C 3TUM. MBI Mano 3HaeM O BEPTUKAIbHBIX JBUKEHHUSIX BO3YLIHBIX Macc BO BpeMs
MOJISIPHOTO BHXPSI HAa BBICOTaX cpeHel aTMochephl.

Ha puc. 3 mnpuBeaeHbl CyTOYHBIE BapHalUud KOHIEHTpauuu o3oHa (60 kM) Han
Anatutamu Bo BpeMs nosisspHoi Houu 28 nexadOpst 2017 r. (GkupHas TUHHUSA). DTH U3MEHEHUS
O3 comocTaBJeHbI ¢ CYTOYHBIM XOJ0M 030Ha 26 nexabpst 2019 r. (Tonkas qunus). Beicota
ConHila Hax TOPU3OHTOM B MojAeHb B 3TH nHU Obuia —0.83° m —0.94° cooTBeTcTBEHHO.
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Cocrosiaue atmochepsl Haa AmnaTUTamMu BOJMW3W 3UMHETO COJHIICCTOSHUS HA3bIBACTCS

IOJISIPHON HOYBIO.
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Puc. 3. CyTounblii xo1 me3ocdepHoro o3oHa Hax Anarutamu — 28.12.2017 r.
(cnuTouIHAs KUPHAst JJuHUSA) 1 26.12.2019 r. (cnJ1oIIHASI TOHKAS JIMHUS).

Crnenyer OTMETHTbh, UYTO TOJSIPHON HOUBIO BOJIM3MU TOJIIHA B TCUCHHE HECKOJIBKHUX YacOB
cpenussi atMmocdepa ocBenieHa COTHIIEM M UMEET MECTO PEaKI[uu 0O0pa30BaHMs U Pa3pyIICHUS
o30oHa (mukn Yenmena). Iloartomy Xopommo 3aMeTHO NMOHWXKEHHE KOHIeHTpanuu O3z BOIM3U
MECTHOT'O TOJIAHS JJIA JIBYX 3UMHHX CE30HOB B JieKaOpe. AMIUIUTYAAa CYTOYHOTO Xoja st
28.12.2017 r. cocraBigeT BeIUuuHy OKoJo 62%, a musa 26.12.2019 r. — tonapko 15%.
Habmonaercss cunpHas M3MEHYHMBOCTH O30Ha B TeyeHwe cyrok 28.12.2017 r. Tak, poct
KoHLeHTpauuu O3z oT mojagHs K Houu coctaBuwi oyt 100%, 4To CyHIECTBEHHO MPEBBIILIAET
aMIUTyly cyrouHoro xona. Konuenrpanus Oz B MuHuMyMme npu ycpeaneHnuu ot 11:48 no
13:32 mck cocrtaBuna (3.63+0.12)-10° mon/cM®, a B makcumyme ot 21:00 mo 22:27 Mck
coctapuna (7.19+0.27)-10° mon/cm®. B 3T0T neHb OblIa CIIOKOMHAS FeOMarHUTHAS 0OCTAHOBKA.

Jlanee paccMOTpUM HM3MEHEHHUS TMOJSPHOrO Me30C(hepHOro 030Ha, KOTOphbIC OBLIN
nosyueHsl U3 HaOmonenuit Bo Bpemsi BCII ans 3um 2018-2019 u 2019-2020 rr. Ha Puc. 4
MPUBOJATCSA cyTouHble Bapuanuu O3, KOTOpbIe OBLTM TMOJyYEHBI M3 CEPUU HEMPEPHIBHBIX
MHUKpPOBOJIHOBBIX n3MepeHuil 24-25.01.2019 u 31.01.2020 ¢ BpeMeHHBIM pa3peunicHueM 15
MuH. Breicora ConHila HaJ TOPU30OHTOM B MOJJEHb B 3TH AHU Obuia oT +3.21° mo +4.93°
cooTBeTcTBeHHO. 3uMoit 2018-2019 rr. BCII Haganock 24 nexabps 1 3akoHUMIIOCH 1 (eBpaits,
1 OBLJIO IPOAOKUTEIBHOCTHIO TouTH 40 JHEiH.
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KoHUeHTpaLusa o3oHa, Morn/cm3

Puc. 4. Cyrounblii xox Mme3ocdepnoro o3oHa Haa Anarutamu — 24.01.2019 r. (mosynpo3pauHasn
JunHus), 25.01.2019 r. (cnsromnast sxupuast uHus) 1 31.01.2020 r. (cnjiomHasi TOHKAs JTUHUS).

XOpouio 3aMEeTHO HEMOCTOSHCTBO aMIUIUTY/Abl CYTOYHOTO X0/a o30Ha i 24.01.2019 r.
(momynpo3payHasi TMHUS Ha puUCyHKe). Benmunmna xoHunentpamuu O3z MpH yCpeIHEHUU OT
23:58 5o 01:24 LT (mauano cyrok) coctapiser (1.09+0.02)-10*° mon/cm® u B monaens npu
ycpennenun ot 11:45 mo 13:26 LT wmmeer Takyw jXe BEIWYUHY, T.€. CYTOUHBIH XOJ
MpaKkTUYECKU He3aMeTeH. Bennmunna koHueHTpauuu O3z npu ycpeaHeHuu ot 22:21 no 23:47
LT (xonen cyTok) coctapinser (1.25+0.02)-10%° mon/cm®. AMmuryna cyrousoro xoia umeer
BenuuuHy okosio 15%. A 25.01.2019 r. (KupHas TUHUS HA PUCYHKE) CYTOYHBbIE KOJIeOaHUS
O3, KOTOpblE BBI3BAaHbI 3ax0J0M M BocxoAoMm ConHua, UMET BeaU4YuHY OKojo 20%.
[IpuBenenHble Ha puc. 4 TpHUMEPHI, MO-BHAUMOMY, CBUAECTEILCTBYIOT O CYIIIECTBEHHOM
BO3JICHCTBUU aTMOC(epHOI HMUPKYISIIUK HAa 030H Ha BbicoTax Me3zocepsl Bo Bpems: BCIL.
3umoii 2019-2020 rr. BCII nauanocs B cepenune sHBaps — 17.01.2020 r. OT0 noremnsienue
OBUIO KpPaTKOBPEMEHHBIM (OKOJIO HENEeNH) M YCTyHalo MO MacimradaM BO3MYIIEHHH B
cpenHeit atmocdepe noterieHuto 3uMbl 2018-2019 rr. AMminuTyna CyTOYHOTO XOAa IS
koHIeHTpauuu Oz 31.01.2020 r. cocraBuna 17%. OOpamiaer Ha ceOs BHUMaHUE pa3inyue
MOYTH B JIBa pa3za CpeAHel 3a CyTKM KOHIIEHTpAlMK 030HA Ha BbicoTe 60 kM mis 3um 2018—
2019 rr. m 2019-2020 rr. Oro pasnnuue ykasplBaeT Ha BaxkHyro poibs BCII B 3amosiHeHnn
030HOM cpenHel aTtMocdepbl TOcle pa3pylieHUs MOsIpHOTO Buxps. llo-Bummmomy, 310
MIPOUCXOIUT U3-3a MEPEHOCa 030HA B BO3AYIIIHBIX Maccax u3 00Jiee HU3KHUX HINPOT BILUIOTH JI0
BbICOT Me3oc(epbl. Takum oOpaszom, crnabeie BCII (3uma 2019-2020 rr.) He oOecnieunBaroT
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3aIl0JIHEHHE O30HOM CpeJHEW aTMOcdephl B MOJSPHBIX MIMpoTax. Bee ckazaHHOE yKa3bIBaeT
Ha HCO6XOI[I/IMOCTB YUc€Ta BJIUAHUA JUHAMHUUYCCKUX MPOLCCCOB HA NOBCACHUC O30HA cpeﬂHeﬁ
atMocdepbl, M, caMO€ TJaBHOE, Ha TOBeAeHHE Me3ochepHoro o30Ha. B  HazeMHBIX
HU3MEPCHHUAX B TCUCHUEC TPEX 3UM HAI Anarutamu O6HaPY)I(€Ha 3HA4YUTCIIbHAsA U3MCHYUBOCTH
Me3ochepHoro o3ona Bo BpeMs BCIL. DTo CTaHOBUTCS Ba)KHBIM TIPU OILIEHKE BO3ICHCTBUS
3apsHKEHHON KOMITOHEHTBI Ha ME30C(EepHBIN 030H B aBpOPAIbHON 30HE.

BrIBOIBI

OgHuM U3 BaXHBIX peE3yiIbTaTOB HAcTOsALIEH pabOThl  SABISETCS  YCIELIHOE
WCIOJIb30BAaHUE Il TUArHOCTUKHM O30HA CpeHel arMocdepbl paIuopu3ndeckoro Meroia —
Ha3eMHOM paJuOMETPUH B MUJUIUMETPOBOM JIMAIIa30HE JITMH BOJIH.

OCHOBHBIM pe3yJbTaTOM MHUKPOBOJHOBBIX HaOJMIOJEHHM B Amaturtax B MEpUOJ HU3KOM
COJIHEYHOM aKTUBHOCTH SIBJISIETCSI HEOOXOAMMOCTh yyeTa BIUSHUS JUHAMUUYECKUX MPOIECCOB
Ha TNOBE/IEHNE 030HA cpenHel aTMocdepsl, U, caMoe TJIaBHOE, Ha TOBEIEHUE Me30CHEPHOTO
030HA. JTO CTAaHOBUTCS BaKHBIM IIPH OILIEHKE BO3JEHCTBUS 3apsHKEHHOW KOMIIOHEHTHI Ha
Me30c(hepHBbIi 030H B aBpOpaAIbHOH 30HE.

W3 pe3ynbTaToB HAIIMX UCCIEIOBAHUN ClEIyeT, YTO Bapualuu Me30chepHOro 030Ha (Ha
BbIcOTe 60 KM) B 3UMHUH CE30H Mepuo/ia HU3KOH COJTHEYHOW aKTUBHOCTH OBLIM B OCHOBHOM
CBSA3aHBl C M3MEHEHMSIMH LMPKyIsAUuu arMocdepbl. V3MEHUMBOCTh KOHIIEHTpAIUH
Me3ochepHoro o3oHa (60 kM), KOTOpas MPOUCXOIUT H3-32 (HOTOXMMHYECKUX MPOIIECCOB,
MOXXET 3HAYUTENIbHO YCTynmaTh BapuanusiM O3z, KOTOpbIE BbBI3BAHBI JWHAMUYECKUMU
mporeccaMi, a HMMEHHO TIOJNSPHBIM BUXpeM W (WIM) BHE3AMHBIMH CTPATOCHEPHBIMU
MOTETJICHUSIMU.

Hazemnbie wu3MepeHMsT O030Ha C BPEMEHHBIM pa3penieHueM 15 MUH ToKaszaiu
3HAYUTENIBHOE U MPOJOJDKUTEIBHOE BIMSHUE BHE3AMHBIX CTPATOC(HEpHBIX MOTEMJICHUH Ha
030H cpenHel aTMocdepbl. BO3MOXHBIM CIeACTBHEM CTPAaTOCHEPHBIX MOTETUICHUN SIBIISTIOTCS
KpaTKOBPEMEHHbIE, MPOJODKUTEILHOCTHI0O HECKOJBKO JHEH, «BCIUIECKH» Me30C(hepHOro
o30oHa Ha BbicoTe 60 kM. TepMHH BCIUIECKM MBI YHNOTpeOssieM Kak MpHUpalieHue
KOHLIEHTPALIMK 030Ha OTHOCUTENILHO HEBO3MYILIEHHOTO YPOBHSI.

Paboma sevinonnena 6 pamxax I'ocyoapcmeennoco 3aoanus UIID PAH (npoexm FFUF-
2021-0008).
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