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O0wmas xapakTepucTHKa padoThl

AKTyaJIbHOCTh HccJenoBaHusi. TepMuH «arMocdepHoe CTpyiHOE
TEUEHHUE» NPUMEHICTCA K Y3KOMY, IPOTSHKCHHOMY BO3AYLIHOMY IIOTOKY
60IBLION CKOPOCTH C MAKCUMAJIBHBIMU CKOPOCTSIMH B €r0 LIEHTPAIbHOI YacTu U
CWJIBHBIMHA BEePTUKAJIBHBIMA M TOPH30HTAIBHBIMU CABHTaMH BeTpa. CTpyiHbIC
TEUEHUs TPHUCYTCTBYIOT B Pa3IUYHBIX CIOAX arMocepsl — B HIDKHEH
tporocpepe [Luiz and Fiedler, 2024], B ctparocdepe [[lorocsH, 1960;
Hartmann, 1983], Ho HauboJsiee YacToO MOA 3TUM TEPMHHOM IMOPA3yMEBAIOTCS
BEpXHETPONOC(EpHbIC TEUCHNUSI, OOHAPY>KUBAIOLINECS B 30HE TPOIOMAy3bl.

Bepxuerponochepnsie (wium BbICOTHBIE) crpydHble TedeHus (CT)
HaXOIATCA B CTPYKTYPHOH CBSI3HM C BBICOTHBIMHU ()pOHTANbHBIMU 30HaMu (BD3)
— oOmacTsiMM yBENTMYEHHBIX TOPH3OHTANBHBIX TPAIUCHTOB [ABICHUS U
temrneparypsl [byraes n xopmkuo, 1951; Ilorocsn, 1955; BopoObes, 1968;
Pazopenoga, 2016; Pazopenosa u llla6anos, 2019]. CoBmecTHO OHU (YOPMUPYIOT
O0ImMpPHYI0 OapOKIMHHYIO 30HY, WIPAIOIIYI0 KIIOYEBYIO DPOJb B Pa3BUTUH
aTMOC(EepHBIX MPOIIECCOB. B mpenenax qaHHBIX 30H OCYIIECTBISIOTCS Hanbomee
WHTCHCUBHBIC TOPU30HTAJIBHBIC U BEPTUKANbHBIEC IBM)KCHUS BO3AYIIHBIX Macc
[Endlich, 1953; Hubert, 1953; Murray and Daniels, 1953; Cressman, 1981].
Bosmymienuss cuHomTMueckoro Macmradba  (QppoHTanbHBIE UKIOHBI U
TIOJIBYDKHBIC aHTUITUKJIOHBI) MPEUMYIIECTBEHHO (hopMmupyroTcs B obmactsax CT,
XapaKTePU3YIONNXCSI MaKCUMaIlbHBIMU CKOPOCTSMH BETpa, C MOCIETYIOIINM
pacrpocTpaHeHHEM B HAIpaBICHUHM BEOYIICTO MOTOKA 30HBI, BAONb sapa CT
[Vederman, 1954; ITorocsH, 1960; Ixopmxuo u [letpenko, 1967].

Ocobass poms CT mnposBisercss B (OPMHUPOBAHUHM PETHOHAIBHBIX
MOTOMHBIX W KiauMatudecknx amomanmii [Rothlisberger et al., 2016]. C
pexxnmamu CT, ¢ X HEyCTOMYMBOCTHIO M MeaHapupoBanuem [OOyxoB u 1p.,
1984; Moxos, 2011; Moxos, 2020; Chen et al., 2022; Woollings et al., 2010;
Nakamura and Huang, 2018] cBsizaHo pa3BuTHE OJIOKHpOBaHUM (OJIOKMHIOB) B
Tpomocdepe cpeanux mupor [Rex, 1950; Lupo et al., 2019]. OcobenHoctu
IIUPOTHOTO TONOKEeHUsT M WHTeHCHBHOCTH CT MpOSBISIOTCS B M3MEHEHHUSX
B3auMOACHCTBHS ~ arMocepbl W OKeaHa, BapHalUAX  TPACKTOPHH
BHETPONMYECKUX MUKIOHOB, PETHOHAIBHON N3MEHYHBOCTH MIPHUITOBEPXHOCTHOM
TeMIieparyphl U ocaakoB [Belmecheri et al. 2017; Galfi and Messori, 2023; Ma
etal.,2020; Ren et al., 2008; Rousta et al., 2023; Spensberger and Spengler, 2020;
Zhang et al. 2019]. Ormeuaetcs cBsa3b pexxumoB CT ¢ KIIIOUEBBIMH MOZAMHU
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KJIMMaTH4eCKON M3MEHUYMBOCTH, BKIIo4asi CeBepoaTiaaHTHYecKoe, ApKTHYECKOe
u FOxHOe KonebaHus, ¢ MPOTHKEHHOCTHI0 MOPCKHX JIBIOB M CHEXKHOTO TTOKPOBA
HajJ KoHTHHeHTamu [[{rokapeB u np., 2008; HepymeB u np., 2018; Hall et al.,
2014; Strong and Davis, 2008], a Takke co CTparocpepHbIMUA COOBITHIMH, B
YaCTHOCTH, C BHE3alHbIMU cTpatocdepHbiMu moterieHusMu [Kidston et al.,
2015; Goss et al., 2021].

Pacnomarasice Ha  BBICOTaX,  XapakTePHBIX  [UISI  TIOJICTOB
JalbHeMarucTpanbHbIX camoneToB, CT sABIAIOTCS OOBEKTOM HEMPEPHIBHOTO
MOHHTOPHHTA IJIi aBHALMOHHBIX CIY:KO MOTOonbl Bcex crpad. Mudopmamnms o
MECTONOJIKEHNH 1 MHTEHCUBHOCTH, a Takke NporHo3 »soironuu CT BaxkHBI ¢
TOYKH 3peHus Oe3omacHocTH M ontumusanuu nonetoB [lllakuna u MBanoBa,
2016]. Hambonee wnreHcwBHble yuacTku CT, xapakTepusyrommecs
3HAUYNUTEIHFHBIMU CIIBUTAMH BETPA, SBJISIOTCS OCHOBHOW 30HON BO3HHKHOBCHUS
«typOynentHocty B sicHoM HeOe» [Clem, 1955; Di Vito et al., 2025], kotopas
MOXET IPEACTABIIATh CEPhE3HYI0 ONACHOCTh [Tl BO3AYLIHBIX CYIO0B.

Pexumer CT, kak xapakTepHBIE CTPYKTYpPHBIE U JHHAMHYECKHC
0COOEHHOCTH O0OIIeHd LUPKYISAIUH aTMOC(ephl, NOIKHBI H3MEHSATHCA IpH
M3MEHEeHHAX KiuMmara. B wactHocTw, B [Strong and Davis, 2007] oTmeueHa CBs3b
CKopocTH BeTpa B sape cyorponmueckoro CT ¢ HMHTEHCHMBHOCTBIO
MepuauoHanbHON sueiikn Xommu. ComnacHo [Francis and Vavrus, 2015]
100abHOE TIOTEIUICHWE C YMEHBIIEHHEM MEXIIMPOTHOTO TEMIIepaTypHOTO
rpajiveHTa #3-3a NPOSBIECHHA APKTHYECKOTO YCHJICHHS C Ooyee CHIIBHBIM
MOTETJIEHHEM B Tporocdepe Oosiee BBICOKHX IIUPOT CIOCOOCTBYET 3aMeUICHHIO
nossipHoro CT wu Oomblneld ero M3BUIMCTOCTH. Ilpm 3TOM B HCCIIeIOBaHUU
[Meleshko et al., 2016] yka3bIBaeTcst, 4T0O APKTHYECKOE yCHUIICHHE 3HAYUTEIEHO
MOBBIIIAET TEMIIEPAaTypy NPU3EMHOTO BO3AyXa B MOJISPHOM pPErHoHE, HO OHO
HEJIOCTAaTOYHO BEJIHMKO, YTOOBI BBI3BIBATh YCHIICHHE KOJIeOaHHMH IUIaHETapHBIX
BONH. [Ipym pa3nmuYHBIX TEMITEpaTypHBIX TCHIACHIHSIX B CIOSX TPOmochepsl u
crparocepbl BO3MOXKHBI pa3jivuHble TeHAeHUUU s pexkumoB CT [Moxos,
2022; Stendel et al., 2021]. B nenom, kak ormMedeHo B paborax [Hall et al. 2015;
Osso et al., 2025], peakuys MHOTHX acCleKTOB arMoc(epHO IUPKYIAIUH,
Brirodas CT, Ha U3MEHeHHe KIIMMaTa 0CTaeTCsl MaJlo H3yYEeHHON.

Leabro HacTOAIIEH AHICCEPTAITMOHHON PaOOTHI SABISETCS UCCIICAOBAHIE
0COOCHHOCTEH NPOCTPAHCTBEHHOro pacmpeaeneHus u u3MeHuuBoctu CT
CeBepHOro Mojymiapusi, B YaCTHOCTH, B aTJIAaHTUKO-EBPAa3UHCKOM pPErvoHe 3a

MEpUOJl TOCIEIHUX JECITWIETHM C MCHOJIb30BAHUEM IIOJIEH peaHaIu30B,
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pEe3yNIETAaTOB ~ YMCJIGHHOTO  MOJICIUPOBAHMSA, JAHHBIX  adPOJIOTHICCKHX
HaOJIONEHUH U CITyTHUKOBBIX CHIMKOB.

J1s moCTHKEHUs TOCTABICHHON LEH B pa0dOTe PEeIIaiiCh CICIyIOIINe
3aJa4u:

1. aHalIW3  LIUPOTHO-JONTOTHOTO U IIMPOTHO-BBICOTHOTO
pacnpenenenus nosropsemoctu saep CT B aTiaHTHKO-eBpa3HICKOM peruoHe 3a
nepuog 1980-2023 rr,;

2. MONMYyYCHHE  KOJMMYECTBCHHBIX  OICHOK  HMHTETPAbHBIX
xapakrepuctuk CT CeBepHoro noiyuapusi 1 UX U3MEHEHUH B TOIOBOM XOZ€ U
MEXTOJIOBOM M3MEHYHMBOCTH 3a nepuoj 1980-2021 rr.: KHHETHYECKON SHEPTrUU
CT, monmu obmelt kuHeTH4Ieckoi sHeprun arMochepbl CeBepHOTo MOIyIIapus,
cesizanHOl co CT, u momu o6bpeMa arMmocdepHbIX cioeB B obnmactu CT B oOmem
AHAIM3UPYEMOM CJI0€ aTMOC(EPHL;

3. MOy YCHHE KOJIMYECTBEHHBIX OIIEHOK WHTETPaJIbHON
KHHEeTHYeCKol »HHepruu BHerpornumueckux CT B  ariaHTHKO-eBpa3UiCKOM
pEeTMOHE M WX M3MEHEHWH B TOJOBOM XOJ€ M MEKIOMOBOW M3MEHUMBOCTH 32
nepuoxa 19802023 rr.;

4. OIICHKAa JIOMM KHUHETUYECKOW OSHEPTHH, COOTBETCTBYIOMICH
MEpUIMOHATHHON COCTABISIIONIEH W €€ W3MEHEHHM B TOAOBOM XOAE U
MEXro/oBoii M3MeH4YnBocTU 3a mepuon 1980-2023 rr. ¢ 1ienblo BBISBICHUS
CTeTleHn MeaHnpupoBaHus BHeTpormumueckux CT B amIaHTHKO-eBpa3sUHCKOM
peruoHe;

5. aHaNN3 CPeTHEMECSIHBIX MUPOTHO-OITOTHRIX pacTpeIeIeHui
TJIaHETapHOU BBICOTHOM (poHTabHOU 30HHBI ([IBD3) CeBepHoro morymnapus 3a
nepuoa 1990-2023 rr. 1 olieHKa ee MOJIOKEHUSI OTHOCUTEIBHO KIMMAaTHYEeCKON
HOPMBI, IPEJICTABICHHOM 3a nepuog 1961-1990 rr;

6. BBIBIICHHE pekuMOB BHeTpormdeckux CT B amIaHTHKO-
EBpa3WiiCKOM pETHOHE BO BpeMS pPa3BUTHS MHHOPHOTO  BHE3AITHOTO
crparocdepHoro norerienus sumoi 2014-2015 rr;

7. BOCIIPOM3BENICHHE aTMOC(EPHON MHUPKYIAIUN U TONyYCHHE
xapakrepuctuk CT B pamkax Me3omacitadHoi yrciaeHHoi moaenun WRF-ARW
U JIaHHBIX adPOJIOTHMYECKOTO 30HAWPOBAHMS IPH YCTAHOBJICHHH 3IH30/I0B
nerHero OmokupoBanus B 2010 n 2018 rr. Haj eBpomeiickoil acTteio Poccun
(EYP) u CxaHAMHABCKUM TOJYOCTPOBOM COOTBETCTBEHHO.



OCcHOBHBIE IOJIOKCHH S, BBIHOCUMBbIC HA 3AIIIUTY:

1. Hoseiii meton BbimeneHus spep crpyinbsix tedennit (CT) B
TPEXMEPHBIX MOJSAX CKOPOCTH BETPA, YUUTHIBAIOIMIHNK OpreHTHPOBAaHHOCTh CT
yepe3 OTHOUICHWE 30HANBHOM KOMIOHEHTHI CKOPOCTH K MOOYIIO |
MO3BOJIAIOIINNA OOBEKTUBHO JIETEKTUPOBaTh CTPYKTypHbIe ocobeHHoctn CT:
BETBJICHUE, CIIUSHNE U MEaHAPHPOBaHHE.

2. OpHopoaHble TUIBI pacnpenenenus nosropsemoctu saep CT B
aTIIaHTHKO-eBPAa3HHCKOM PETHOHE IS XOJIOMHOTO (HOAOpB-alpenb) U TesIoro
(MOHB-CEHTAOpPh) TEPHOIOB C TMEPEXOAHBIMU PEKMMaMH B Mae U OKTAOpe.
OOHOPOAHOCTD, PEXIE BCETO, MPOSABIIAETCS B HATMYKMH 0011Iei reorpaduaeckoit
oOnacT W ONM3KMX YHCIOBBIX 3HAYEHHSIX MaKCHMAaJbHOH IOBTOPSIEMOCTH
cyorponmyeckux CT i Bcex MecsIeB BHYTPHU IIEPHOIOB.

3. HoBble  Konmm4yecTBEHHBIE U  TPOTHOCTUYECKHE  OICHKH
unterpaibubix xapakrepuctuk CT CeBepHoro monymapus 3a nepuon 1980-
2021 rr. HauGonee 3HaunMble TpeHb! (Ha ypoBHE 95%) OTMEUEHBI B JIETHUI
CE30H, BKITIOYAst: TPEH B! OCIabIeHus KnHeTH4eckoi sHeprun CT; ymMeHbIIeHHe
Jond oOIell KuHeTH4Yeckod fHepru arMocdepsl CeBepHOTo MoiyIIapus,
csizanHOM co CT; cokpamienne monu oo0bemMa atMmocepHbIx cioeB B oomactu CT
B 00IIeM aHAM3UPYEMOM ciI0e atMocdeprl. B 3uMHUI Ce30H BBISIBICHO TONBKO
3HaYMMOE yMeHbllieHue aonu oobema CT.

4, KonmuecTBeHHBIE M TPOTHOCTUYECKHE OIEHKU WHTETPaTbHOM
KHHETHYECKOW dSHepruwm BHeTpormmdyeckux CT B aTIaHTHKO-eBPa3sUHCKOM
perrnone, yKa3bpIBaIONINe Ha TO, YTO BO BCE MECSIIBI, 32 UCKIIOYCHUEM Mast (71
KOTOPOTO OTMEYEH CTAaTUCTHYECKH 3HAYMMBIA Ha ypoBHE 95% poct), HE
HaOJoaeTcs JIOCTOBEPHBIX W3MEHEHHH XapaKTePHCTHKH B  IIOCIIEIHUE
necatuiaetrst (1980-2023 rr). OIEHKH MEXIoJI0BOM HM3MEHUYWBOCTH JIOJIH
KWHETUYECKOH SHEepIruu, COOTBETCTBYIOIIEH MEPHIMOHAIBHON COCTAaBISIOIIEH,
TakKe HE BBIIBIJIM 3HAYMMEIX TPEHIIOB, YTO CBUACTENHCTBYET 00 OTCYTCTBUH
YCTOMYHMBOW TEHACHIIMU K YCUJICHUIO MeaHApupoBaHus win 30HansHocT CT B
permoHe Ha  QoHe  HaOMIOAaeMOro  OCHAaONeHHWS  MEpPUINOHAIBLHOTO
TeMIIepaTypHOTO TPaIuCHTA.

5. Pesynerarbl aHamM3a OTKIIOHEHUH CPEeAHEMECIYHBIX MTOJIOKEHNH
IUIaHeTapHOW  BbICOTHON  (poHTansHod 30HBI ([IBDP3) orHOCHTENBHO
KmuMaTudeckoil HopMbl (1961-1990 rr) M TeHOEHIIMM WX HW3MEHYUBOCTH B
CeBepHom mnonyumiapuun 3a nepuon 1990-2023 rr, ykasplBamomipe Ha

CTaTUCTUYCCKHU 3HAUYUMBIN TPEHJ K YCWICHHIO MCPUANOHAJIbHBIX OTKJIOHCHUI
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[IB®3 B neTHUil ce30H; B THUXOOKEAHO-aMEPUKAHCKOM CEKTOpe 3HauMMbie
YBEJIMYEHUS MEPUAUOHAIbHBIX OTKJIOHEHUM OTMEYEHbl TaKK€ B BECEHHUU U
OCEHHUI CE30HbL.

Hayunas HoBu3HA. Pa3paboraH HOBBII YHUBEPCANBHBIM METOX

BeigeneHus saaep CT B TpexMepHBIX MOJSIX CKOPOCTH BETPa, YUUTHIBAIOIIUM
IIPOCTPAHCTBEHHYIO OpuUeHTHpoBaHHOCTh CT uepe3 OTHOIIEHUE 30HAJIBHON
KOMIIOHEHTBI CKOPOCTH K €€ MOAYJI0. JTO MO3BOJSET C BBICOKOW TOUHOCTBIO
OTCIIe)KMBAaTh BETBIIEHHE M CIMSIHME, & TaK)Ke KOPPEKTHO HICHTHU(HUINPOBATH
yuactu CT nOpu CWIBHOM MEaHIPUPOBAHUM. YHHUBEPCAJIBHOCTb METONA
3aKioyaercs B ero npuMeHuMoctd Kk CT Ha pa3iuuHBIX YPOBHIX aTMOCQEpHI.
BnepBele A aTIaHTHKO-EBPA3UHCKOIO  pEerMoHa  BBIIEJNEHBl  JBa
KJIMMAaTOJIOTHYECKUX pekuMa rmoBropsiemoctd sinep CT: xomomublid (HOSAOPB-
ampenb) W TeIUbli (MIOHBb-CEHTAOPH) C NEpPEeXOJHBIMH PEeXHMaMH B Mae H
okTs0pe. Kpureprem BeiaeneHus OCTyKiIa IPOCTPAHCTBEHHAS! OMHOPOJHOCTD
nosie HauOOoJNbIIeH MOBTOPSIEMOCTH BHYTPH CE30HOB. BIiepBbie MOIy4YEHBI
KOJIMUECTBEHHBIC U IMPOTHOCTUYECKHE OLCHKM HMHTETPAJIbHBIX XapaKTEpUCTHK
CT CesepHoro nomnymapust. s saerponudeckux CT aTnaHTHKO-eBpa3UiCKOro
pEruoHa MpPOBEJEHA OLIEHKA BKJIaJa MEPUJUOHAIBHOW COCTaBISIOLIEH B
KMHETUYECKYI0 JHEpPIHIO, 4YTO IIO3BOJMIO CHAENaTh BBIBOA 00 OTCYTCTBHH
YCTOWYMBOM TEHJICHIIUU K YCUJICHHIO MeaHApUpoBaHusa win 3oHaibHocTH CT B
yCIOBUSAX HaOIIOZaeMoro M3MeHeHWs KinMmara. B paGore BrepBble HpoBeneH
aHaJIN3 CTPYKTYPHO CBSI3aHHBIX JJIEMEHTOB OOIIEH LUPKYIAUH aTMOC(Ephl —
CT u mnnanerapHoil BBICOTHOW (poHTanbHOM 30HBEI ([IBP3) CesepHoro
MOTyIIapusi, — BBIIBUBIIMH COIVIACOBAaHHBIE M3MEHEHHS HX XapaKTEPUCTHK B
COBPEMEHHBIX KIMMaTHYECKUX YCIOBUAX.

IlpakTuyeckasi W HayyHas  3HAYMMOCTb. [Ipennaraemslii

yHUBepcabHBIN MeTon Beiaenenus saep CT, mpuMeHUMBIN Ha JI0OBIX YPOBHAX
arMocepsl, TT03BOISIET HCClIeoBaTh OCHOBHEIE Xapakrepuctuku CT, Bkitogast
WHTCHCUBHOCTh W MPOCTPAHCTBEHHOE IIOJIOKCHHE, JaXXe Ha CHIBHO
WCKPHUBIICHHBIX y4acTKaX. AJTOPUTM MOXeT OBITh JIETKO BOCIPOW3BE/EH Ha
J000M U3  JOCTYNHBIX SI3BIKOB INPOrPaMMHPOBAHHS, UTO IO3BOJISET
ABTOMAaTU3UPOBATH 00PAOOTKY OOJBIINX 00BEMOB TaHHBIX.

B pabote mpencraBieHsl pe3ynbrarsl aHanmsa m3MeHumBoctH CT mn
IIB®3 CesepHoro mosymiapusi Ha (GoHe TIOOATBLHOTO TMOTEIUICHUA KJIUMara,
0COOEHHO MPOsIBUBLIETOCS B MocienHue aecatuiaetus. Ha ceroguamnuii neHp

OTCYTCTBYeT TO4YHOE mnoHumaHue Ttoro, kak CT pearupyror Ha mI0OajbHbIC
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KJIMMaTH4ecKre n3MeHeHus. [lomydyeHHble cTaTUCTUUECKH 3HAYMMBbIE TPEHIbI —
ocnabnenne HTerpanbHoi kuHeTndeckoit sHeprun CT CeBepHOro momynrapus
U YCWICHHE MEpUAUMOHANBHBIX OTkiIoHeHui [IBD3  oTHOCHTENBHO
KIMMaTH4eCKOH HOPMBI — CBHAETENBCTBYIOT O HANOOBILIEH TyBCTBUTEIEHOCTH
3TUX MapaMeTPOB K U3MEHEHUSM B JIETHUH CE30H.

JlOCTOBEPHOCTh  PE3YJIBTaTOB  HCCIIEIOBaHUS  OOecleurBaeTCs:
WCTIONIb30BAaHUEM COBPEMEHHBIX aTMOC(EPHBIX pEeaHaJH30B, IPOIIEAIINX
BCECTOPOHHEE TECTHPOBaHWE, MPUMEHEHHEM CTAaTHCTHYECKH OO0OCHOBAaHHBIX
METOZIOB aHaJlW3a C OIEHKOH 3HAYMMOCTH IIOMY4YEeHHBIX IIOKa3arelneil;
(uznuecKoil cormacoBaHHOCTBIO BBIBOOB C CYIIECTBYIOIUMHU TEOPETUIECKUMHU
NPEJCTABICHUSAMU U Pe3yJbTaTaMH APYTUX UCCIETOBAHUM.

Anpodanusi pe3yabTaTroB. Pesymbrarel paboThl JOKIagbIBAIUCh HA

POCCHUCKUX U MEXTYHAPOAHBIX HAYUYHBIX KOH(QEPEHINIX, B HX YUCIIC:

48-i1 exeromHpli Amnarutckuid cemMuHap «Du3nka aBpOpaNTBHBIX
sBreHui», Anarutbl, Poccusi, 2025 r. (yctHbiii noknan); V Bceepoccuiickas
KOH(EPEHIUST ¢ MEOKIYHApOIHBIM ydacTHeM «TypOyJaeHTHOCTh, NWHAMHKA
armocepsl W kimmara», MockBa, Poccus, 2024 1. (ycTHBI nokian);
MeXIyHaponHas KoHpepeHIms «V3MeHeHHs KiIuMmara: WpPUYHHBL, PHUCKH,
MOCJICJICTBUS, IPOOJIEMBI ajanTanuu U peryiupoanus. Kiimmar-2023», Mocksa,
Poccus, 2023 1. (ycrHeid poknan); IV Bceepoccuiickas koHpepeHIus ¢
MEXKITYHAPONHBIM y4acTHeM «TypOylIeHTHOCTh, IWHAMHUKA arMocepbl u
knuMata», Mocksa, Poccus, 2022 1. (yCTHBIN JOKIIAJ, MOYETHAs IPaMoTa Cpeau
MOJIOZIBIX YUYEHBIX 3a INMpeACTaBIeHHBIH aoxian); 1V Beepoccuiickass HaydHO-
npaktuieckas KoH(pepeHus «CoBpeMEHHbIE TEHICHIMH M IEPCIIEKTUBHI
pasButusa ruapomereoposiorud B Poccum», Upkytck, Poccus, 2021 . (ycTHBIN
JOKJall, 1-oe MecTo B KOHKYypCE YCTHBIX JOKIJIAJOB CPEIU MOJOIBIX YUEHBIX);
MEXKIyHApPOIHAs OHJaiH-KoH(pepeHs «Kimumarndeckue W MOTOIHBIC
SKCTpEeMaJIbHBIE SBJICHUS: JaHHbIe, aHalu3 U Bo3aeiicteue», “WCEDAI-2020”,
Poccus, 2020 r. (yernwiii goknan); The EGU General Assembly 2020 online
activities "Sharing Geoscience Online", Bena, ABcrpusa, 2020 r. (ycTHBIH
noknan); Bceepoccuiickas koHdepeHius «lM3MeHeHUWs Kiaumara: MpUYHHBI,
PUCKH, TIOCHEACTBUS, NpOoOJeMbl ajanTallid W PperyjiupoBaHus», Mocksa,
Poccus, 2019 r. (mocTepHBI MOKIAN); MEKIyHApOOHAS KOH(PEPEHIHS II0
BBIUUCIIUTENIEHO-UHPOPMAIIHOHHBIM TEXHOJIOTUSAM U HAyK 00 OKpYy’Karowiei
cpene “CITES-2019”, Mocksa, Poccust, 2019 r. (kpaTkuil yCTHbIIM qoknan).



JInunblid _BKJaa. Bce PE3yJibTaTbl, H3JIOXKCHHbBIC B AWCCEPTALIMHM U

BomreAmue B padoTsl [1-13] u3 cnmcka myOnuKamuii mo Teme TUCCEepTaIlny,
MOJIYYECHBI JUYHO ABTOPOM HIJIM IPU €ro HEmoCpeACTBEHHOM ydactuu. [lpu
MOATOTOBKE TIPEICTABICHHBIX PE3yJIbTaTOB K ITyONHMKAallMd COBMECTHO C
coaBTopamMu B paborax [3, 5, 9, 10] Bkiam aBropa auccepTanuyd ObLI
OTIpeNeNIonuM, B padorax [1, 4, 6] aBTopy MpHHAICKAT pa3ieibl, CBSI3aHHEIC
C aHANM30M CTPYHHBIX TEUCHHWH MpPH MHUHOPHOM BHE3AITHOM CTpaToc(hepHOM
MOTEIUICHUH, a TakkKe C OOpabOTKOM CIyTHUKOBBIX CHHUMKOB C TpsSIaMH
MEPUCTBIX 00JIAKOB 1 aHATH30M XapaKTEPUCTHK CTPYHHBIX TCUCHHH.
Iy6aukamun. OCHOBHBIC PE3yJIbTAThI IT0 TEME JHCCEPTALUU U3JI0KEHBI
B 13 mevyaTHpIX U3MaHUIX, 5 U3 KOTOPBIX H3IaHBI B )KypHAIaX, PEKOMEHIOBAHHBIX
BAK, u B )xypHanax, sxomsamux B 06a3sl ganaeix SCOPUS, Web of Science mmu
Russian Science Citation Index (RSCI); 8 — B Te3ucax T0KIaa0B.
baarogapHocTi. ABTOp BBIpaXKaeT NIyOOKyIO OJIaroqapHOCTb CBOEMY

HAay4YHOMY pyKoBOxuTeNmto, A. ¢.-M. H., Uxermanu OtT0 ['ypamoBuuy 3a
MHTEPECHYIO TeMy, TOCTOSHHOE BHUMaHHE, [IEHHBIE COBETHl W BCECTOPOHHIOO
MOZJIEP’KKY Ha BCEX dTarax IOArOTOBKU JTUCCEpTalMOHHOW paboTsl. Ocoldyro
NPU3HATENFHOCTh aBTOpP BhIpakaeT akageMuky PAH, x. ¢.-m. H., mpodeccopy
MoxoBy Uropro MBaHOBHUYT, KpyIHEHUIIIEMY CICIHAIUCTY B 00JIaCTH TEOPUHU
KJIIMAaTa, AUArHOCTHKH M MOJAEIHPOBAHUS KIMMATUYECKUX W3MEHEHHUH U UX
MOCJIEACTBUM, 32 KOHCYJIBTAlUM M COBMECTHOE COTPYJHMUYECTBO B PpaMKax
COBMECTHOW HAay4YHOW CTaTbhH, Pe3yNbTaThl KOTOPOW MpeCTaBIeHbl B JAHHOM
pabore. ABTOp HCKpeHHe Omaromaput a. ¢.-M. H., Kypranckoro Muxauna
BacuipeBnua 3a IUIOOOTBOPHOE COTPYAHHYECTBO B pabOTe HAJ COBMECTHOMN
Hay4YHOI CcTaThell 1 HEOLIEHUMBIH OIIBIT, KOTOPBIH OB Ha pa3BUTHE JaHHOTO
uccnenoBanusa. Asrop Onaromaput Bazaery H.B. n [lunenko K.A. 3a coBmecTHOE
COTPYIHHUUYECTBO, MOICPXKKY U IIOMOLIb B IIPOLIECCe HATUCAHUU pabOThl. ABTOP
BBIpaKaeT TIIyOOKyI0 MPU3HATENFHOCTh KOJUICKTHBY LleHTpa nemoBoit
ruapomeTeopoornaeckor napopmarmm «CeBepy U COTpyIHUKAM JabopaTopuu
JONTOCPOYHBIX ~ METEOPOJIOTHYECKHX  TPOTHO30B,  APKTHYECKOTO |
Anrtapktudyeckoro HUM 3a moamepkky B HamucaHud pabOThl W IIEHHBIC
IUIOZIOTBOPHBIE JTUCKYCCHH. ABTOpP HCKpEHHE OnarogapHa BCeM pOIHBIM U
OIMM3KIM 32 MX TepIeHNE, TOIAEPKKY U BEpY.

CrpykTypa M _0o0beM auccepranmu. Jluccepramus COCTOUT U3

BBEJICHUS, YEThIPEX INIaB, 3aKJIIOYEHUS U CIHCKA JuTeparypsl. OOmuil 00bEM



JuccepTanuy cocrasisier 127 crpanul, BKItoyas 55 pucyHka, 9 tabmun. Cnucok
JUTEPaTypbl CONEPKUT 132 HaUMEHOBaHUH.

Conep:xanue padoTbl

Bo BBemeHHMM 000CHOBaHa aKTYaJIbHOCTh TEMBI HCCIIEIOBaHHS,
chopMynrpoBaHa Ieb M IIOCTABJIEHBI 3aJadd JUCCEPTAllMOHHON pPaOOTEHIL.
[IpencraBneHsl  MOMOXEHWS, BLIHOCHMBIE Ha  3aIIUTy, O0OOCHOBaHa
JIOCTOBEPHOCTh IMONYYCHHBIX PE3YyNbTaTOB W WX MpaKTHUYSCKas W HaydHas
3HaYUMOCTb. [IpuBeieHbI CBeleHHUs O TMYHOM BKJIaJe aBTOpa U 00 ampobanuu
pesynsraroB. [IpencraBieH cnucok MyONMKamMid MO TeMe JIUCCepTanMOHHON
paboTEI, ee CTPYKTypa U 00BeM.

I'napa 1 conepxut 0630p coBpeMeHHbIX npeacrasnenuii o CT u ux ponu
B KJIMMaTHdeckoi cucreme. B pasgene 1.1 ommcana ¢usudeckas mpupospa u
MexaHu3M (opmupoBanus CT. Ykazana nepBuYHAs NPUYMHA BO3HUKHOBEHHUS
CT, cBsi3aHHast ¢ 0apOKIMHHOCTBIO aTMOC(EpPHI B IpenesiaX (PPOHTAIBEHOM 30HbI.
B pazpese 1.2 npuBoautcs knaccuduranus 1 ocHoBHbIe TUIBI CT CeBepHOro
noytapusi. OnrcaHbl 00IIHE ¥ OTIIHYUTEIBHBIC YSPTHI IBYX OCHOBHBIX CHCTEM
CT — cyborponmueckux (CCT) u momsspusix CT. BrigeneHsl nBa (Qu3nuecKux
mpoliecca ¢ KOTOPbIMHU CBsi3aHbl 0OpazoBanue U noaaepxkanue CCT ¥ monsapHbIX
CT. IIpuBonsrcs ceenenus o kiumarosioruu CT CesepHoro nonyuapus. Pazaen
1.3 nocesiien poiu CT B arMocdepHbIX nporeccax u norogoodopazosanuu. CT
OTIPEZIETISIIOT ~ TPAGKTOPHH  BHETPONMYECKHX  O0Opa3oBaHHWH, CBA3aHBI C
IpoIeccaMy IUKIOTeHEe3a M aHTUIUKIIOTEHE3a Yepe3 MeXaHU3MbI BEPTHKAIBHBIX
OBIDKGHHUM, a Taloke SBISIOTCS KIIOYEBBIMH (DakTOpaMH BO3HHUKHOBEHUS
KPYITHOMACIITAOHBIX AHOMAJIHMK IHPKYILIUH, TaKHX Kak arMoc(epHbIe
omokuary. CT OKa3bIBalOT BIMSIHAE HA PEXUMBI TEMIICPATYPhl U OCAJKOB Y
3eMHOIl TOBEPXHOCTH, MOIYIHPYIOT OKeaH-aTMOC(epHOe B3aWMOJICHCTBHE.
Pa3znen 1.4 mocesmieH 0630py coBpeMeHHBIX uccienoBaHuii CT B KOHTEKCTE
u3MeHenuss knumara. Peakmms CT Ha coBpeMeHHOE HM3MEHEHHE KiMMaTa
OCTaeTcs CIIOKHOM M HEJOCTarOYHO H3ydeHHOW mpoOiemoil. HaGmomaemoe
ApKTHYECKOE YCHJIEHHE CIOCOOCTBYeT OCNaOJIeHHI0 MEPHAHOHAIBHOTO
TEMITEPaTypHOTO I'PaIneHTa Y TIOBEPXHOCTH, YTO MOXKET BECTH K OCTIa0JICHHUIO U
yBenuueHuto wmeangapupoBannst CT. B To ke BpeMsi IIPOTHO3UPYEMOE
MOTEIUICHUE HAa YPOBHE TPOIOMAY3bl MOXKET YCHUJIMBATh BBICOTHBIN TPAUCHT U,
COOTBETCTBEHHO, BeTep. JloMUHUpYIOIIee BIUSHHE ATUX Pa3HOHAIPABICHHBIX
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(akTOpOB, a TaKKe HMX PETHOHAIBHBIE M CE30HHBIE OCOOEHHOCTH TpeOyroT
JanpHeHmuX wccnenoBanwii. B pasmene 1.5 mpuBomsarcs cBemeHUs 00
nmeroruxcs Mmeronax wusydenuss CT. Cospemennoe wuccinenoanue CT
Oasupyercs Ha KOMIUIEKCHOM HCIIOJIb30BaHMM JAHHBIX aTMOC(HEpHBIX
peaHanu30B, CIYTHUKOBBIX H3MEPEHUH U pPaguO30HIOBBIX HAOMIOACHUH.
Kaxnplii w3 MerogoB o0namaer yYHUKAJIbHBIMH — JIOCTOMHCTBAMH U
OTPaHWYEHUSMH, W WX COBMECTHOEC NPHUMEHEHHE SBIAETCS HEOOXOINMBIM
yCIOBHEM ISl TIOMYYEHHS JOCTOBEPHBIX pE3YyJIBTaTOB W  yDIyOJNeHHOTO
MOHUMAaHUS IPOCTPAHCTBEHHO-BpeMeHHOM n3MenunBoctu CT.

B 'naBe 2 npuBOAsATCSI OCHOBHBIE TEPMUHBI, OTHOCSIIIIUECS K CTPYKTYpE
CT. IlpuBoauTcsi omucaHue aBTOPCKOM MeToAauku u3pieueHust saapa CT B
TPEXMEpHBIX TIONIAX BETpa, BKIIOYAas €€ BepU(HUKALUI0 C HPUMEHEHHEM
pa3mMUHBIX HAaOOpOB peaHANM30B W  CIIyTHHUKOBBIX n300paxeHmid. C
HCTIONB30BaHIEM pPa3pabOTaHHOTO METOAa TOCTPOSHBI W MPOAHATH3HPOBAHBI
pacnpenenenus nosropsiemoctd anep CT s xaxxgoro Mecsia B aTIaHTUKO-
€BPA3UICKOM pErHoHe.

B pasgene 2.1 mpuseneno ompeaeneHue CT B COOTBETCTBUH C
TepMuHONOrHeil BceemupHoil MeTeoponormdeckoit opranmsanuu  (BMO).
Paccmotpensl kitoueBbie CTpyKTypHBIE dnemeHTsl CT, Takue Kak ocCbh, AP0 U
MOJBHXHBIC 00MacTH MakcuMmanbHoro Berpa (OMB). BwigeneHbl OCHOBHbIE
xapakTepucTukn CT, K KOTOpbIM OTHOCSITCSI MHTEHCHBHOCTb M IIUPOTHOE
MOJIOKEHUE.

K nepBonauansHOMy U BaxkHOMY 3Tamy uccnenoBanus CT oTHocurcs
JOCTOBEPHOE OIpeIeNeHIHe HX XapaKTepPUCTUK, OCHOBHBIMHA M3 KOTOPBIX
CUHTAIOTCS IIUPOTHOE IMOJIOKEHUE U UHTEHCUBHOCTh. B pa3znese 2.2 uznoxeH
Mmeton BelaeneHus siapa CT B TpexMepHOM INPOCTPaHCTBE, COAEPXKALLEM JAHHBIE
0 BETpE B y3J1axX C PerysipHoi ceTkol (puc. 1). ANroput™M noucka MakCUMyMOB
CKOpOCTH BeTpa, oTHocAmuxcs K sapy CT, yuuThIBa€T y4acTKU ¢ OTKIIOHEHHEM
CTpyH OT 3alaJHO-BOCTOYHOTO HAIPABICHHUS Yepe3 OTHOIICHHE 30HAIBHOU
KOMIIOHEHTBI CKOPOCTH BeTpa K ee abCOMIOTHOMY 3HAu€HHIO, 4TO IT03BOJISCT
Oonee neranpHo aHanuzupoBare CT mpu BEeTBICHMH, CIAMSIHUM Ha CHJIBHO
UCKPUBJICHHBIX y4acTKax CTpyil.
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Pucynox 1 — Anroputm moucka simep CT B mone aGCOTIOTHOM CKOPOCTH BETPa
Ha ypoBHe u3obapudeckoil mopepxHoctu 250 rlla B cpok 00 UTC 4 nexabps
2020 roxa o naHHeIM peaHaiusa JRA-5S5.

B pasmene 2.3 ¢ wucrnomp3oBaHMEM TpeX Ha0OpOB peaHATH30B
Pa3IUYHOTO MPOCTPAHCTBEHHOTO PA3pEIICHUS U CITyTHHKOBBIX H300paskeHH ¢
BBIDOKCHHBIMH TpsSlaMd TIEPUCTHIX OOJIAKOB TIPENCTaBIeHA BepUPHUKAIM
Merofa. [3BecTHO, 4YTO pa3BUTHE MNEPUCTOH OONAYHOCTH MPOUCXOTUT HA
aHTHUITMKJIOHATLHOM cTopoHe mwiu BOnu3u ocu CT [Doswell and Schaefer, 1976;
oxopmxuo u Ilerpenko, 1967]. B pamkax uccieqoBaHHsA CBS3U TNEPUCTON
ob6nayHOCTH M 00NacTeld MOBBIIICHHON OTHOCUTENBHON BIQXHOCTH BO3IyXa B
BepXHEH Tporocdepe ¢ CHMMETPHYHOI HEYCTOHYMBOCTHIO, pa3BHBAIOIIEIiCs Ha
anTunukiIoHansHON cropoHe CT, ObI1 mpoaHanmm3WpoBaH OONBIION psAx
CIIyTHHUKOBBIX CHUMKOB B COYETAHHHU C HOMSAMU aOCOJIOTHON CKOPOCTH BETpa
JaHHBIX peaHajW3a Ha YPOBHAX BEPXHEH TPOMOC(Epsl, OTPAKAIOIINX
npoctpancTBeHHOe nonokenue CT [Kypranckuit u beszoreueckas, 2023]. beuio
YCTaHOBJIECHO, YTO IIPY UCTIOIH30BAaHUN CHIMKOB B BUIMMOM JINaIa30He (JaHHBIX
pammomerpa VIIRS crytamka Suomi NPP) rpaast mepucTeix o6makoB Hanbonee
YEeTKO MACHTU(QHUIMPYIOTCS HaJl KOHTUHEHTAMH B TPONMYECKHX IMHUPOTaX Kak
CeBepuoro, Tak u HxnHoro mnonmymapuit. Ha pucynke 2 mpeacraBieH
CpaBHUTENBHBIX aHanu3 nojoxeHuil syuep CT mo manHbIM peananu3oB: ERAS
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[Hersbach et al., 2020], JRA-55 [Kobayashi et al., 2015] u NCEP/NCAR [Kalnay
etal., 1996] B cpok 12 UTC 22 suBaps 2019 rona, a Takke CILyTHUKOBBIN CHIMOK
B BUIUMOM JHana3oHe, noixy4eHHbd paguomerpoM VIIRS ciytanka Suomi NPP
[NASA Worldview].

10°3.4. 0° 1° 20° 30° 40° 50°B.A4.

Pucynok 2 — HluportHo-goirotnoe mnonoxxenue saep CCT B momisx BeTpa
peanammzoB ERAS, JRA-55 1 NCEP/NCAR B cpox 12 UTC 22 suaBaps 2019
roja.

PesynbTaThl  NOKa3bIBAIOT, 4YTO, HECMOTPS Ha  pa3ivuus B
MIPOCTPAHCTBEHHOM pa3pElICHUN WCXOAHBIX IaHHBIX, BCE TPU peaHaIH3a
JEMOHCTPUPYIOT ~XOpOIIee COMIacueé B  BOCIPOU3BEACHHH IIMPOTHOTO
nonokeHus siaep CT. BaxkHO 0TMETHTB, 4TO pa3pabOTaHHBIN alrOPUTM MOXKET
OBITH YCIEIIHO MPHUMEHEH M ISl aHalIMu3a MOCJIEeJOBATEIbHBIX CITyTHUKOBBIX
CHHMMKOB, TTO3BOJISAS OTCIIKMBATh 3Boronnio CT Bo BpeMeHH. DTO MOXeET OBITh
0COOCHHO LIEHHO /ISl BEPU(PHUKAINN MOJIETBHBIX JTaHHBIX.

TakuMm 00pa3oM, MOXKHO 3aKIIOUUTh, YTO KaXABIM U3 Tpex
PACCMOTPEHHBIX pEaHalU30B MOXET OBITh WCIOIB30BAaH U HCCICIOBAHUS
xapaktepuctuk CT, ogHako MX BBIOOpP NOJDKEH OMNPENEISITHCS KOHKPETHBIMHU
3agadamu.  Peanamm3  ERAS,  oOmamatommii  Hambosnee  BBICOKHM
IIPOCTPAHCTBEHHBIM pazpemreHueM (0.25° x 0.25°), ontuMareH At JeTaTbHOTO
aHalM3a PEeruoHANBHBIX OCOOEHHOCTeH M 0ojee TOYHOTrO BOCHPOU3BEACHUS
ctpykrypsl CT. B 10 xe Bpems peanamms3bl JRA-55 (1.25° x 1.25°) u
NCEP/NCAR (2.5° x 2.5°) OymyT OpeAmouTHTEIbHEE IJIA PEIICHUS 3a1ad,
CBS3aHHBIX C HUCCIIEIOBAHUEM MHOTOJIETHEN M3MeHYMBOCTH U KiinMaTosnoruu CT.
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BonpmmHCTBO cymiecTBYIOMKX UccienoBannii, Harpumep [Koch et al.,
2006; Archer and Caldeira, 2008; Kuang et al., 2014; Belmecheri et al., 2017],
orpaHnuMBalOTCs aHanu3oMm pacmpeaenenus CT 1o ce3oHam  rona,
NPEeNMYIIECTBEHHO B 3UMHHH mepuon. Opnako mias Oojee AETaIbHOTO
nonnmanus guHamukn CT mpeacTaBisercs BaKHBIM IPOAHATU3UPOBATh UX
MECSYHYI0 U3MEHYUBOCTh. B pa3zaene 2.4 ¢ ucnons3oBaHUEM JaHHBIX peaHain3a
JRA-55 mpuBoaurcs pactpenenenue nosropsemoctu saep CT B arnaHTHKO-
eBpasuiickoM peruoHe 3a nepuon 1980-2023 rr. IloBropsiemocts CT mist
Ka)XXIOT0 Mecsla MpeACTaBlICHa B BHUAE IIHPOTHO-IOJITOTHBIX W IIHPOTHO-
BBICOTHBIX paclpesieicHnii. BBISBIEH OJHOPOIHBINA XapakTep paclpeneieHus
CT c HOsIOpst IO ampenb (XOJOAHBIN MEePHON) U C HIOHS IO CEHTIOPH (TEeIUThIM
IIepUO/), TPOSABIAIOMINICA, MpPEeXIe BCEro, B YCTOHYMBOM reorpadudeckom
NOJIOKeHNH obacTelt MakcumaibHOM mosropsemoct CCT. B mae n oxrsabpe
JEMOHCTPUPYIOTCS TIEPEXOIHBIE PEXKUMBI PACTIPEACICHUS MEXK Ty BBIICICHHBIMU
nepuoaamu (puc. 3). AHAJIOTUYHBINA aHANIN3, IPOBEJACHHBIN HA OCHOBE JaHHBIX
peanammza NCEP/NCAR, moka3ai MoTHOCTBIO COTIIACYIOIIHECS PEe3yIIbTaThI.

Buerponmueckue CT, obmamasi BBICOKOW IOABIKHOCTBIO, TPEOYIOT
ocoboro noaxona k ananmuzy. Hanbonee nmokasarensubM st Takux CT sBisercs
BBISIBIICHHE 30H HAHOOJIBINEH MOBTOPSIEMOCTH IIPH OTHOPOIHBIX CHHOIITHIECKUAX
npoueccax [IlorocsH, 1960]. B wactHocTH, pacnpenenenus CT moryT ObITh
PacCMOTPEHBI TPH pa3NIHBIX (opMax arMocepHOH IHUPKYISAIHUH COTIacHO
knaccudukanun Banrenreiima-I'upca [BopoOres, 1956; Bopobrer, 1960].

JJ1s XOJIOMHOTO ¥ TETUIOTO MepronoB roxa (¢ mexadpst 2019 mo Hos0ps
2022 Tr.) NPUBOJATCS MIUPOTHO-IOITOTHBIE pPACIPEEICHHsI TTOBTOPSIEMOCTH
nossipHelx CT Hapg CeBepHoif ATnantukoif, EBponoil u eBpomnelickoif 4yacTbio
Poccun (EYP) mpu Tpex OCHOBHBIX (popMax HUPKYIAMUH: 30HANBHOH (W),
mepuanoHanbHol (C) u Boctounoit (E) [Banrenreiim, 1940; ['upc, 1974].

Jlns Bcex ce30HOB roja xapakrep reorpaduueckoro ooHapyxenus CT
MIPU KXKI0H popMe ITUPKYIALNUN JIEMOHCTPUPYET 00IIHe uepThl: pu Gpopme W
HaOIroMal0TCA 30HBI HauOONbIIEH MOBTOPSIEMOCTH, BBITSHYTHIC B 30HAJIBHOM
HamnpaslieHuy, a npu Gopmax C u E — pacnonokeHHblie Ha nnepudepusi BRICOTHBIX
rpebHeil M JOXOMH B COOTBETCTBHMH ¢ uX Jokanu3anueil. C  yderom
pacnpenenenus MakcumanbHoW mosropsemMoctd CCT u momsipubeix CT mpu
pa3nu4HBIX (OpMax LUPKYISIMH B aTIAHTUKO-€BPA3HIICKOM pErvoHe s
KQXJOro Mecsla ObUIM BBIAEICHBI PETHOHbI, COOTBETCTBYIOIIME Hambosee

qactoMy oOHapyxeHuto noysipabix CT Hax EBpomoit u EUP. C okts10ps mo maid
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paiioH MOXeT ObITh OTPaHHYCH IMUPOTHEIME Kpyramu 40 u 60° c.11. ¥ JoIroTaMu
50°3.1. 1 70° B.1. C MIOHS 110 CEHTAOPH PErHOH paciipocTpaneHus noisipHbIx CT
CMEIaeTCs Ha CeBep W OTPAaHUYMBACTCS IIUPOTHBIMU Kpyramu 50 u 80° c.ir. u
nponroramu 50° 3.0, u 70° B.A. BrigeneHHbIE perrnoHb OBUIH HCIIOJIB30BAHBI B
ImaBe 2 nuis aHanM3a MHTErPANIbHBIX XapakTepucTHK BHeTporuueckux CT.
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80°c.w. 80°c.w.
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Pucynoxk 3 — IllupoTHO-10nTOTHEIE pactpeneneHus mopropsemocta saep CT
B aTIaHTHKO-e€BpasuiickoM peruoHe 3a mepuoxn 1980-2023 rr. mo AaHHBIM
peananusa JRA-55.

[naBa 3 conepxuT pe3ynbraThl aHAIN3a H3MEHUYMBOCTH HHTETPAIBHBIX
xapaktepuctTuk CT CeepHOro mnodymapuss ¥, B YacTHOCTH, AaTJIaHTUKO-
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eBpa3uiiCKOTO pernoHa Ha OCHOBE JIaHHBIX peaHanu3a. B kadecTse
JIOTIOTHUTEIBHOTO mapamerpa MIPUBOAATCS pe3yabTaThl aHamm3a
CPEAHEMECAYHbIX  IIMPOTHO-JONTOTHBIX  pacHpeneNieHuid  IUIaHeTapHOH
BEICOTHOH (hponTansHOU 30HEI ([IBD3) CeepHoro momymiapusi U OLEHKH €¢
U3MEHYMBOCTU. Bce nepeuncienHble mapaMeTpsl ObUIM pacCUUTaHbl HA OCHOBE
HabopoB maHHbIX ABYX peaHann3oB: NCEP/NCAR u JRA-55. Benen 3a panee
oryonukoBaHHBIME pabotamu [be3oreueckas u ap., 2023; lypHesa n UxeTtnanuy,
2021], tme mnpumensuicsi peanann3 NCEP/NCAR, B paHHOW TiaBe uist
MIPE/ICTABICHUS PE3yNbTaTOB TaKKe BBHIOpaH 3TOT Habop naHHBIX. IIpu 3TOM B
Ka)XJOM pasJiesie IPOBOAUTCS CPaBHEHHME C pe3yJbTaTaMM, IOJyYEHHBIMH C
npuMeHeHueM JRA-55.

B pasgene 3.1 npuBomATCs KOIMYECTBEHHBIE OLICHKHM KUHETUYECKOU
sneprun CT Ceseproro nomymiapus (Ex CT CII) u ee m3MeHEeHHUS B TOZOBOM X0J1€
Y MEXTo0oBOM m3MeHduBOoCTH 17si mepuoaa 1980-2021 rr. ¢ MUHUMAIBHBIMA
ckopoctsamu Betpa (V,,) B obnactu ctpyu: V=20 m/c, V,,=30 m/c u V,,= 40 m/c
(puc. 4). Kunerndeckast 3Heprusl pacCUHTHIBaIach mo (opmyse, ONM3KOH B
pabote [Archer and Caldeira, 2008]:

2

- Pt — Prar)
k=H —_——— k—HT+COS((pi) ( uf iy + viz_j’k) 0
Bo= 00 5 =D,

2 )

ij k=L Lj k=L

rie p — arMocgepHoe AaBICHUE, g — YCKOPEHHE CUIbl TSHKECTH, (0 —
reorpaguueckas mMpoTa, U U UV — 30HAbHAsT U MEPUINOHAIBHAS KOMITOHSHTHI
CKOpPOCTH BeTpa, | U j — HOMepa Y3JI0B CETKH IO IIUPOTe W JOJNrore; K
XapakTepusyeT BBICOTY arMoc(epHoro cios — L, H — HIDKHSAS U BEpXHSIL
TPaHUIIBI BCEr0 aHaam3upyeMoro armocdepHoro cios. B dwactHOCTH,
oneuuBaiuch 3HaueHusa Ex B cioe ot 500 no 100 rlla.

MaxkcumanbHble 3Ha4eHHus Ex CT CII momydyeHsl JJIs 3MMHETO CE30Ha,
MUHUMAaJbHbIE — JJ JieTHero. IIpm 5TOM MakcuUManbHas MeEXroaoBas
U3MEHYUBOCTh, XapakTepu3yeMmas. CpPEAHEKBAaJPaTUYECKUM OTKJIOHEHHEM
(CKO), mposiBnisieTcsi B IPOMEXYTOYHEIE CE30HBI, 0COOCHHO BecHOH. OTeHKH
muHeiHbpIx TpeHaoB Ex CT CII nmns pa3HbIX MecCsIeB BBIABHIM Hawmboliee
3HauuMble (Ha YypoBHe 95%) TeHigeHUMH B JETHUH ce30H. OTMEYCHBI
CTaTHCTUYECKH 3HAYMMBbIe TeHIeHITuU yMeHblenus Ex CT B urone (ipu V, = 20
Mm/c u V,,= 30 M/c) u B aBrycte (ipu V,, = 20 m/c). B nmpyrue ce30HbI OIICHKH
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TPEHI0B MOJyUYEHbl CTATUCTUYECKHU HE3HAYUMBIMU (1 pa3Horo 3Haka). CormiacHo
JlaHHBIM peaHanu3a JRA-55, craructuuecku 3Ha4YUMble TEHICEHLIUN YMEHbILIEHUS
Ex CT Ttaxke ObLIM BBIABICHBI TOJBKO IS JIETHEIO Ce€30HAa. B wyactHOCTH,
JOTIONTHUTENHHO K YIIOMSIHYTHIM MecsiiaM, yMeHbineHne Ex CT Obuto momydeHo
B UIOHE MIPU BCEX PacCMaTPUBAEMBbIX 3HAYCHUH V.

a) Ex CT v Bcero Cl aHBapb 5) Ex CT n Bcero CI nione
Vi = 20 M/c — Vm =20mM/C
801 — V,=30wm/ 20 — V, =30M/c
— Vi =40 mM/c — Vm =40 mM/C
- 604 cn .15 — Cn
z z
X X
mq 40 ,,q 10
o o
— —
204 5
01 0
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
°c.w °c.uw
Pucynok 4 — IllupoTHble 3aBUCHUMOCTH KHHETHYECKOHM DHHEPIUU JJIs

armocdepbl CeBepHoro mnonymapuss ¥ KuHeTudeckod sHeprun CT mpu
pa3HbIX V), Ha IpuMepe ssHBaps (a) U uions (6) B cpenHeM i nepuoaa 1980—
2021 rr.

Hapsiny c¢ anammsom TpeHmoB s xapaktepuctuk CT B armocdepe
CeBepHOTO MoNymapusi poBejieH aHainu3 cBa3u peskuMoB CT ¢ apneHus MU DIib-
HunbOo, ¢ KOTOpBIME CBSI3aHBI CHIIBHEHIIIAE MEKTOIOBEIC BApHAIINU TII00aTHHON
MIPUITOBEPXHOCTHON Temmneparypbl. HaumOonee BbIcOKHe KOIDDOUIUCHTHI
koppemsituu cpenHemecssyHbix 3HadeHuil Ex CT CII u ungexco Onb-HuHbo —
Nino 3, Nino 4 u Nino 3.4 (npu BcexX 3HaYCHUSIX V), CTATUCTUYECKH 3HAYUMBIC
Ha ypoBHE 95%, OTMEUEHBI ¢ STHBaps IO anpelb.

COOTBETCTBYIOIIME OIEHKH JONK OOIMeH KWHETHYECKOH DHEPruu
armocepsr  CeBepHoro momymapusi, ceszaHHoii co CT (Pz CT CII)
npexacrasieHbl B pazgene 3.2. Cpennece3onnble 3HaueHus Pre CT mpu pa3HbIxX
3HaYeHUSIX V), MakCUMalbHBl 3MMOHW W MHUHUMAaJbHBI JieToM. Haumbompmias
MEXTroJIoBasi U3MEHUMBOCTh, xapakrepuzyemas CKO, xapakTepHa B epexoHble
ce3onbl. Onenku TpeHaoB Pr CT CII ans pa3Hbix Mecsiies 3a nepuoa ¢ 1980 mo
2021 rT. IEMOHCTPUPYIOT HanOojee 3HAYMMEBIC TCHICHIMU JIeTOM. [lomydeHb
CTaTUCTHYECKU 3HAYUMBIC TeHAeHINN yMeHbIneHus Pr, CT nipu V,, = 20 M/c BO
Bce JIeTHHE Mecslbl U npu V, = 30 M/c B utoie. B mpyrue ce3oHbl OLIEHKH
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TPEHIOB TONYYCHbI CTATUCTUYCCKH HE3HAYUMBIMU (M Pa3HOTO 3HAKa), 3a
HUCKIIFOYEHUEM CTaTUCTUYECKH 3HAYMMOIO MHoiokutenabHoro Ttpenaa Pg. CT B
okTsi6pe mpu V,, = 40 m/c. Peananu3 JRA-55 BBISBWI JOIOJHUTENBHBIE I10
cpaBHeHnto ¢ NCEP/NCAR craructudecky 3HaYlMbIe TPEHABI YMEHBIICHUS Pr«
CT. B netHuii ce30H OHU ObUTH TTONyYeHb! Jyis utonst (ipu V,,= 30 m/c u V,,= 40
M/c), a Takxe IUist utois mpu V= 40 m/c. Kpome Toro, oceHbro (B CeHTIOpe) ObLT
orMmedeH TpeHs ymenbmenus Pg. CT pu V, =20 m/c.

[IpuBomATCS TakXKe OLEHKH IOMH O0BeMa aTMOC(EpPHBIX CIIOCB B
obmactu CT B o0mieM aHanmzupyemMom citoe arMmocdepsl CeBepHOTO MOTYIIAPHSL:
500-100 rlla (Py CT CII) (pa3mea 3.3). Ilpu Bcex V), 3HaueHus Py CT
MaKCHMaJbHBl 3MMOH ¥ MHHHAMANBHBI JeTroM. [Ipu 3ToM HauOombIIas
mexronoBas uaMeHunBoctb Py CT CII mposiBiisieTcs B IEPEXOIHbIE CE30HBIL.
Hauboree 3raunMBble TEHACHITUH PEACTABICHHON XapaKTEPUCTHKH OTMEUCHBI B
JETHHE W 3UMHHE MecCsIbl. B TOM dnciie, momydeHbl CTaTUCTHYECKH 3HAYNMEIE
tenaeHu ymenoinenust Py CT B urone (npu V, = 30 m/c) u aBrycte (npu V, =
20 m/c u V,,= 30 m/c), a Takxke B nexadpe (mpu V= 20 m/c) u staBape (ipu V=
20 m/c u V,, = 30 m/c). B nepexonnbie ce30oHbI onenku TpeHnoB Py CT CII
MOTYYCHBI CTATUCTUICCKU HE3HAYMMBIMHE 1 pa3HOTO 3Haka. COITIacHO peaHannsy
JRA-55, craructuuecku 3Haunmble TeHjeHuuu ymeHblnenus Py CT Taxxke
BBISIBJICHBI TOJNBKO B JICTHUH U 3UMHUI Ce30HbI. B 3uMHME Mecslbl TpeH[b
cosmamaroT ¢ gaHHeEIMA NCEP/NCAR mo MecanaMm u 3HaueHHsIM V,,. Jletom
ymenbiienne Py CT vabmonaetcs B aBrycre npu V, =30 M/c u B urone mpu V,, =
40 m/c.

B pa3nene 3.4 npencraBieHbl KOJIMYECTBEHHBIE OIEHKH KMHETHYECKOM
SHEPTMH W TEHACHIMM H3MEHYMBOCTH BHeTpomuueckux CT B aTiaHTHKO-
eBpa3miickoM peruoHe. Jlms Kaxkmoro mecsma ¢ y4eToM OCOOEHHOCTEH
npoctpaHcTBeHHoro pacnpeaenenuss CT  (pasmen 1.4), mnpu  KoTOpoMm
uckimodatores n3 anaimmza CCT n CT, obpa3oBaBmmecss TOCHE CIMSHUS
CyOTpOIMYECKUX M MOJSIPHBIX CHCTEM HaJ BOCTOYHBIM mobepexnbeM CeBepHOi
AMepUKH, pacCUUTaHa MHTETpabHAS KMHETUYCCKAs SHEPTHS BHETPOITHUSCKUX
CT B atnanTuko-eBpasuiickoM peruone (Ex CTag) nmst nepuona 1980-2023 rr.
no ¢opmyne (1) Tompko mnst Vi, = 30 m/c. MakcuManbHOE CpeIHEMECSYHOE
3HaueHne Ex CTag IodydeHo B ssHBape, MUHUMaIbHOE — B Hione. Hanbombmmas
MEXTOJI0Basi U3MEHYMBOCTh, xapakrepusyeMas CKO, mposBisiercst B (eBpare,
HaMeHbIIass — B wroje. OICHKH JIMHEHHBIX TPEHIOB UIS Pa3HBIX MECSIICB

BBISIBIJIM Haubosee 3HauuMyro (Ha ypoBHE 95%) TeHneHnuio yBenuueHus Ex
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CTa-e B Mae. B ocranpHbie MecCs1bl OLICHKH TPEHIOB MOJIYYEHbI CTaTUCTUYECKH
HE3HAYNMBIMU (M PA3HOTO 3HAKA).

Jnsi  konmuuecTBEHHOW OLEeHKW crernenn wmeanapupoBanus CT
paccuWThIBaJaCh OIS ~ KWUHETHYECKOW  DHEPTUH,  COOTBETCTBYIOIIAs
MepUAHOHANIBbHOU cocTassironiel (Pg, CTag). s 3TOT0 JOMOTHUTENBHO K Ex
CTa-E pacCUMTHIBAIKMCH €€ COCTABIIAIOIINE VI U B V 110 (OopMyJIaMm:

k=100 Pi-1 ; Di+1) cos(g;) uiz,j‘k

T ymmm——t @

i,j k=500

k=100 (Pr-1 ; Pr+1) cos(p;) Uiz’]_’k

E”ZZ Z 2 ' )

i,j k=500

B JAaHHOM CJiydac 3Ha4CHUA ui_j_k u vi,j,k YUUTBIBAJIUCH JIsI TEX Y3JI0B, TC

/uizlj,k + Viz,j,k > 30 m/c.

Cpenuemecsansie 3HaueHus Pr, CTak (32 1980-2023 rr.) Bapbupyrorcs
ot 32% no 37%, nocturasg MakCUMyMa B MIOHE M MUHMMyMa B Hrojie (puc. 5).
Haubonpnias MeXromgoBasi I3MEHYHBOCTh HAOMIONACTCS B MIOHE, HAMMEHBIIIAs —
B okTs10pe. Onenku nuHEHHBIX TpeHI0B Pr, CT Ak 32 mepuon ¢ 1980 mo 2023 rr.
MOTYYCHBI CTATUCTHYECKN HE3HAYMMBIMH (W Pa3HOTO 3HAKA).

B  kauectBe  gomonHuTenpHOM ~— omeHku — u3Buwiaucroctu  CT
paccuuThiBajiach 101 BpeMeHH (FP;), Korma MepuIHOHANbHAs COCTaBISIONIAs
KHHETHUYSCKON Hepruu (E,) mpeBbimana 30HaIbHYI0 (E£,) B KaXKIOM MeECSIe
paccmarpuBaemoro mnepuoaa (1980-2023 rr.). MakcumanbHOe 3HadeHue P,
MOTYYCHO TSI MIOHS, MUHUMAITBHOE — JJIs1 OKTSOps (puc. 6). ONeHKH THHEHHBIX
TpeHa0B P; 3a nepuon ¢ 1980 mo 2023 rr. Take HE BBIABWIM CTATUCTHYECKU
3HAYUMBIX TPEHIOB (IIPEACTABICHHBIX PA3HBIMU 3HAKaMU). AHAIN3 [TApaMeTPOB
moKasall, 4ro Hambojee MeaHApupoBaHHbIe BHeTpormueckne CT amiaHTHKO-
€Bpa3UUCKOr0 peruoHa XapaKTepHBI JJISl MIOHS. DTOT BBIBOJ COIVIaCyeTCs C
pesynsraramu B padore [lypuesa n Uxernann, 2021] (n manHbIME paznena 2.5),
rae nokasano, yto [IBO3 B aTiaHTHKO-€Bpa3UIICKOM CEKTOPE AEMOHCTPHUPYET
HanOoJee HEOJHOPOIHOE paclpeelieHne, XapakTepu3yomeecs HanOOIbITUMH
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MEPUINMOHAIBHBIMU OTKJIIOHEHUSIMU OTHOCUTENIBHO KIMMAaTHYECKOTO TOJIOKEHUS
B HIOHE, 0CO0EeHHO Haj akBaropuell CeBepHOH ATIaHTHKH.
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Pucynok 5 — Cpennemecsaunsie 3HadeHust Pr, CTa.gu CKO ana nepuona 1980—
2023 rr. mo JaHHBIM peananuza JRA-55.
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Pucynok 6 — 3nadenus napamerpa P, quist nepuoaa 1980-2023 rr. no naHHbIM
peananuza JRA-55.

B pasgene 3.5 aHanu3upyroTCs CpeJHEMECSIUHbIE IHUPOTHO-A0ITOTHBIE
nonoxkeHusi [IBD@3 CepepHoro momymapus 3a mepuon 1990-2023 rr. [Jns
Ka)XXJIOT0 Mecsia ObuTh paccunTadbl oTKIoHeHus [IBD3 B rpamycax mIMpOTHI
OTHOCHUTENIBHO €€ KJIMMAaTH4eCKOro MOJOXKEHUS, MPEICTaBICHHOIO 3a MEepuoi
1961-1990 rr. OceBoe mnonoxenue [IBD3 onpenensnock mo XapakTepHOM
M30THIICE Ha ypoBHE M300apuueckoit mosepxuoctu 500 rlla B cooTBeTCTBHH C
MeToioM, npeanoxenHbiM FO.b. XpabposiMm [ Xpabpos, 1957]. HecMotps Ha TO,
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YTO JaHHBIA MeTo[ ObLT pa3paboTaH B cepenuHe XX Beka, OH JEMOHCTPUPYET
MIPUHIMIINAIBHOE CXOJCTBO C COBPEMEHHBIMU IIOAXOAAMH K HCCIEIOBAHUIO
MEaHAPUPOBAHUS TPOMOCHEPHBIX IUIAHETAPHBIX BOJH, IIPEICTaBICHHBIMU,
Harpumep, B paborax Barnes, 2013; Screen and Simmonds, 2013; Di Capua and
Coumou, 2016. Ha pucynke 7 no nanusimM peanainn3zoB NCEP/NCAR u JRA-55
st cunontuueckoro cpoka 00 UTC 7 nmekabpst 2020 r. moka3zaHO IIUPOTHO-
nonrotHoe nonoxenue [IBAO3 u snep CT CeBepHoro nmonyuapus, Ha KOTOPOM
xopoluo npeacrasiaeHa cBsa3b [IBO3 ymepennsix mumpot ¢ noaspasiMu CT.

2020-12-07T00:00 UTC 2020-12-07T00:00 UTC

ll) 1807 6) 180°

120°3.4.

60°3.40.

0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100
m/c mfc

Pucynok 7 — llIupotHo-nonrotHoe nonoxkenue saep CT (cuHue myHKTUPHBIE
auHUM) U nojoxenne [IBO3 (uepHple TMHUM) 1O 3HAUYCHHUIO XapaKTEPHOH
m3oruricel JanubIX peananu3a NCEP/NCAR (a) u JRA-55 (6) B cpok 00 UTC
7 nexabps 2020 . 3anMBKOM MpecTaBIeHa CPpeJHsIA CKOPOCTh BeTpa ciost 500-
100 rlla.

Heonnoponnocts pacrnpeneneHus TIB®3 OTHOCHUTEIIHHO
KIIMMAaTHIeCKOW HOPMBI HAOIIOMACTCSI BO BCE MECSIBI, ONHAKO €€ CTCICHb
BapbUpYyeTCsl B 3aBUCUMOCTH OT perunoHa CeBepHoro moyiiapus (puc. 8). Jns
BBISIBIICHHSI O0JIacTeld ¢ HauOOJNBINCH MPOCTPAHCTBEHHON HEYCTOHYHUBOCTHIO
[NIB®3 6bu1r paccuuTaHbl CPeTHEB3BEIICHHBIC OTKIOHCHUS OT KIMMATUIECKOM
HOPMBI Ha K&XI0H TonroTe (¢ marom 5°) 3a BeCh paccMarpuBaeMblii iepuoa. Ha
OCHOBE aHanm3a 3TuX NaHHbIX CeBepHOE Moymaprue OBUIO pa3feliecHo Ha TPH
CEKTOpa, XapakTepu3yIoIMxcs  Haubonblledl  m3MeHUnBOCThIO [IBD3:
aTNIaHTUKO-eBpasuiickuit (55° 3.1. - 85° B.1.), TUXOOKeaHO-aMepuKaHCKui (145°
B.J. - 55° 3.11.) m BocTOUHOEBpasuiickuii (85—145° B.1.). [lokazano, uto Hauboee
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TUIMYHBIMU SIBJITIOTCST HEOONbIIME MepHIUOHANbHBIE KoeOanus [IBD3 (B
mpenenax 2° IMMHUPOTHI) OTHOCUTEIEHO HOPMBL BBIABICHa acHMMeETpHs
MEPHUIUOHATBHBIX CMEIICHUN: BETMIUHBI MAKCUMAIBHBIX OTKIoOHeHHH [IBD3
ceBepy. AHanmm3 cpemHeKBaaparuieckux orkioneHuit [IBD3 orHOCcHTENBEHO
HOpMBI Haj BceM CeBepHbIM momyimapuem 3a nepuod ¢ 1990 mo 2023 rr. mo
nmaHHbM aByX peaHann3oB (NCEP/NCAR u JRA-55) BBIIBIII CTaTHCTUYECKH
3HAYMMBIH (Ha ypoBHE 95%) TpeHI K YCHIICHNIO MEPUINOHAIBHBIX OTKJIOHEHUH
[IB®3 B nerHuii ce3oH. B THXOOKeaHCKO-aMEPUKAHCKOM CEKTOpE 3HAYMMble
YBEJIIMYCHUST MEPUIMOHAIBHBIX OTKJIOHEHHH OTMEUYEHBI TAKKE€ B BECCHHUH M
OCCHHHUI CE30HBI.

DNexabpb

Pucynok 8 — Cpennemecsunbie pacnpenenenus [I1BD3 3a nepuon ¢ 1990 no
2023 r. CuHUM IIBETOM BBIACICHBI KIMMaTHueckue mnoyioxkeHus I1B®3 misa
nepuoaa 1961-1990 rr.
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JIOTIOMHUTEPHO MPHUBOAWUTCS CPaBHEHHE JIBYX  KIMMATHYCCKHX
repuonoB. Jlo HeZaBHEr0 BPEeMEHH KIMMATHYecKas HOpPMa, OCPEIHECHHAS IS
neproga 1961-1990 rr., Obula eAWHCTBEHHAas OQHUIMAIBHO HCIIOIb3yeMas
HOpMa. B HacTosmiee Bpemsi yTBEpXKIACHAa M MpPHUMEHICTCS HOBas HOpMa,
paccuutanHas s nepuoga 1991-2020 rr. AHOMaNuU TE€ONOTEHIUATBHOU
BBICOTBI PACHpEIeICHbl HEOTHOPOAHO Haj BceM CEBEpHBIM MOIYIIAPHEM B
kaxgoM Mecsime. Hax Oompmiedt Teppuropmert CeBepHOro momymapus (B
YaCTHOCTH, B OKBaTOPHUANBHBIX W TPOIHMYECKUX IIUPOTAX) OTMEYACTCS
YBEJIMYEHNE TeONMOTEHIIMANBHON BhICOTHI B nepuon 1991-2020 rr. [Ipu sTom B
YMEPEHHBIX U BBICOKHX IIUPOTAX BBIACISAIOTCS JIOKAJIbHBIE 00JIaCTU MOHUKEHUS
TeOMOTCHIIAANA.

LnaBa 4 MOCBSIIIICHA 0COOCHHOCTSIM TIPOCTPAHCTBEHHOIO
pacupenenenus CT B aTIaHTHKO-eBPa3HIICKOM pErHOHE, HAOIONaeMBbIM TIPH
MUHOPHOM BHE3AITHOM  CTparoc()epHOM IMOTEIUICHWH, a TaKXke [pHu
YCTAHOBJICHUH JICTHUX OJIOKUPYIOUINX aHTUIIUKJIOHOB.

N3MeHYInBOCTh MPOCTPAHCTBEHHOTO MONOXKEHUST U mHTeHCHBHOCTH CT
o0ycJIOBJIeHA KaK BHYTPCHHUMH JHHAMHYECKHMH IIPOIIECCaMU aTMOCQephI
(meATeNbHOCTEI0O TOABIDKHBIX BHUXpEH CHHONTHYECKOTO Macimitaba), Tak H
BHEIIHUMH  BO3ICHCTBHAMHU  (HampuMep, AaHOMAJIUSIMH  TEMIIepaTypbl
MIOBEPXHOCTH OKeaHa). BbICOKMe KOPPEISIIMOHHBIC CBSI3U OTMEYAIOTCS MEXIY
uanekcamu  CeBepoamtantuueckoro  koiebanmst (CAK), Apkrudeckoii
ocuwsauuu - (AO), Bocrouno-Atnantuueckoro konebanusa (BAK) wu
xapaxrepuctukamu CT B peruone CesepHoit Atnantuku [Hall et al., 2015; Ma
et al. 2020; Woollings et al., 2010]. B yacTHOCTH, TIpH MOJIOKUTENBHOU (pase
CAK oTMeuaeTcst CpaBHUTEIBHOE YBEIHUCHIE HHTCHCUBHOCTH U cMetienue CT
B HampaBleHHU nomoca. B cBoro odepens mumekcsl CAK, ompenernsomniie
MepuarnoHabHbIe KoJieOanus CT, momBep)KEHBI BIUSHHIO CTPATOC(EpHOrO
MOJIAPHOTO BHUXPs, coObITHI Onb-HuHb0 1 Apyrux BHemHUX (akropos [Hall et
al., 2015; Kidston, et al., 2015; Scaife, 2005].

B pa3snesne 4.1 c wucnonb3oBaHMEeM JaHHBIX peaHanuza JRA-55
TIPUBOJISATCS 0COOCHHOCTHU MPOCTPAHCTBEHHOTO pacnpeneneHus
BHeTporimueckux CT B permone CeBepHOW ATIAHTHKH TIPU Pa3BUTHU
BHe3amHoro crparocdeproro morerrenus (BCID) 3mmoit 20142015 r
Hecmotpst Ha T0, uTo 310 BCII KN1accuduimpoBano kak MUHOPHOE, OHO 0Ka3aj10
3HAYUTEIILHOE BIMSHUE Ha TEMIICPATyPHBIA PEIKUM, IIUPKYIIALIUIO H XUMHYCCKUT

coctaB cpenHeir armocdepsl [Didenko et al., 2025; Manney et al., 2015].
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Hau6onemas nosropsiemocts CT mocie BCII ormeuanack B 0oiee FOXKHBIX
LIMPOTaXx, IO CPAaBHEHHUIO C IepHoaoM a0 peructpupyemoro BCII, Ha Gosbreit
yactu peruoHa CeepHoil AtnanTukud (puc. 9). bBbUlo MOKa3aHo, 4YTO
HanbomnpImye n3MeHeHns moBropsieMoctu CT cBS3aHBI CO CMEIIEHHEM BEICOTHOM
(hpoHTaNBEHON 30HBI B HANpPABJICHUM 3KBATOpa, YTO B CBOIO OYEPEIb BHI3BAHO
yOIyOJIEeHUEeM BBICOTHBIX JIOKOWH TPU BTOPIKEHUH XOJIOJHOTO CcTpaTochepHoro
BO3/IyXa B BEPXHHUE CIIOU TPOTOCHEpEL.

Pucynoxk 9 — PasHoctu wMexay mnosropseMmocTsiMu CT u momsamu
reornoTeHIHalbHON BbICOThI ToBepXHOCTH 250 rlla B TeueHue ogHOro Mecsiua
mo u mocne BCII (momoxuTenbHBIE 3HAYCHUS COOTBETCTBYIOT pPOCTY
IIOBTOPSIEMOCTH ¥ 3HAUEHU TeonoTeHnana B nepuox nocie BCIT).

B paspene 4.2 uccnenosansl xapaktepucTuku JetHuX CT B mepuonsl
(hopmupoBaHusl ONOKUPYIOIIMX AHTHINWKIOHOB B aTIaHTHUKO-EBPAa3HHCKOM
perruoHe. AHaNW3 BBITIONHEH C HMCIONB30BAHUEM JaHHBIX YUCICHHOW MOJIENN
WRF-ARW [Skamarock et al., 2008] mis 1Byx ciaydyaeB OJOKHPOBaHHUS — HaJl
EYP B urone 2010 r. u CkanauHaBckuM m-oBoM B wutonie 2018 1 Jlathr
YCTAQHOBIEHHUS M pacmaja, a TaKkkKe HPOAOIDKUTENIBHOCTH OJIOKMHTOB OBUIH
onpezaenensl o AaHHbpIM peaHanm3za NCEP/NCAR c¢ npuMmeHeHueM MeTofa,
npemtoxeHHoro B [Davini et al., 2012]. [lokazaHbl pa3nu4ust B pacrpeneieHIH
BBICOTHBIX Oapuueckux o0Opa3oBaHUM W B OCOOEHHOCTAX OOpyIIeHUs
IUIAHETaPHBIX BOJIH, MIPEALIECTBYIOIINX YCTaHOBICHUIO OJ0KuHra. B none 2010
I. HaOmoanochk CUIIbHO MeaHapupoBaHHoe nHTeHcuBHOe CT Haj akBaropueit
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CeBepHOl ATnaHTHKU ¢ porieccoM oopyienust Boad Hax EYP (puc. 10a), Torna
kak B mione 2018 1 3aduxcupoBaHo mnomsapHoe cmemienne CT ¢
AHTUIMKJIOHAJILHBIM ONPOKUbIBaHHEM BOJIH Hajx CkannuHaBuel (puc. 100).

CpaBHEHHE BEpPTHUKAIBHBIX MPO(dIIIeii CKOPOCTH BETpa M TEMIIEPaTyphl
BO3[yXa MO MOJAEIBbHBIM M a’pOJOTMYECKMM AaHHBIM IPOJEMOHCTPHUpOBAa
cnocobHocth Momenmu WRF-ARW Hambonee anekBaTHO BOCIIPOWU3BOIUTH
BbIcoTy pacmonoxeHust sapa CT (puc. 11). OmmOkn B BOCTPOU3BEICHUU
CKOPOCTH BETpa MOTYT OBITH CBSI3aHBI C MOJSIMU Ha4albHBIX TAHHBIX, a TAKKE C
HETIONTHBIM  COOTBETCTBHEM TIeorpa)uuecKux KOOPIUHAT —adpOJOTMIECKUX
CTAHIMH U CETOYHBIX Y3JI0B MOJEIIH.

a) 12 UTC 17 wioHs 2010 T

30 40 50 60 70 80 90 30 40 50 60 70 80 90
mfc Mfc

Pucynok 10 — CT B none Berpa no gaHHeiM Moaenu WRF-ARW Ha ypoBHe
noBepxHoctu 250 tlla: poct Bomael u mHTeHcHBHOe CT Ha mnepudepun
BBICOTHOTO TpeOHs (a); pa3BUTHE BBICOTHOTO TpebHs u cmemenne CT B
HampaBICHUU TMONM0ca B  Iepuon (opMmupoBanus OJOKHHTa  HaX
CKaHIMHABCKUM TI-OBOM (6).

B 3ak/1104eHNH TIpUBEICHBI OCHOBHBIC PE3yIbTaThl pa0OTHL:

1. AHanu3  IIMPOTHO-AONTOTHBIX M [IMPOTHO-BBICOTHBIX
pacnpenenenuii nosTopsiemoctu sinep CT B aTiaHTHKO-EBPa3HICKOM PETHOHE,
BBINIOJIHEHHBI Ha OCHOBE JaHHBIX peaHanu3a 3a nepuox 1980-2023 rr,
TTO3BOJIMJI YCTAaHOBUTH OIHOPOMHEIN XapaKTep MX pacHpeneicHus ¢ HOsIOps 1mo
anpenb (XOJOAHBIA TEpUO) M C HIOHA M0 CEHTAOph (TeIUiblid Tepuon) c
MIEPEXOTHBIMU PEXKUMAMH B Mae U OKTAOpe.

2. Haubonee 3HaUNMbIe H3MEHCHHS HHTETPATBHBIX XapaKTePUCTUK
CT CesepHoro nosnyiiapus 1o JaHHBIM NoJieil peaHanu3a 3a nepuoj 1980-2021
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IT. OTMEYEHBI JJI51 JIETHETO Ce30Ha, BKITIOYast: TPEH B! OCTIa0JIeHNs KHHETHYEeCKOM
saeprun CT; yMeHbIIeHHe A0mu oOmIell KMHETHYeCKOW SHEpruH arMocdepsl
CeBepHoro mnonymapus, cBs3aHHod co CT; cokpamienue moau  obbema
arMoc¢epHbIX croeB B obmactu CT B 001eM aHaTU3UPyEMOM CII0€ aTMOC(HEpEI.
B 3uMHUHIl ce30H BBIIBICHO TONBKO 3HAUMMOE YMEHBIIEHHE NOMH o0beMa
arMocgepHbIX cioeB B oomactu CT.

04018 BIKF Keflavikurflugvollur 6 04018 BIKF Keflavikurflugvollur
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Pucynok 11 — BepTukanbHble poQIiIn: CKOPOCTh BeTpa (a) U TemIeparypa
BO31yXa (6) MO MOAETBHBIM W a’pPOJIOTUYECKHUM JIaHHBIM Ha CTaHIUH B
aspomopty Kedmasuk (Ucnanus) B cpok 12 UTC 17 utons 2010 .

3. IIpuMeHeHre MeTOna KOJIMYECTBEHHOM OLIEHKM MHTErpasbHOU
KUHEeTHU4YecKo »HHepruu BHeTponuueckux CT B aTiaHTHKO-eBpa3UiCKOM
pETHOHE MOKa3aJI0, YTO B OOJBIIMHCTBE MECALEB (32 MCKIIOYCHUEM Masl, I
KOTOPOTO OTMEUEH CTAaTHUCTUYECKH 3HAYMMBIA Ha ypoBHEe 95% pocrt) He
HaOIromaeTcs JOCTOBEPHBIX M3MEHEHHH 3TOro mapaMeTpa B IOCJIEIHHE
necarunetus (1980-2023 rr). AHanu3 MeXrogoBOoH HW3MEHYMBOCTH JIOJIU
KMHETHYECKON AHEPTUHU, COOTBETCTBYIOIEH MEPUAHOHAIBLHON COCTaBISIIOILEH,
TaK)Ke HE BBISIBUJ 3HAUMMBIX TPEHJIOB, YTO CBUJETEILCTBYET 00 OTCYTCTBUHU
YCTOMYMBOW TEHAECHIUH K YCUICHHIO MeaHApUpoBaHus WiH 30HaNbHOCTH CT B
peruose.

4. Ha ocHoBe pjaHHBIX peaHasM3a MOJNY4YeHBl OCOOEHHOCTH
HIMPOTHO-I0JIFOTHOTO pacHpejesleHusl cpelHeMecsuHbIX nosoxenuid IIBD3
CesepHoro nonymapust 3a nepuoa 1990-2023 rT. U BBIIOJHEHBI OLUEHKU HUX
OTKJIOHEHUH (B Tpagycax MIMPOTHI) OTHOCUTEIHHO KIMMATHYECKOW HOPMBEL,
npencraBieHHord 3a mepuoj 1961-1990 rr. beuio mokazaHo, uTo HauOolee
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TUIUYHBIMA SIBIITIOTCSI HEOOMNbIIME MEpHIUOHANbHBIe KoyeOanus [IBD3 (B
npenenax 2° IMUPOTHI) OTHOCHTENHHO HOPMEL. MakCHMalbHBIE IIHPOTHBIE
ynanenust [IBD3 xapakTepHbl IS SIH30[0B aTMOC(EPHOTO OJIOKUPOBaHUs, C
KOTOPbIMU  CBSI3aHbl  3HAuUMTENbHBIE IIOTOAHbIE aHOMaluW. BrisgBieHa
ACUMMETPHST ~MEPUIUOHAIBHBIX CMELICHHWH: BEIMYMHBI MaKCHUMaJbHBIX
otkinoHeHuil [IBD3 k cesepy.

5. AHanmm3 cpeTHEKBaJpPaTHUECKUX OTKJIOHEHWH () OTKIOHEHHH
[IB®3 nax Bcem CeBepHbM mnomymapuu 3a nepuox c¢ 1990 mo 2023 rr
OTHOCHUTEJIPHO KiIMMaTruecko HOpMbI (1961—1990 IT.) BBISIBUII CTATUCTHYSCKH
3HAYUMBIN (Ha ypoBHE 95%) TpEeH K YCUICHUIO MEPUANOHAIBHBIX OTKJIOHEHUI
[IB®3 B nerHuil ce3oH. B THXOOKeaHO-aMEPUKAHCKOM CEKTOpE 3HaYMMble
YBEJIMYEHUS MEPUAUOHAIbHBIX OTKJIOHEHUM OTMEYEHbl TaK)K€ B BECEHHUH U
OCEHHMI CE30HBI.
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