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ATMOCOEPHAA PAAVAILIVA, OIITUYECKAA ITIOTOAA N KIIMMAT
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OnpoxugpiBanue BoH Poccou B crparocdepe.
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IIpouecchl paspymienus (ONPOKUAbIBaHNs) MIaHeTapHbIX BoJaH Pocc6u (OBP) BHOCAT 3HAUUTENBHYIO M3MEH-
YUBOCTh B cTparocepHyio mupkyasanuio. Mcmoab3ysa meron uaentudukammu OBP, agantupoBaHHBIN K yCJIOBUSIM
IUPKYIANUN B cTpaTocdepe, aHAMISUPYIOTCS KIUMATONOTHS H JOJToBpeMeHHas m3MeHunBocTh OBP B cpemneil
crparocepe. B ocHOBe MeToga JIeKUT aHAIM3 TeOMETPUM KOHTYPOB IMOTeHIMasbHON 3aBuxpenHoctu (PV — po-
tential vorticity) ma yposme 850 K mo gamueiM ERAS miaa auamasona sasuxpennoctu 0—400 PVU (exuHuibn
PV), BbljIeJIeHHOTO Ha OCHOBaHWHU KjuMatoJoruu moJs PV. ITokasano, yuto OBP uMeer BHYTPUCE30HHbBIE 0COGEH-
HocTH. Hambosiee yacTo BOJIHBI pa3pyliaioTcsl B ceBepHbIX vacTsaX Bocrtounoii A3unm u Tuxoro okeaHa ¢ oKTsAOpS
o JiekaGpb, a TakKe B alpese ¥ MapTe; B siHBape u (peBpase He BbISIBJEHO obsacreil ¢ npeobajiaHueM IIPOLeccoB
OBP. MbI NOJIyYn/In CTATHCTHYECKN 3HaYnMoe yBeqnderue koindecrBa OBP B Hauase 3umbl (OKTAGPb—aeKaGpb)
u B KoHie (Mapr—anpens). [lus cepeaunbl 3uMbl (aHBapb—deBpaib) GbUIN TOJyUeHbl He3HAUMMBbIE OTPUIIATEb-
Hble TpeH/bl. Pe3ynbTaThl HacTOsmell paGoThl MOTYT OBITh HCIOJIb30BAHbI IIPU aHAJIN3€ JOJTOBPEMEHHON H3MeHYH-
BOCTH cTpaTocgepHOil IUPKYJSAIUN, B TOM YHCJe BO3HUKHOBEHUS CTPAaTOC(epHBIX aHOMAIUMN, MPEIIecTBYIOMNX
BHE3AITHBIM CTPATOC(EPHBIM TIOTEILTEHIIM.

Katouesvie crosa: paspyuienne (ONpoKubIBaHNE) IUIAHETAPHBIX BOJIH, crpaTocdepa, crpaTocdepHbrii mo-
JITPHBIN BUXPb, BHe3alHble cTpaToc(epHble MOTeIIe s, OTeHI[MalbHas 3aBUXPEHHOCTh, KOHTYPbI PABHOW MOTEH-
uaTbHOIl 3aBuxpeHHocTH; planetary wave disruption, stratosphere, stratospheric polar vortex, sudden strato-

spheric warming, potential vorticity, contours of potential vorticity.

Beegenue

Hupkyanus BO3AYIIHBIX MacC B 3UMHeN CTparo-
cepe onpeziensgerca cTpaTocepHbIM MOJSIPHBIM BUX-
pem (CIIB) U CHJIbHBIM 3allaJIHBIM [E€PEHOCOM 3THX
Macc [1], KOTOpBIii CHOCOOCTBYeT BePTUKAIHHOMY
PaCIpOCTPAHEHUIO TIAHETAPHBIX KBA3UCTAI[HOHAPHBIX
BoJiH Pocc6u [2]. TIpu onpokuabiBanuu (pa3pyrieHnn)
9TU BOJIHBI MOTYT HPUBO/JHUTH K 3HAYUTEJSHHON M3MeH-
YIBOCTU CTPYKTYPBI MOJSApHOIT cTpaTocdeps! [1, 3, 4].
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¢ HanmboJiee 3HAUYNTEIbHBIMU HAPYIIEHUSIMH I0JIOKE-
HUug u usMeHenusamu tiomaan CIIB u 6bicTphiMu TIO-
TEIUIEHUSIMU CTpaTocdepbl, U3BECTHBIMU KaK BHe3all-
uble crparocdepubie noremnenus (BCIT) (o630pHbie
pa6ortsr [5, 6]).

OaHUM M3 HMIHPOKO HUCIIOJIb3YEMBIX METOJOB aHa-
Ju3a cTpaTocdepHoil AMHAMUKU B TePMUHAX BOJHOBBIX
[IPOLIECCOB  ABJIIeTCS MeTOZA, ocHoBaHHbIE Ha Dypbe-
aHaIM3e TeONOTEeHINAIbHOH BBICOTBI B/OJb MapasLIesn
60° c.mm1. u pacdete aMiIuTyA u ¢da3 [IB ¢ 3oHaIBHBIME
ypcmamu 1 (cMmemenue Buxps), 2 u 3 (paciierienune
Buxps) [7]. UsBectro, uto Manbie (minor) BCII 06bru-
HO TIpejiecTBYIOT TiaBHbiM (major) (uanpumep, [6]);
masisie BCII cBsa3anbr ¢ ycunenueMm IIB1 u npu atom
sHavenns [1B2 wmunumansasl [8—10]. B mpotecce
B3aumo/eiictBug [IB u mossipHoro Buxps mnocjegHuit
ocabeBaeT M ciedyiolliee yBequdeHne aMIATy bl [1B

415



npuBoaut K riaaBHbiM BCII. Kak ormedasoch B pa6o-
te [11], HAMMYNEe TTOATOTOBUTENBHOI (ha3bl, CBA3AHHOM
¢ Bo3HuKHOBeHueM Masibix BCII mepen rinaBHbIMU, SIB-
JisseTcsl HeOOXOJMMBIM, HO He [OCTaTOYHBIM YCJIOBUEM
Bo3HUKHOBeHI: TyaBHbIX BCII. Metog dypbe nocta-
TOYHO TIPOCT W IMHPOKO TPUMEHUM K WUCCJIEOBAHIIO
cTpatocdepHOil AMHAMUKH, OJHAKO OH 3HAYUTETHHO
CTJIQKMBAET M YIPOIIAET peajbHble IIPOIECCHI, MPOMC-
xondIe B crpatocdepe, U He YUUTHIBAET CE30HHBIE
oco6ennoctu aposiormu CIIB. B pa6ore [6] 6b110 TI0-
Ka3aHO, YTO TIapaMeTphl CTPaTOC(epHBIX MNOTeIIeHnit
JIEMOHCTPUPYIOT 3HAUUTEJIbHDIE MEKTO/IOBbIE BapUAIIIH,
4yTO He TpogBigercs B nunamuke [1B1 u I1B2 [12].

ObdeKTUBHBIIT WHCTPYMEHT U JUATHOCTUKHI
cTparochepHOil AMHAMUKN — aHAJIU3 TOJIell MOTeHI-
anbHOl 3aBuxpennoctu (PV). B 1983 r. B [3] 6bL10
MOKa3aHo, YTo wu3MeHeHus PV Xopolmo oTpaskaioT
BOJTHOBBIE W BUXpEBBIE B3aMMOJeilCTBUS TpH 06pyIie-
nun (ompoxugbiBanun) BoaH Pocc6u (OBP), mpuso-
JIATIe K TIepeMeNTnBaHnIo B cTpaTocdepe BO3IYTTHBIX
Macc ¢ Pa3JUIHOll 3aBUXPEHHOCTHIO. Kputepuamu, Ko-
TOpble TO3BOJIAIOT CPAaBHUBATH OOpYyIleHHe atMocdep-
HBIX M OKEaHHYeCKUX BOJH, SIBJISIOTCA HeoOpaTuMast
nedopmaisi U TiepeMelnBaHue MaTepPHATbHBIX KOH-
typoB (PV B ciyyae atMocdepbr). OnpokuabiBaHue
BomH Pocc6u — dacto HabuiogaeMoe sIBJeHUE U, BO3-
MOXXKHO, OJUH 13 HamboJsiee BaKHBIX JUHAMUYECKUX
TIPOIIECCOB, BJUSIIMUX Ha crpatocdepy B meroMm [3].
ABTOpBI paboThl [3] cpaBHUIN 061aCTh, OKPYSKAIONLYTO
CIIB, c 3oHoii mpumboa B oxkeane (surf zone)
(mpun. 1, puc. Al; https://disk.yandex.ru/d/
Mdxc9qy9g90vsw) [13]. 3ona npuGost — 310 06JIaCTD
MaJbIX TpaanmeHToB PV, QopMupylonascsa 3a cuer
KBa3UTOPH30HTATIBHOTO T€PEMENTNBAHIS, CBSI3aHHOTO C
ONIPOKN/IBIBAHIEM BOJIH. PaspylleHne BOJH B 30HE
mpubos, YCTOIUMBOe BO BpeMEHH, MOXKeT CO3[aBaThb
yeaoBuss  moarotoBku  (preconditioning), cmoco6et-
Bylomue Bo3HukHoBeHuo BCII.

[ToaroroBka x BCII, cBg3annag ¢ OBP, mpoucxo-
JIAT 32 CYET IBYX OCHOBHBIX IPOIECCOB: MOCTENEHHOTO
yMenbienuss 1omaaun CIIB m pacmupeHuss 30HBI
npubos [3]. Taxk, mporeccw, obycioBrennbie OBP,
MoryT cyulectBeHHO Hapymartb CIIB, cmemas ero 1o-
CTENIEHHO OT IOJII0CA, TIPU 3TOM ILIONIAAb BUXPS Mepe]
BCII pomkna mocTemeHHO coKpamaTbes. Masas 1wio-
maap CIIB crnoco6cTByeT Tak HasbIBaeMoMy 3(DdeKTy
doxycupoBkm, Korja KaxkAasd MOCTeAyoIas BoJHA
BO3MYIIaeT BCe MEHBINYI0 06JacTb BUXps. Pacrmpen-
Hast 06JacTh 30HBI MPHGOS MOKET [eficTBOBaTh Kak
oTpaskaresb, YTO JaeT BO3MOKHOCTb He TOJbKO (POKY-
CUPOBKH BOJIH Ha BBICOKHX IIMMPOTaX, HO U WX yCHJe-
Hust. TakuM 06pa3oM, BOJIHBI HEIIOCPEJCTBEHHO TIEepe]
BCII moryt um He uMeTh OOJBINOH aMIIATYIbI, HO
BcJIeACTBUe KOH(UTYpaIlMu BUXpPS, a Takxke o6JacTH
npubosi, ycunuBaTbesl U (oKycupoBarbesi. [[s1 cMeHbI
HaIpaBjieHUsT 0OpallleHus CPeIHETO0 30HAJIBHOTO BeTpa
C 3amaJIHOTO Ha BOCTOYHOE HEOOGXOIUMBI He TOJBKO
yCHUJIeHWe PACHpPOCTPaHEHUsT BOJH U3 Tporocdepsl
B crparocdepy, Ho u CIIB, Haxoxagmuiics B «IOJro-
TOBJIEHHOM COCTOSHUW», TO3BOJITIONINI (hOKYyCHPOBATDH
BOJTHBI B BBICOKHUX THpoTax [14].

BriepBble KJanMMaToJI0TUus OOPYIIEHUsT BOJH B CTPa-
tochepe ¢ 1964 mo 1982 r. Ha ocHOBe Teopwmil [3] 6bI-
Jia ipesictTaBieHa B pabore 1987 1. [14]. B Heil aBTOpBI
Tak)Ke MOATBepAWIN BBIBOABI [3] o ToM, uto BCII xa-
paKTepu3yeTcs MpeliecTBYIONINMI BCILJIECKAMU aKTHB-
Hoctu (yBejamueHmeM aMILIATYyAbI) IIB u 3aMeTHBIM
YMeHbBIIIEHNEM ILIONAN BUXPs, T.€. BCEM TJIABHBIM CO-
6prTsiM BCII mpepiectBoBasa <«HOATOTOBKAy. Kyiib-
MUHaIueil Takux COOBITHI YACTO SIBJISIETCSI CMelleHHe
UM paspylieHne MOJSPHOTO BUXPS, B 3TO BpeMs BO3-
IyX € HU3KOH IMOTEeHIINATHHOI 3aBUXPEHHOCTBIO HAaXO-
quTcs Hag momfocoM. B [14] 6bumm o6HapyskeHBI /1Be
obJacTi ¢ MakcUMyMoM oOpymienuii BoaH — Hag Ce-
BepHOiIl AMepukoil 1 EBponoii.

BaxHo, YTO TIpeBapuUTeNbHAs MOJATOTOBKA He Obl-
Jla TapaHTHeil Bo3HuKHOBeHuA riaBHoro BCII [14], Ho
Bceraa mpeamiectBoBasa riaBubiM BCII. Coriacho [14]
MOJITOTOBKA ¥ TOCJEAYIONHe BHE3aIlHble MOTeILIEHIS
BBITJISIIEI KaK OJHO HENpPepBIBHOE COOBITHE, €ecyn
paccMaTpuUBaTh €T0 € TOYKU 3peHus oOpYIIeHWsS BOJ-
Hpl. Hapacranme O6oJbIINX BHE3aMHBIX MOTeJIeHUIT
HAUYMHAETCS C BOBJIEUEHHS BO3AYIIHBIX MAacC ¢ HU3KUM
3HaueHneM PV B o6pylleHne BOJIHBI, 3aTeM BOBJEKa-
10Tcs 06JIaCTH  BO3JYIIHBIX Macc ¢ 6ojiee BBICOKUM
3HaueHneM PV 1o Mepe yMeHbIEHUs TLIOMIAN BUXPS.
Becb mpoliecc 06BIYHO [TUTCST MeHee IIEeCTH HeJesb.
MeskrozioBasi M3MEHYMBOCTb BHE3AIHBIX IOTETLICHHI
3HAYMTEJbHA, €CJIN paccMaTpuBaTh ee Ha Kaprax PV
Ha ypoBHe 850 K.

Mopdomnornueckn tpoteccs moarotoBku BCII,
BrJuiouaiotiie OBP, nedopmariio u asodtiorio CIIB,
CBsI3aHBI ¢ 06PA30BaHNEM aHTHIINKJIOHUIECKUX BUXpEii.
@opmupyonuecss Haa AjleyTCKUMH ocTpoBaMu U EB-
pOTIOll  AHTHIMKJIOHBI UMEIOT TEeHJEHIINIO aIBEKTHPO-
BaTh BO3/yX C BBICOKOIl 3aBUXPEHHOCTHIO K 3KBATOPY,
a 3areM Ha 3amaz (puc. A2; https://disk.yandex.ru/
d/Mdxc9qy9g90vsw). B Tpomnndeckoii obaactu 110-
JIIPHBII BO3JYX pa3pyliaeTcs B OCHOBHOM 3a CYeT JHa-
6arndeckux 3GbdeKToB. AJEYTCKUil aHTUIIMKIOH Yalile
cBa3piBaioT ¢ mpoiieccamun OBP u moarotoButebHBIM
araroM, a Takxke c¢ camuMm BCII. EBpomeiickuii anTu-
IUKJIOH MHOT/JA YYacTByeT B OJHOI WM 06euX CTau-
ax. Bouibliiiie moTelieHNsT BCeT/la CBI3aHBI CO CMellle-
HHEM BUXPS OT TOJIOCA, YTO XOPOIIO OIHCHIBAETCS
I1B1. MHorma BHUXpb pacCHIEIISIETCS U MOMKET OBbITh
npencrasier [IB2 B moJie reomoTeHIMATBHBIX BBICOT.

C my6iuKainuu [IByX OCHOBOIMOJAralomX —pa-
6ot [3, 14] mpomno 40 set, u Beuuciaenue PV mo Ha-
60IaTeTbHBIM JTaHHBIM YiKe JaBHO He Tpe/CTaBJseT
TaKUX CJOKHOCTell, kak paubire. [lostomy PV-anamus
ITIPOKO UCHOJb3yeTcs /Jid U3y4yeHUs AWHAMUKHI TpPo-
mmeccoB Kak B crpatocdepe [15—18], Tak u B Tpomo-
cepe ([19, 20] u 0630p B sTHX My6auKaiusax). PV-
aHaJM3 MO3BOJIII CYNIECTBEHHO PACIIUPHUTD IPECTaB-
JIeHusT 0 AWHAMUKe cTpartocdepbl, Kak W OBLIO TIpe.-
ckazaHo B [3]. Ilpeamosaras, 4To MakcHMaJbHBIE I'Da-
JIUEHTBI TIOJSIPHOTO BUXDSI HAXOJATCSA HA €ro KPOMKe
u npene6perast addexramMmu TpeHusT u AUAGATHKON, MbI
pUXoAuM K IpocTtoil Mozenu sBomonuu CIIB, koto-
pas MOKET ONpeeNAThbCs 3BOJIOINEN €ro KOHTYPOB,
paslesISTIoNINX pasJjnyHble 3HaveHust PV [4].
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WccnenoBanne oco6ennocreit OBP B cTpatocdepe
TTOMOTaeT CYTIECTBEHHO YJIYYIIUTh MOHUMAaHWE 3aKOHO-
MepHocTeii BosankHOBeHNA BCII. Kak mokasanm 6osee
nosguue paboter (Hampumep, [17]), mporecchl ompo-
KUJIBIBAHUS TIIAHETAPHBIX BOJH WMEIOT JIOBOJBHO
CJIOKHYIO TPEXMEPHYIO CTPYKTYDPY, a TaKyKe CBOH 0OCO-
6ennoctu B BepxHedt (1600 K ~40—50 kM) u HibKkHel
(400 K ~15—20 kM) ctpaTocdepe. ITO XOPOIIO BHIHO
IPH COBMECTHOM aHAJN3€e CPeJHE30HAIBHBIX CKOPO-
cTeil BeTpa u TeMnepatyp Ha ypoBusx 10 u 1 rlla [6].
I'pacdpuknu, mpuBenenusle B [21], oT4eTIMBO IeMOHCTpH-
PYIOT CIydam «BepXHUX» U «HIDKHUX» co6bituit BCII.

Ilenrs paboTbl — WccieqoBaHUE [OJITOBPEMEHHOM
usmenunBoctu OBP, 3a nepuog 1979—2022 rr., Ha ypos-
e 850 K max CeBepubiM mosymiapreM. CoTJacHO OII-
penesennio BCII, mpuBenennomy B [6], qunamuka PV
Ha 3TOM ypOBHE TeCHO CBg3aHa ¢ Bo3HUKHOBeHHeM BCII.

MaTepl/IaJIbI H METO/Ibl

Hoenmudpurxauuss OBP

B ocHoBe Halero moaxoja JeXUT MeTOM, Mpel-
Jo:KeHHbII B ctathe [19]. B cBoio ouepennb, aToT MeTO
OCHOBaH Ha aHaJIM3e reoMeTpun KOoHTypoB PV (uszom-
HUil PV I pasJn4HBIX yPOBHeN), MOKa3bIBaIOIIEM,
ecTb Jn I KOHTYpa PV Npu3HaKN ONPOKUIbIBAHUS
BotHbl [19, puc. 1], a Takke ompeleseHUH IIEHTPOB
o6acTeill OMPOKUIBIBAHUS U JajbHelieil KiacTepmsa-
uu 06HAPYKEHHBIX 1IEHTPOB:

90° 3. 1.

90° 3. 1.

U a oy 7Y

90° B.11.

PV = g2, + ), (1)
ap
Tle g — TpPaBUTAIMOHHAS TIOCTOSHHAS; 0 — TIOTEHIHN-
aJbHAs TeMIleparypa; p — [aBieHHe; {3 — OTHOCHU-
TesJbHAS 3aBUXPEHHOCTD, MNepIeHINKYIIpHAs MOBepX-
HOCTSIM TIOTEHI[HAJIBHOII TeMIeparypsl; [ — mapamerp
Kopuomnuca. PV usmepsieTcsl B eIMHHUIIAX MOTEHIIUATD-
Holt 3aBuxpentnoctu (PVU).

BoiGop mapaMeTpoB KJacTepH3alliil OCHOBAH Ha
Mo/IXo/1e, KOTOPbIil mpuMeHsics B [19] u 61130k K 3uM-
HUM VYCJOBHSM IUPKyJsanuu B Tpomocdepe. B pe-
3yJibTaTe KJIACTEPU3AIMU BBIJESIOTCSI PETHOHbI, Hal-
6oJiee 3HAYNMbIE C TOYKH 3PEHUS MOBTOPSIEMOCTH OII-
pokuabBaHmii BosH. OG6JacTH, B KOTOPBIX IIEHTPHI
OTIPOKU/IBIBAHIS (DUKCHPOBANUCH PEIKO, He paccMaT-
puBasuch. Ha ocHoBaHuu jganubix peananuza ECMWF
ERAS [22] miaa yposus 850 K (32 rlla) paccmorpe-
Hbl KOHTYpbl PV ot 0 g0 400 PVU c auckpeTHOCTbIO
20 PVU. Bpibop KOHTYpPOB OCHOBAH Ha JAHHBIX KJIH-
maromornn PV Ha yposme 850 K (https://disk.
yandex.ru/d/Mdxc9qy9g9Ovsw,/mean_contour). Ha
puc. 1 mpuBeJIeHBI MPUMePBI 0OHAPYKEHHDBIX 06JacTeit
OBP u ux 1eHTpOB.

B cBasum ¢ pasnmumuusMu  3UMHEH I[UPKYJISIIHN
B cTpatocdepe u Tpornocdepe anroputym [19] 6pu1 agarm-
THPOBAH K 0COGEHHOCTSIM cTPaToc(epHOil IMUPKYIAIIH.
OcHoBHast cyokHOCTh pa6otsl ¢ CIIB mo cpaBHEHHIO
¢ TpomocepHBIM TOJNSIPHBIM BHXPEM 3aKJII0YAETCS
B ToM, uro CIIB MoeT CylecTBEHHO OTKJIOHSTHCS

90° 3. 1. 90° 3. 1.

180°

A0" ¢,

20° o,

180°

40" c.mn

20°Cunt. 65’ *
’ N
90° B. 1. 90° B.1.

K 3

Puc. 1. Ilpumepsr neppuunabix OBP pnsg pasanunbix 3navenuit PVU. Cepoii 3aquBkoii moka3aHa 06JacTb OTPOKH/IbIBAIOIIENCS
BOJTHBI, YepHasl TOUKA MOKA3bIBAaeT IEHTP 06JacTH OMPOKHUIbIBaHUA (pacCINTaHHBIN KaK TeOMETPUUECKUH IeHTP MHOTOYTOJbHHUKA
06JacTu — cpejiHee MOJIOKeHIe Bcex Touek MHoroyroJbuuka) [19]: @ — 20.01.2009 (220 PVU); 6 — 20.01.2009 (220 PVU); ¢ —
18.01.2001 (220 PVU); 2z — 01.12.1987 (140 PVU); 0 — 06.12.2016 (120 PVU); e — 06.12.2016 (140 PVU); xx — 06.12.2016
(180 PVU); 3 — 06.12.2016 (200 PVU) (cM. uBeTHoit pucyHoK Ha caifite http://iao.ru/ru/content,/vol.37-2024/iss.05)
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OT TIOJIIOCA WJIM JKe PacHIeIIAThesd. «TpomocdepHbIii»
TOJIX0/ He TIpeAIoJaraj, 4To aHAJIM3MpyeMble KOHTY-
pbl PV MoryT cMecTuTbcsd OT IOJIIOCA HACTOJIBKO, YTO
TOYKa TIofoca 6yJeT HaXOAUTbCS BHE 3TUX KOHTYPOB.
Jlst Toro 4ToOBI B 3TUX CJYYasgX METO[[ IO3BOJILI YC-
MENTHO aHAJTM3UPOBATh TeOMETPHUI0 KOHTYDPOB, II€PBO-
HAYAJbHO MBI TIPOU3BEJH HHTEPIOJISINI0 K pPaBHOBe-
Jukoil mpoekunn JlamGepTa ¢ IIEHTPOM Ha TIOJIOCE,
YTOOBI TOJYYNTHh 3aMKHYTBIH KOHTYp 6e3 HMCKasKeHUS
IIpH Tlepexojie HyJIeBOTO MepHInaHa. 3aTeM Mbl aHAJN-
3MPOBAN KOHTYPBI € TOYKH 3pEeHNS HAJIMYNS B HUX
Touku moJoca (B caydae cuimbroro cmenteruss CIIB or
HOJI0Ca), Ha OCHOBAHUM 3ITOrO Jajiee BBICTPAUBAJICS
aHaTM3 TeoMeTpu: KoOHTYypoB. «llepempoenupoBanues
KOHTYPOB ¥ IIPOBEPKa TOMAJaHUs B HUX TOYKHU IIOJTIOCA
SIBJIIETCSI OCHOBHBIM OTJIMYHMEM IIpeJIaraeMoro JiJIs
cTpatocdepbl MOAXOA.

Eme omHa CJI0XHOCTD CBSI3aHA ¢ WHTepIpeTarmeit
reomerpunt popm OBP. B cBsA3u ¢ oco6eHHOCTAMU TIHP-
KyJAINN B cTpaTocdepe HAMOOIBIINI BKJIAT B IlepeMe-
IMMUBaHUEe BHOCAT ONPOKUILIBAHUS AHTUIHIKJIOHIYECKO-
ro Tuna. Hesb3s ckasaTh, 4To IUKJIOHHYECKUE (DOPMBI
HOJTHOCTBIO OTCYTCTBYIOT, O/IHAKO OHH JINGO HE BHOCST
BKJaJla B TepeMellnBaHue, JHOO SBIAIOTCS AedopMa-
Iuell aHTUIUKJIOHUYECKOTO THUMA [II1 BBICOKUX 3Hade-
Huit PV m3-3a oco6eHHOCTeNl IUPKYJSIUA B CTPATO-
chepe. KpoMme Toro, MpOTSKEHHOCTH OMPOKUIBIBAHUIL
B cTparocdepe 3HAUNTEIBHO BBINIE, YeM B Tpomocde-
pe [19]. Ha puc. 1, 0—3 mus gater 06.12.2016 r. BuzgHo,
YTO CHAYaJa BOBJEKAIOTCS KOHTYPBI HU3KUX 3HAUEHUI
PV, 3aTeM moCTeneHHO IpH IepeMelleHNH Ha BOCTOK
3aTparuBaloTCs KOHTYPBI cO Bce 6ojiee BBHICOKMMU 3HA-
yeHuaMu. [1oaToMy IeHTPBI ONMPOKUABIBAHUI TIPH KJa-
crepusaiuu 6btu 00beHeHbI ¢ marom B 30° B.jg. O6-
myio cxeMy aiaropurMma ananmuza OBP gma ctpartocde-
pot cM. https://disk.yandex.ru/d/Mdxc9qy9g9Ovsw.

IIpodyxmut, noayuaemvie
Ha OCHOGAHUU ANAAU3A 2e0MemPUl
u KAacmepusavuu uenmpoe ob.aacmeil
onpoxuodvieanus

ITpoayKThI, OCTYTIHbIE AJsI aHAJIN3a, aHAJOTUIHDI
TeM, 4YTO TpeacTaBieHbl B pabore [19]. CoboambIi
JUTS TOCTYTIA apXUB COJEPIKHUT JUATPAMMBI CJIeAYIONNX
BU/IOB!

— OBP pmns kaxkaoro Mecsiia ¢ OKTSOpS IO all-
peab ¢ 1979 mo 2022 r., koropble AeMOHCTPHUPYIOT,
I KakuxX JAHell m 3HaveHuii PV Habuonaetcs o6py-
IIeHNe BOJTH B KOHKDPETHBIX 06JacTaX. B gomosHeHue
K AnarpaMMaM ITOKa3aHbl OCHOBHbIE pailOHBI O6pyIIe-
Huit 3a kaxkapmi mecsan (https://disk.yandex.ru/d/
Mdxc9qy9g90vsw).

— JIOJITOTHO-BPEMEHHbBIE, TOKA3bIBAIOIIIE MEKIO-
JIOBYI0 HU3MEHYMBOCTb KOJHMYECTBA ONPOKHIbIBAHUI
3a KakAblii Mecsi. PacueT NpOBOAMJICS HAa OCHOBE
CYMMapHOTO KOJHMYeCTBa KOHTYDPOB, [T KOTOPBIX
Ha6JIIOIa/IOCh  ONPOKU/BIBaHNE B TedeHHWE Mecsla
ama xaxgoit mosrorer  (https://disk.yandex.ru/d/
Mdxc9qy9g90vsw).

IMosiyyeHHbIE TPOAYKTHI MO3BOJUIA TPOAHATU3M-
poBaTh KJIMMATOJOTHIO U [OJTOBPEMEHHYIO WM3MEHYH-

Bocth KoamdyectBa OBP. Ha ocHoBaHum m0JIrOTHO-
BpEMEHHBIX JUATPAMM MBI MOJYYNJIA CPEJHIOI0 MOBTO-
pgemoctb OBP 1o mecanam. [lo ananornm ¢ JanHbIMU
u3 my6aukaiuii [19, 20] npencraBiena He aGcomoTHAS
TOBTOPSIEMOCTh B KaXKIOM y3J€, a MOBTOPSEMOCTH OT-
HOCHUTEJBHO y3J1a MaKCUMyMa. DTO HE0OXOIUMO UCKJIIO-
YUTEJbHO JJII WITIOCTPAIuN o6JacTell MaKCHUMaJIbHOM
MOBTOPSIEMOCTH. AGCOJTIOTHASI TOBTOPSIEMOCTh OTpaske-
Ha nudpamMu s ceKTopoB B 45°. Takske Ha OCHOBa-
HUU auarpamMM ObLla paccuuTaHa uaMeHYnBocTh OBP
3a Kaxkabii Mecar; ¢ 1979 mo 2022 r. B kauecTBe oc-
HOBHOW XapaKTepHCTUKH H3MEHUYMBOCTU OIIPOKH/IbIBA-
HHU, TaK ke Kak u B [19], ucmoab30BaIoch KOJIMYECT-
BO KOHTYpOB PV, ydYacTByIOIINX B OIPOKH/IBIBAHUT
B TeueHue Mecsija. Kak 6puro mokaszano B [19], mas
a"anmm3a B3ammojeiictBuit OBP u monsipHoro Buxps
HanboJiee 3HAUYNMBIMU SIBJISAIOTCS MPOIECCH C BOBJIEYE-
HueM OGOJIBIIOTO KOJMYecTBa KOHTYpoB PV, uro mpu-
BOAUT K Hambojiee CUJIBHBIM TIepeMeNInBaHUusAM BO3-
IYUTHBIX MAacC MO BePTHKAJH.

PesysbraThl H 00Cy:KIEHHE

B nanHoii pa6oTe MbI TPOAHANIU3UPOBAU CPeIHIE
nokasaTes ToBTopseMoctu 1 u3MeHunmBoctu OBP.
Han6omapiiee koandectBo OBP Habmogaercs B HosA6pe-
nexa6pe (puc. 2).

200
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Mecar
Puc. 2. Cpennee xommuectBo OBP 1o Mecsiiam

Cpeanne MHOTOJETHUE pPaclpeiesleHusT TTOBTOpsie-
Mocti OBP mnpuseznens! Ha puc. 3. VI3 pucyHka BHIHO
yBeJUUeHe MOBTOPSAEMOCTH OINPOKUIABIBAHUA HAIl Ce-
BepoM Bocrounoii A3um, TuXuM OKeaHOM W 3aIa/[HbIM
nobepeskbeM CeBepHOlt AMepHUKH B OKTSIOpe — JeKabpe
(puc. 3, a—6). DTOT BBHIBOA B ONpEAENEHHOIl CTeneHu
OueBH/IeH, TaK KaK 3TH OTIPOKU/IBIBAHIS BbI3BIBAIOT YCTa-
HOBJIEHWE aHTUIIUKJIOHA B TEePBOil T0JOBUHE 3UMBI [ 23].
MpbI, B cBOIO Oouepe/lb, OTMeYaeM, YTO €CJU B OKTIOpe
elle BbIIEJAeTCST ATJAHTUYECKUWT ceKTop ¢ GoJblieii
noBropsieMoctbio OBP, 1o B HOS6pe-nekabpe OBP
mpeo6aalaloT B BOCTOYHOM Nojymmapuu. /i sHBaps
n eBpassg 06sacTH ¢ BbICOKOI moBropsieMocTbio OBP
He oGHapy:eHbl (puc. 3, 2, d). B ¢espane B paiione
Ypama Mo:XHO BUieTh 06JacTH C TOBBINIEHHOH MOBTO-
paemoctbio OBP. B mapre u ampene (puc. 3, e, x)
pacTipezieJieHusI TIOBTOPSIEMOCTH CXOJHBI C TIepBOii To-
JIOBUHON 3UMBI: OCHOBHbBIE OIPOKH/IBIBAHUS COCPEIO-
ToueHbl Haa BocTtouyHoit Asweit m TuxuMm okxeaHoM
(BocTovHast yacTh). B Mapre Takke OTMeYaeTcsl TOBBI-
mrerHas 1osropseMocth OBP Hax Atrmantuxoii (8%).

418 Antoxuna O.10., Touakos A.B., 3opkaubuesa O.C. u ap.



0,10

0,01

Puc. 3. CpegnexsmmaTtnueckue pacrpezesneHust nosropsieMmoctu OBP ¢ pacueroMm cpemnero Aist KaXJoro cekropa 45°: @ — OK-
TI6pb; 6 — HOSA6DPb; 6 — JeKabpb; 2 — siHBapb;, 0 — eBpaab;, e — MapT; /K — anpeib (IIBETHOH PHCYHOK CM. IO CCBLIKE:
https: //disk.yandex.ru/d/GWuDWMF09gv]Jw,/)

O6pymenue [I1B cBg3ano ¢ reHepanneil BepTHKaIb-
HBIX ITIOTOKOB BOJIHOBOIl aKTUBHOCTH. BosHbl miane-
TapHOTO MacuTaba, KOTOpble MOTYT PACIPOCTPAHITHCS
B crparocdepy, B OCHOBHOM BBI3BaHBI oporpadueil
TIOBEPXHOCTH W KOHTpACTaMU cymm u Mops [24, 25],
JIOTIOJTHUTEIbHOE yCUJIeHNe TIOTOKA BO3HUKAET B Pe3y./Ib-
TaTe GApOKJIUHHBIX TIpoiieccoB [26]. IloaydeHHble BbI-
BOJIbI COTJIACYIOTCSI C pe3yJIbTaTaMU aHAJIN3a KJINMAaTo-
JIOTHW TpexXMepHOro Imortoka JimacceHa—Ilampma [27]:
MaKCHMyM IIOTOKA BOJIHOBOH aKTHBHOCTH BBIABJIEH Ha
CeBEPO-BOCTOKe A3NU B IIePBOIl II0JIOBUHE 3HMMBI, 4TO,
10 MHEHHIO aBTOPOB, M CO3/[ae€T <IIPEJIIOCHLIKI»
k nossieHuto BCII. PesyibraToM yBeJUYeHUS aKTUB-
Hoctu [1B BcaenctBue ycusnenus rpaauertoB PV [28]
B IIepBOil II0JIOBUHE 3HMMBI SIBJSIETCS YCTAHOBJIEHUE
Aneytckoro antunukiaona (Tuxuii okeaH), CTPYKTypBI
KOTOPOTO ONHCAaHLI BO MHOTHX paboTaxX, HalpuMep
B [23]. B [17] aBTOpBI yKa3bIBaloT, YTO yBeTHUYEHIE
ammuTy bl [1B B Havyase 3UMBI He pacIpoOCTPAHSIETCS
B BEpXHIOIO cTpaTocepy M CHOCOOCTBYET YCHJIEHUIO
BUXpS B cepeAnHe 3UMBI. B orymume ot [14] MbI He
BBISIBIJIN OTYETJIMBOII 06JIaCTH C BBICOKOII MOBTOPSiEMO-
CTBIO ONIPOKM/BIBAHMS BOJIH HaJ EBponoil. BeposrHo,
3TO MOXKeT OBITh OOBSICHEHO HCIIOJIb3yeMbIM IIO/XO/I0M,
HaIpaBJIeHHBIM HA BbIABJEHNE PAfiOHOB ¢ HAMOOJIBIINM
KOJIN4eCTBOM ypoBHell PV, onHOBpeMeHHO y4acTBYIO-
IUX B ONPOKU/IBIBAHUY BOJIH, T.€. PAailOHOB, JJIsI KOTO-
PBIX IIPH OIPOKIJIBIBAHUM IIPOUCXOUT MaKCHMaJTbHAS
ansexnus CIIB k akBaTOpy.

Jlst ananu3a 10JITOBpEMEHHON M3MEHYHBOCTU Obl-
JIO TIOCUUTAHO KOJIWYecTBO ompokuabiBanuit gra Ce-
BepHoro nosymapus (puc. 4). Mbl moaydmwIn J10cTo-

BepHOe yBenmueHne koJsudectBa OBP B Hauane 3uMbl
(okTA6pD — Kekabpb). B HosAGpe B 06/1aCcTH MaKCUMyMOB
OTIPOKW/IBIBAHMI Tak:ke OTMedaeTcs 3HAYMMBIN MOJIO-
SKUTeabHbIR Tpera (puc. 4, 6), B 3alaiHoM MOJyIIa-
pHUM, HAOpPOTHB, HAGJIOJAETCS OTPHUIIATENbHBII TpeH.
(https://disk.yandex.ru/d/Mdxc9qy9g90vsw). Ilo-
9TOMY IIpH ycpeaHeHuu nosropsieMmoctu OBP mia Bce-
ro CeBepHoro IoJymrapus B HOS6pe IOJIOXKUTETbHBII
TPeH/l gBJISIeTCsl He3HAUMMbIM U Ha puUC. 4 Mbl IIPUBO-
JIUM TOJIbKO BEJMYUHY MOBTODPSIEMOCTH /11 BOCTOYHOI
nosiycepnr. /lust stHBapst u (eBpasisi ObLIN TOJyYeHbBI
He3HaYNMBble OTpHIIaTeJbHbIe TPEHBI, a MapTa W aipe-
JIsl — 3HAYUMble IO0JIOJKUTEeJIbHble. JTOT BBIBOJ OTYACTH
corymacyercs ¢ peaysibratamMu [29], mokasbIBalonmMu
yBeJIueHne 3HepruH BOJH B cTpaTocdepe TPOIHMKOB,
a Takke B BepxHell cTpartocdepe Bcex mupor Cesep-
HOTO TOJyImmapus. B 1mesoM Hagmunme TpeHIa W €O
3HAK OKa3aJIIChb 3aBUCUMbBIMU OT BHYTPUCE30HHBIX OCO-
6eHHOCTel, Tak Ke KaK UM CpeJIHEKINMATHYecKue pac-
TpeJleIeHNs: B MecsIlbl ¢ 6ojiee BBIPAKEHHBIMH 06JIac-
tamu OBP nHag Asmarcko-THXO0OKEaHCKUM CEKTOPOM
HaG6JII0/IAl0TCA 3HAYNMEBIE YBeJMYeHNs KOJMYecTBa OII-
POKH/IBIBAHUIA.

MaxkcumasibHas moBropsieMoctb OBP nag Tuxum
OKeaHOM U CYIIeCTBEHHBIN II0JIOKUTEJIbHBIN TpeH[
KOJIM4YecTBA OIPOKUAbIBAHUI B HadajJe 3UMBI MOTYT
cHoco6CTBOBAaTh BO3HMKHOBeHUIO GoJiee paHHUX BCII.
ITO BIIOCJIEJACTBUU MOXKET BJIMSATb HA H3MeHeHle «ce-
3ouHOoCcTH»> CIIB, o6ycioBiuBas Gosee cyabblii BUXPb
B cepe/UHe 3HUMBI I ero ycCHJeHHe B KoHIe. KocBeHHO
06 3TOM CBH/ETEJIbCTBYIOT YMEHBIIEeHNe KOJIMYecTBa
OBP B cepeaune 3uMBbI U yBeJudyeHHe Ilepejl BeCeHHell
mepecTpoiikoii ctpatocdepHoii upkyaanuu. [IpoBepka

OnpoxuapiBanne BojH Pocc6u B crpatocdepe. Yacts 1. Kimmarosiorust 1 1o/roBpeMenHasi H3MeHYHBOCTh 419
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3TUX THINOTe3 OyAeT NpeJCTaBjieHa B JAfbHENX Ha-
HIUX MCCIe0BAaHUSX.

OHUM U3 BO3MOJKHBIX OObACHEHUIl ABJIAETCSA U3-
MeHeH1e XapakTepa aTMoc(hepHbIX GJOKHHTOB — OJJHOTO
u3 KJI04eBbIX TponocdepHbix npeaukTopos BCII [30].
B HayuHoil JuTepaType MUPOKO 06CYKIAETCS BIMSHUE
PA3JINYHBIX aHOMAJUil B TO3[HUH OCEHHUN — pPaHHUM
3UMHMIT Tlepuoabl Ha Bo3HuUKHOBeHnme BCIT [31-35].
B paGorte [36] o6Hapy:keH CIBUT B OTKJINKE TPU3EMHOM
TeMIIepaTypbl BO3/yXa Ha MosIBIeHne OJIOKIMHTOB: C KOH-
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Puc. 4. [lonroBpeMeHHas usMeHUnMBOCTb KosmdectBa OBP
B CeBepHoM monymapun: d¢ — okTa6pb (trend: 0,68, p-val:
0,163); 6 — Hoa6pb (120° B.4. — 90°3.1.; trend: 1,11; p-val:
0,059); 6 — nexa6pw (trend: 1,18; p-val: 0,121); z — an-
Bapb (trend: -0,62; p-val: 0,392); 0 — espanp (trend:
-0,22; p-val: 0,751); e — mapr (trend: 1,18; p-val: 0,111);
s — ampeapb (trend: 1,35; p-val: 0,031). P-val <0,1 — ypo-
Benb gosepus 90% u Boiime, <0,2 — 80% u Boiuie. B Hos6pe
ucclefyeMas BeJMUNHA ONMpe/enstach B BocTounbiM momy-
mapuu

ma 1990-x rr. B oTBeT Ha TosIBJIeHME OGJOKHPOBAHUS
YCHJIMBAIOTCS XOJIOJHbIe aHoMany HaJi CHOUPBIO, B TOM
uycjie U B paHHMIT 3uMHUI nepuon. Bepodrno, mouy-
4YeHHbIT Ha pHUC. 4 TpeHJ MO)XeT OTpa)KaTb yCUJIeHue
cBs13u Tporocdepsl u crpatocdepsl 3a cuerT GoJiee aK-
THBHOTO TpoHukHOoBeHusi [IB B crtpatocdepy. Mexa-
HU3MBI NIOSIBJIEHUS] aHOMAJUI OCeHbI0 U paHHel 3uMoii
MIMPOKO O6CYKIAIOTCS M, KaK JeMOHCTPHUPYIOT MHOTHE
aBTOPBI, MOTYT OBITh CBSI3aHBI C SIBIEHUEM <«YyCUJIEHUS
Apxrukuy [31].
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3akaoueHnne

PesynbraThl Hamero uccjeoBaHUS TTOKA3aIH, YTO
OBP uMeloT BHyTpHce30HHbIe ocobeHHocTn. Hambosee
JacTo BOJHBI Pa3pyllaoTcd B CeBepHBIX YacTaX Boc-
TouHOit A3mm m TWXoro okeana B OKTSIOpe — JeKabpe
U B MapTe-ampese; B gHBape-¢deBpase IOBTOPSIEMOCTb
OBP pacnpenenena 6osee paBHoMepHo B CeBepHOM
MOJIYIIAPUN.

MpbI moJIyYnsIin JOCTOBEPHOE YBeJMYeHNe KOJIude-
crBa OBP B Havase 3uMbl (OKTSIGPb — JeKaGpb), a TaK-
JKe [UUIsI KOHIla 3UMHero mepuoga (Maprt-ampens). [lyis
cepeannbl 3uMbl (AHBapb-peBpajib) ObUIM I10JTyYEHbI
He3HAUYNMble OTpUIlATETbHbIE TPEeHIbI. Takyke MBI OT-
Metnn, 4To Ang CeBepHOTO TOJyHIApHs TIPOIECCHI,
CBS3aHHbBIE C pa3pyllieHNeM ILJIAHETAPHBIX BOJH, CYIIe-
CTBEHHO U3MEHAIOTCS OT To/a K TOAY, YTO CBUJETEeNb-
CTBY€T B TOJIb3y AHOMAJIBHOTO YCHJIEHHS WJIU OCJIa6-
JIEHWSI TIOTOKOB BOJIHOBOII aKTUBHOCTH B Pa3HbIE TOJBI.

MDunancupoBanue. lcciegoBaHue  BBITIOJHEHO
npu noagepxkke PHO (rpant Ne 22-77-10008). Uc-
CJIe[IOBaHUST KPYITHOMACIITAOHBIX SIBJIEHWI B HIDKHEH
u cpeaHell atMocdepe U OIeHKa UX JIOKAJBHOTO IIPO-
SBJEHUS Ha BBICOTAX Me3ocdepbl — HIDKHEH TepMo-
cepnl, o6paGoTKa U XpaHeHHe [aHHBIX peaHaIn3a
BBINIOJTHEHO B paMkax roc3aganuss MOA CO PAH,
a Tak)ke TPH YaCTHYHOW TMofep:kKe MUHUCTEPCTBa
HayKH ¥ BbIciiero o6pasoBanus P@ (corjamenue
Ne 075-15-2021-947).
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The processes of planetary wave breaking (Rossby Wave Breaking — RWB) significantly contribute to
variability in stratospheric circulation. Employing a previously developed method for identifying RWB,
adapted for stratospheric circulation, this study analyzes the climatology and long-term variability of RWB
processes in the middle stratosphere. The method is based on the analysis of potential vorticity (PV) contour
geometry at the 850-K level using ERAS5 data within the PV range 0—400 PVU (Potential Vorticity Units) de-
termined based on PV field climatology. It was demonstrated that RWB processes exhibit intraseasonal peculi-
arities. Most frequently, waves break in the northern regions of East Asia and the Pacific Ocean from October
to December and in April to March. In January and February, no areas with prevailing RWB processes were
identified. We obtained statistically significant increase in the number of RWB for the first half of winter (Oc-
tober—December) and for the end of the winter period (March and April). For mid-winter (January and Febru-

ary), insignificant negative trends were obtained.
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