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HexoTopsbie 0c00eHHOCTH HMPKYJISALUH
B ¢B000aHOI aTMocdepe FO:xHOr0 mosymapusi,
BJMAIOLINE HA MOJeThl BO3AYIIHBIX CYy10B

A.P. Heanoesa

T'uopomemeoponozuueckuil HaQyUYHO-UCCIE00BAMENLCKULL Y EHMP
Poccuiickoii @edepayuu, 2. Mocksa, Poccus
ivanova@mecom.ru

Ipencrasnen kparkuii 0030p 0COOCHHOCTEH HUPKYISALHUU B Tporocdepe U HIKHEH
crparocdepe IOxnoro nomymapus. PaccMoTpeHbI ce30HHBIE 1 MHOTOJIETHHE H3MEHEHHS B
MOJIO)KEHUY ¥ MHTEHCHBHOCTHU CTPYHHBIX TedeHHi. OnucaHbl 0COOCHHOCTH MOBECHUS U
CTPYKTYpPBI TPOIIOIay3bl, B TOM YHCIIE B IIEPUO NOJsipHOIT Houn. [Toka3aHo BiusiHUE IJIO-
0aJILHOTO TOTEIUICHHS M U3MEHEHHs COACPIKaHUs CTparocdepHOro 030Ha Ha M3MEHEHHE
mupKysinuy B FO>kHOM nosnynapuw.

Knrouesvie cnosa: nunekcs! tupKysnuy, FOxHOe nojtynapye, Tporormaysa, CTpyiHble
TEYCHHUS, 030H

Some features
of the Southern Hemisphere circulation
in the free atmosphere affecting aircraft flights

A.R. lvanova

Hydrometeorological Research Center of Russian Federation, Moscow, Russia
ivanova@mecom.ru

A brief overview of the circulation features in the troposphere and lower stratosphere
of the Southern Hemisphere is presented. Seasonal and long-term changes in the position
and intensity of jet streams are considered. Features of the behavior and structure of the
tropopause are described, including the polar night time. The impact of global warming and
changes in stratospheric ozone on the circulation variations in the Southern Hemisphere is
discussed.

Keywords: circulation indices, Southern hemisphere, tropopause, jet streams, 0zone

BBenenne

B cBs3u c OIOKMPOBKOW MOCTYIUIEHHS B HANly CTpaHy WH(OpMAaIUH
Bcemupnoit cuctembl 30HaibHBIX NporHo30B (BC3II) Bo3HMKIa Heobxoau-
MOCTh €€ HMIOpPTO3aMEIICHUs] MPOAYKUUEH Ha OCHOBE OTEYECTBEHHBIX
I00ATBHBIX MOJeNeH uyuciienHoro mporuosa noroasl (UIIIT). Jlo HemaBHero
Bpemenn @I'BY «'mapomernentp Poccum» Beiyckan pe3epBHYIO HHpopMa-
U0 C HUCTONB30BaHWeM poccuiickoit mogenu UYIIII mns meteoobecniedeHus
JaTbHUX TEPEIETOB MCKIIOYUTEIBRHO 10 TeppUTOpur CEeBEpHOTO MOTyIIapHUs.
[Ipexpamienre WHGOPMUPOBAHUS POCCHUCKHX aBHAKOMITAHWH TIIOOATBHBIMU



UeaHosa A.P. 9

MpOrHO3aMu ¢o cTOopoHBI eHTpoB BC3II — Jlormon 1 BammHTTOH — 00yCIIOBHIIO
HaCYIIHYIO HOTPEeOHOCTh BHUMATEIHHOTO H3YUECHUS [IPOLIECCOB B Tponocdepe u
ctpatocdepe KOkHOTO MOMTymIapus AJis BBIITYCKa 110 3TOM TEPPUTOPHUH MTPOTHOC-
THYECKUX KapT OCOOBIX SBIEHUM A aBHauuu. XoTs B HOxHOM nomymapun
s)kuBeT Bcero 10 % Hacenenus 3eMiu U, 0)KHIaeMO, HHTEHCUBHOCTh BO3IIYIII-
HOT'O JIBIDKCHUS 3]1€Ch TOpa3io HibKe, 4eM B CeBEepHOM MOJyIapuH (PUCYHOK),
TEM He MEHee, TIJ00ajbHble NPOTHO3bl NPEAIOoJaratoT IOJHOE OCBELICHHE
UHQOpMAaIUel BCEro 3eMHOT'0 11apa.

Pa3paboTka 3a1a4 MOCTOPOLIECCHHTA IJISl POTHO3a OCOOBIX JAJISl aBUALIMU
sBieHnd B KOKHOM MOJyIIapuyd MOXKET MMETh CBOIO CHEIM(UKY, MTOCKOIBKY
CYIIECTBYIOT 3HAUUTEIbHBIC OTINYUS B aTMOC(HEpHON IIUPKYJIISIHUU ABYX TOTY-
1apuii, 00yCIOBICHHBIE CIEAYIONMH OOBEKTUBHBIMU (PaKTOPaMHU.

ITo cpaBrenuto ¢ CeBepHBIM notymapuem, B KOkHOM moTymapuy MEeHbIIe
cymu u Oombiie Bogbl. FOxHast gacth Tuxoro okeana, lOxxHas ATiaHTHKa,
MHpuiickuil okeaH W pa3jM4YHbIE MOps, Takue Kak TacMaHOBO MOpe MEXIy
Asctpanueit u HoBoit 3enannueit u mope Yannemna y 6eperoB AHTapKTHIIBL,
nokpsiBaroT okoisio 80,9 % tepputopun FOxHoro nomymapus. Inomans cymm
coctapnseT Tosibko 19,1 %. Jlns cpaBHeHus, B CeBepHOM MONyMIApUH CyIIa
3aauMaeT okono 39,3 % ot obmieit mmomanu [http://geo.historic.ru/gazetteer
/st002.shtml]. DTOT (hakT CBUAETENBCTBYET O TOM, YTO BIHUSHUE ITOACTUIAFOIICH
MOBEPXHOCTH HA MUPKYIALUIO aTMocdepsl Oyner mposBiarkess B HOxHOM
nofyurapuu uHaue, yem B CeBepHom. M3-3a 6osee oqHOpOJHOM MOACTUIAIOLICH
noBepxHocTy B lOkHOM monymapuu 30HajbHAs LUPKYJIALUS (3amaiHblil
nepeHoc) 6ojee yctoiunBa, yeM B CeBepHOM.

Hpyrum  ortnuuutensHeiM  (aktopoM HOxHOTrO moOMymapus sBiAsSieTCA
Haju4ue AHTapKTUYIECKOTrO JIS0BOI0 IIUTA, KOTOPbIi OKa3bIBa€T 3HAUUTEIbHOE
BIHsSIHUE Ha (OopMHpOBaHHE aTMOChepHON HUPKYIAUUN. CTOUT OTMETUTD, YTO
B [I0CJIETHYE I'OJIbI B CBSI3U C Pa3BUTHEM TypHU3Ma BO3POC/Ia AaKTUBHOCTh BO3YIII-
HOT'O JBIDKEHUS K Oeperam JIEASTHOr0 KOHTHHEHTa (B OCHOBHOM 3a CUET peiicoB
n3 Asctpanuu u FOAP). Ha ArtapkTusie u npusierarommx ocTpoBax pacnoso-
KeHbl 0K0J10 40 a3popPOMOB U B3JIETHO-TIOCAJOYHBIX II0JIOC, YaCTh U3 KOTOPBIX
3aKOHCEpBUpOBaHA. B HacTosimiee Bpemsi B KadecTBE JEHCTBYIOLIMX MOXKHO
Ha3BaTh HOBBIM POCCHHCKHN al’poiapoM «3eHHWT» Ha crtaHiuu Ilporpecc,
B3JICTHO-TIOCAIOYHBIE TIOJIOCHI pocCHiicKor craHimi Homomaszapesckas [1], a
TaKXe a’poJpoMBbl, puHauIexkamme Yunu Ha o. Barepnoo (umenun Tenuente
Ponondo Mapma Maptuna, SCRM), Asctpamun (Yunkcon, Y WKS) u CIIA
(Amyncen-Ckorr, NZSP; Mak-Mepno, NZPG) [avia.pro/blog/acroporty-
antarctidy].

Crout ynoMsiHyTh, 4TO H3-32 O0JIee PA3BUTOM CETH HA3eMHBIX HAOIIOICHIH
B CeBepHOM TMOJyLIapuHu, a TaKXKe HM3-3a TOro, 4yTo 3/ech mpoxusaer 90 %
HaceJICHUs 3€MHOTI'0 1apa, TPaJULMOHHO Ka4yeCTBY IIPOrHO30B UMEHHO Ha 3TOH
TEPPUTOPUH YIENSUIOCh OONbIIe BHUMAaHUS TpPU ONHCAHUM MPOIECCOB B
rno6ansHBIX Moaessix UIIIL. [Topoit muist SKOHOMUM BEIYHCIHTEIHHBIX PECYPCOB
3TH MOJEITH TIPOU3BOAAT BEIUHCIeHuS B FOHOM momymapuu Ha 6onee rpyooit
cetke [43, https://meteoinfo.ru/mrf-system-about].
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PaccMoTpuM HEKOTOpBIE OOBEKTHI, XapaKTEPHU3YIOIIHE OCOOEHHOCTH
nupKyIsua B atMocdepe KOxkHOro momymapus, KOTOpble OyIOyT OKa3bIBaTh
BIIMSIHUE Ha TOJEThl BO3AYIIHBIX CYIOB MO Mapmpyty. B mannoil pabore B
KayecTBE TaKWX OOBEKTOB aHanu3upyroTcs crpyidHele TeueHus (CT) u
Tporornay3a, WHGOpMAIUs O KOTOPBIX MPEICTaBIsAETCS Ha KapTaX OCOOBIX
seiennii («significant weather») mis aBuanmu [8]. B paiione Tpomonayssl —
oOmacTi BepxHei Tpomocdepsl U HIKHEH cTparocepbl — PpacoIOKEHBI
SIIETIOHBI  JallbHEMAaruCTPalIbHBIX BO3AYIIHBIX cymoB. WHbopmarmus o
CTPYWHBIX TEUEHHSIX HMEET BaXXHOE a’dpPOHABUTALMOHHOE 3HAYEHHE C TOYKH
3peHHuss Kak A(QQPEKTUBHOCTH M JKOHOMHYHOCTH IIOJIETOB (MCIIOJIb30BaHUE
MOMYTHOTO TOTOKA), TaK M MX 0€30MacHOCTH (HAJIM4Ke 30H TypOYJICHTHOCTH B
sICHOM HeOe).

Hcropuyeckas cpaBka

Ilonumanue xapaxrepa atMocdepHbIX IBWKeHHH B FOxHOM momymapun
HEBO3MOXXHO 0€3 perysipHOro 30HAMPOBAaHMUS atMoc(epbl B 3TOM pPErHOHE.
[MonoGHbIe uccnenoBaHusl COCTOSHUS atMocdepbl Hal AHTApKTHIOW (BBICOT-
HbIEe HAOJIOEHNUS) MPOBOAMINCEH emie B Hadame 40-X TOM0B MPONLIOTO BEKa.
Oxcnenuyst AaTapkTudeckoi ciryx0b1 CILHA ¢ 26 anpens 1940 . o 15 ssHBaps
1941 r. ocymectBuia 3amyck 230 mapoB-nuinotoB u 190 pagmo30HIOB €O
cranuuu Little America, pacnionoxennoii B 800 km ot IOxnoro nomoca. [To
MaTepHuajaM 3TON AKCIEIULMU BIEPBbIE OBIJIO 3asBJICHO 00 «MCUE3HOBEHUID)
TpoIoNnay3bl B MOJIAPHYIO HOub [20].

OpHako aKkTHBHOE uH3ydeHHe artMmocdepHod wupkymsoun HOxxHOTrO
roymapusi OBII0O HA4YaTO 4yTh IMo3aHee, B KoHIE 1950-x romos, korma cOop
JI00aIBHBIX JaHHBIX BO BpeMs MexayHapo HOro reodusnieckoro roja (1957—
1958 rr.) Mo3BONMI JINKBUAUPOBATH HEKOTOPHIE MPOOEIIBI B 3HAHUSIX 00 aTMoc-
(depHBIX Tpoueccax B IOKHBIX MmHpoTax. [loMMMO panno30HANpPOBaHMS,
aTMoc(epa u3ydanach ¢ IOMOIIBIO CAMOJIETOB-Ia00paToOpuii: HapUMep, COBET-
CKasl JIETaloIasi METEOpoJIOTHIECKasi o0cepBaTopusi « AHTApKTHAa» (YHKIHO-
HupoBaia ¢ 1958 mo 1962 ron [12]. PerynspHsle cBeA€HUS O OTOAE MOCTYAIN
Takke ¢ OoproB BoeHHO-TpaHcmopTHOHM aBmammu CIIIA mpu monerax ot
r. Kpaiictuepu (HoBas 3emannus) mo anrapkrudeckoi craniuu CIIIA Mak-
Meépno [2]. HacTynuBmias BIOCJIEACTBUH 3pa METEOPOJIOTHUECKUX CITyTHUKOB
Y TIOSIBIIGHUE MOJIENIed YHCIEHHOTO MPOTrHO3a MOTOJbl PACIIUPHIN TPaHHUIIBI
MPEICTaBICHUS 00 0COOCHHOCTSIX LUPKYJIALUU aTMochepsl B FOkHOM mostyina-
pHUH 1 0 Tiporieccax 0OMeHa MeX Iy AByMsl nodymapusamu. B 1972 r. Amepukan-
CKO€ METEOPOJIOTHIECKOE 00IIECTBO BBITYCTHIIO B ceprH «MeTeopoiaoruieckue
MoHorpadun» KHUTY «MeTteopomnorus KOxHOro noymapusy, pyccKuid epeBo/t
KoTOopoii yBuzaen cet B 1976 r. [9]. B nanHoi#t monorpaduu Berep Hax FOxHBIM
MOJTyIIapHEM aHAIN3UPOBAJICS TOJIBKO B PaMKax reoCTpO(YUIECKOro COOTHOLIE-
HUS 110 JJAHHBIM O JIaBJI€HHH, TOCKOJIBKY AaJIEKO HE BCE CYIIECTBOBABIINE HA TOT
MOMEHT CTAaHIMH PaHO30HAMPOBAHMS MPOBOAMIM HAONIOJICHHS 32 BETPOM.
[lony4yenHsle MaTepuaspl TO3BOJIWIM YCTAHOBHTH HaJU4YHe B BEpXHEH
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Tporocdepe eANHON MOIIHOW 30HAIBHOW CTpyH ¢ ochio Ha BeIcoTe 250 rlla,
cMelaroueics ot suBaps K uroio ¢ 50° 1o 30° ro. mr.

OTMeTHM, YTO, HECMOTPS Ha JTaJbHEUIIICEe pa3BUTUE CUCTEM HAOJIIOICHUH,
reocTpoUIecKuil MOAX0A K UCCIESIOBAHUIO IUPKYJIISAIUN OKa3aJcsi MPUMEHH-
MbIM U B 21 Beke. Tak, B paboTe [23] mo MaTepuanam peaHasn3a TeOnOTCHIIH-
abHOHN BBICOTHI B mepuof 1958-2002 rr. Opiia oOHapyX)eHa CIIOCOOHOCTHh K
Pa3maBOCHUIO BBICOTHOM cTpyn B FOKHOM monymiapuu M ee pas3lesieHHIO Ha
CyOTpOITUYECKOE U MOJISIPHOE CTPYHHBIE TEUCHUSI.

B Hactosimiee BpeMsi OCHOBHBIM MCTOYHUKOM HH(OpMAaIMK O COCTOSHHU
atMocdepsl Hag HOXKHBIM TONyIIapHeM CIy)KaT HaONIOACHUS C TeOCTalno-
HapHBIX U MOJIIPHO-OPOUTANIBHBIX CIYTHHKOB. Kpome 3Toro, aBaskapl B CyTKH
rmoctynaer WHGOpMaIys cO CTAHIMHI TII00AaTBHONW a’poJorHdeckoi cetu. Mx
KonuyecTBO B HOKHOM MoOyIIapuu mpeBbIIaeT COTHIO, 11 M3 HUX pacrmono-
JKEHBI Ha TeppUTOpuHr AHTapKTH B! [https://oscar.wmo.int/surface/#/].

HNHaexcepl, onpeae/siromye NUPKYJISIUI0 aTMOchepbl
B O:xHOM mosymapuu

Hdns aHanm3a OCOOGHHOCTEH UUPKYISIUH aTMOC(Ephbl HCCIeI0BaTENN
WCTIONB3YIOT HEKOTOPEIE MI00ANbHBIE WM PErHOHabHbIe HHACKCHL. B HOxHOM
MONYIIAPUH 3TO TpexJe Bcero HHAeKC FOkHOro KoneOaHMs W HUHIEKC
AHTapKTHYECKOTO KOJIEOAHMS.

Huoexc roicnozo ronebanus (Southern Oscillation Index, SOI) — sro
CTaHIAPTH3UPOBAaHHBIN MHJEKC, KOTOPBIM MpEACTaBIseT cO00i OCpeaHEHHYIO
3a MATh MECSIIEB Pa3HOCTh HOPMHPOBAHHBIX aHOMAJIMH JABJICHUS HA CTAHIIMSIX
Tautu u Jlapeun (ABctpanus) [5]. B nienom, criiaxxeHHbie BpeMeHHbIe psiibl SOI
OUYE€Hb XOPOIIIO COOTBETCTBYIOT U3MEHEHHIM TEMIIEPATYPhl OKeaHa B BOCTOYHOM
Tpormyeckoir yactu Tuxoro okeana. OrpunarensHas $aza SOl npencrasisier
JIABJICHUE BO3/1yXa HUKEe HOPMbI HAa TauTu U JaBJICHUE BO3/1yXa BhIIIE HOPMBI B
Hapsune. B orpunarensayto ¢azy SOl oTMedeHO yCHIIEHUE 3aMmaHOro epeHO-
ca B cyOTpomnuueckoM mnosice FOKHOTo mosrymapus B IEproJ aBCTPATUHCKOM
3umsbl [13]. [lnuTenbHbIe IEpHOIbI OTPHUIIATENBHBIX (TIOJOKUTENBHBIX) 3HAYE-
Huii SOl coBMamar0T ¢ aHOMAaJILHO TEIUTBIMU (XOJIOJHBIMH) BOJAMH OKEaHa B
BOCTOYHOHM Tpomnuyecko yactu Tuxoro okeaHa, TUIMHWYHBIMU JJISI 3IH30]10B
One-Hunbo (JTa-Huuss) [https://www.ncei.noaa.gov/access/monitoring/enso/soi].

Hukn  Onb-Hunvo-FOxcnoco  konebanus (ENSO) MokeT OKasbIBaTh
3aMETHOE BIHUSHHE Ha COCTOsHUE cTparocdepbl. B pabore [5] memoHcTpH-
poBaics OTKIHK B cTpaTtocdepe KOxxHOTO momymapust Ha aHOMAaJIuH, CBSI3aHHBIC
¢ ENSO. Peaknus Obiia 00HapykeHa B BRICOKUX IUpoTax KOxkHOTO moymapust
B asrycre. Oxazanoch, uro OoJiee XOJOAHAs aBCTpallMiickas BecHa B
aHTapKTHYECKOH cTpaTocdepe B LeloM cBszaHa ¢ Temioi (azoii ENSO u
Ha000pOT. bbIIT0 ycTaHOBIIEHO, UTO CTpaToc(epHast MUPKYISAIHS JeHCTBYET KaK
MIPOMEXKYTOYHOE 3B€HO BO B3amMOCBs3H m3MeHunBocTH ENSO ¢ m3meneHusMu
TponocepHOH HUPKYIALUN B TEPHOJA aBCTPAMICKUX BECHBI U JieTa. CBs3b
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IUHAMHKH cTpaTocepHoro momspHoro Buxps Hax Antapktugoir ¢ ENSO
MOATBEPKIAEHA Takxke B [18, 54].

Hnoexc Anmapxmuueckoeo xonebanus (AntArctic Occillation, AAO) —
NepBbI TTaBHBI KOMIOHEHT MOJs reonoteHnuana nosepxuoctu 850 rlla B
IOxxHOM Moy mapun. AHTapKTHYECKOe KoJieOaHre 10 CBOeH PUpPOAE He OTHO-
CHUTCS K «TJI00ANBHBIMY) MOJIaM aTMOC(EPHON IIUPKYJIISINH, a SIBISIETCS COCTaB-
HOW YacThl0 0OoJiee CIOXHBIX TIOOANBHBIX CTPYKTYp B OOIIEH IMPKYJISIHUN
atMocdepsl [5]. 44O mpencrasisier coO0i 30HAIBHO-CHMMETPHUYHYIO MOAY
U3MEHYMBOCTH TeonoTeHana B KOxHOM momyniapun ¢ 001acTsIMH TIPOTHUBO-
TTOJIOXKHBIX 3HAKOB HaJl AHTAPKTUKON 1 30HATHLHOMN TOJIOCOM C IIEHTPOM BOIU3U
45° 1. m1. TonoxwurensHast paza 440 xapakTepu3yeTcsi IOHUKCHUEM T'eOI0-
TEHIMANBHOW MOBEPXHOCTH HaJl AHTApKTHION U €€ TIOJbEMOM HaJ CPeTHIUMU
mupoTtamu nonymapus [62]. Manekc AAO sBisieTcss Mepoil MHTEHCHBHOCTH
CTpaTOCEepHOro MOJSPHOTO BUXPS, KOJIEOaHUSI KOTOPOH MOTYT MOBJIUATH Ha
LUPKYJSIIHIO B Tporiocgepe (BOSHUKHOBEHUE OTOAHBIX aHOMAIIMI B MOJISIPHBIX
Y CyOTIOJISIPHBIX IIUPOTax).

Hpyroe Ha3BaHme AHTapKkTHUecKOoro konebanus — [fOowcnaa xonvyesas
mooa (Southern Annular Mode, SAM). B [55] SAM ormpeaeneHa Kak BeayIas
SMIHUpHUYECKasl OPTOTOHANIbHAS (YHKIUS 30HALHO-OCPEIHEHHON KHHETHYeC-
KOH 3HEepruu, KoTopas XapakTepu3yeTcsl CMEIICHUSIMH 0 IIHUPOTE BHETPOIH-
YECKOH CTPYH M CBA3aHa C OONBIIMMH BapHalMsIMH B BHUXPEBBIX ITOTOKax
UMITyJIbca. JTa KOJbIEBas MOJa MMeeT OapOKIMHHYIO MPUPOAY M CBA3aHA C
W3MEHEHUSIMHU B IIIMPOTHOM TOJIOKEHUH UCTOYHHKA OapOKIIMHHBIX BUXpel [32].
IOxnHas xompmeBass Mona, coriacHo [23], BBICTyHaeT B KadecTBE TJIABHOTO
MOJYJISITOpa IIUPOTHl © KHTEHCUBHOCTH CTPYH MOJISIPHOTO (PPOHTA, TIPU ITOM €€
BiusHue Ha cyOTponnyeckoe CT kpaiiHe HezHauuTenbHO. B monoxuTtenbHOM
¢daze SAM nHaOmromaercss CABUI K IOJIOCY M YCHIICHHE MOJSPHOH cTpyw. B
XOJIOJTHBIA CE30H OoTMedaeTcs acummerpus SAM, cBs3aHHas ¢ WHTEHCH(H-
Kalyei MmoysipHoro crpyiHoro teuenus [44]. Uccnenopanus SAM mist BTopoit
MOJIOBMHBI MPOIIUIOTO BeKa MOKa3ali, YTO €€ W3MEHEHHUs! ObUIM 00YCIIOBIICHBI
HEeJIMHEWHOW KOMOMWHAILME €CTeCTBEHHOTO M aHTPOTIOTEHHOTO BBIHYKICHHS,
MIpUYeM IocienHee ObIT0 HanboJiee BRIPAKEHO B JICTHUN ce30H [36].

Amnanorom SAM sBnsercss GapokinuHHas KoiblieBas moma (Baroclinic
annular mode, BAM). Nunexc BAM ompenensercs Kak BeIyIInii OCHOBHOMU
KOMIIOHEHT BHXPEBOH KHHETWYeCKOW sHepruu B HOXHOM ToOmymapuw,
paccuntaHHbli 11 Beex ypoBHe# ot 1000 mo 200 rlla u Bcex mupoT B mojsoce
20-70°10. m. BAM cBsi3aH ¢ W3MEHEHHSIMH aMIUTUTYA BHUXpeH, HO HE C
30HaJBHBIM CpedHuM TOTOKOM [37, 55]. IlepuoguunocTs, cBsizaHHas ¢ BAM,
MOTEHITHAIBHO Ba)KHA JUTsl TOHUMAaHUS BHYTPUCE30HHOW N3MEHYHBOCTH KIIMMa-
Ta TOJyIIapusl.

Ha w3meHunBOCTH cTparocdepHoro monsipHoro Buxps B IFOxxHOM
MONTYIIIAPUN MOYXKET OKa3blBaTh BIHSIHUE (ha3d KA3UOBYXJIeMHUX KOoebOaHull
30HAJILHOTO BETPa B 9KBATOPHAIIbHOM cTpatochepe [4, 42]. [1pu 3anaanoii dasze
cTpatocepHBIi 3UMHHNA BUXpPh WHTCHCHBHEE WM TEMIIEpaTypa B MOJSPHOMN
o0jacTH HUKE, 9eM BO BpeMs BOCTOUHOU (hassl [4].
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B 3agavax xaumaTuueckoro MoaenupoBaHus [17] B KauecTBe MHICKCOB
OUPKYJSIUA MOTYT WCIOJB30BAThCS OCEBasl IIMPOTa U CKOPOCTh 3aMaJHOTO
nepeHoca, a Takke unoexc ASL (Amudsen Sea LOW) — OCTOSTHHO CYIIIECTBYIO-
11ast 001aCTh HU3KOTO JaBJICHUS HaJl MOpeM AMYJICEHA Y 3aIaTHOTO TOOEPexkKbs
AHTapKTHIIBI, JEMOHCTPUPYIOIIAs CE30HHYI0 MHTPAIHi0 Mexay MopeMm Pocca
(~150° 3. n.) B mtone u MopeM bemnmuHcraysena (~110° 3. 1.) B ssHBape.

Crpyiinbie Teuenus HOxHoro moaymapus

Kax yka3pIBanocs BbIlIe, MEPBBIE MCCIEIOBAHUS BBHICOTHOTO TIOJS BETpa
BBISIBWJIM HAJIMYME SJMHOM MOIIHOW CTpyW B BepxHei Tpomochepe HOxHoro
nonymapus [9]. [lo3gHee ObUIO OOHApPYKEHO €€ pa3JelieHME Ha JiBa SPKO
BBIPQXCHHBIX CTPYHHBIX TEUCHHUS — MONSIpHOE (MK, IO APYTOH TEPMHHOJIOTHH,
CyOmosIpHOE), KOTOPOE MPOCIIEKUBACTCS MPAKTHYECKH BO Bcel Tpornochepe co
CPEIHUM TOJIOKEHHEM OcH BOJIM3U 50° 10. 1I., U CyOTpONMUYECKOe — BEPXHETPO-
nocepHoe, pacrioioxkeHHoe B cpeaaeM Hax 30° 10. m. CortacHO CITyTHUKOBOM
uadopmaruu [35], B mepuox ¢ Mas mo nekabph BepxHeTporocheprsie CT
CIIMBAIOTCSI C HIDKHECTPAaTOC(EPHBIMHU, CBSI3aHHBIE C CAMOM HHM3KOW YacThIO
ctpaTtocdepHoro nossproro Buxps FOIT («subvortex»).

ITo mammeim peananmmza NCEP/NCAR, 3a mepuox 1958-2002 rr. Gwina
OTMEYeHa SPKO BBIpaKEHHAasi Ce30HHOCTh B moBeaeHnH CT: B Terublid ce30H
Ha0JIr01aMachk TOJIBKO O/IHA CTPYS ¢ OChbi0 BONMM3K 40° 0. 1I., TOrJa Kak OCEHb U
3MMa XapaKTePU30BAIMCH OTYETINBO BRIPAXKEHHBIM €€ pa3zielieHueM Ha CHIIbHOE
JOMUHHpYIOIee CcyOTponnyeckoe TedeHue Ookojo 30° 0. 1. W TOJsipHOE
(poHTaTBHOE TEUEHHUE, TOCTENIEHHO CMEIIAIOIIEeCs] K TOII0CY M JOCTUraloIee
60° 0. 11I. K KOHI[Y XOJIOAHOTO ce30Ha [23]. YcuieHue cyOTpOIHUECKOi CTpyH
B TIEPHOJ ABCTPAIMUCKOW 3WMBI (WMIOHB-aBIyCT) M €€ OCJIa0JICHHE JIETOM
(mexabpr-theBpans) obcyxaaiocs B padore [57]. Kak 6bu1o ormeueno B [40],
¢opmupoBanue cyoTponnueckord ctpyn B HOKHOM mMONymIapuul CBSI3aHO C
AKTUBHOCTBIO A3HATCKOTO JIETHETO MyCCOHA. BBIIO Takke yCTaHOBIJIEHO, YTO Ha
CKOPOCTh CYOTpOIMYECKOH CTpyH HambOoyiee 3aMeTHO BiHUseT Oib-HuHBO-
IO>xHoe konebanune. Hax Tuxum okeanoM B nepuos Dab-HUHBO B TEMIIbIN Ce30H
ckopocth CT npumepHo Ha 50 % OGonblie, yeMm B iepuon Jla-Hunbs [23].

B Tewyenune BTOpOW TOJOBMHBI MPOLUIOTO BeKa OblIa OOHapyXXeHa
TEHIEHIMS K 3aMeUIeHHI0 cyOTpornmdeckoil ctpyu [23]. OueHka CHIKEHHS
MTUKOBOM aKTHUBHOCTH cyOTpormmueckoro CT ObLia BhIOJIHEHa B padote [27],
oHO coctaBwio 17 %.

B otnmmuane ot cyotpormmueckoro CT, i1 mOdsIpHOM CTpyH OBUIO OTMEYEHO
ycuiieHne MHTeHCHBHOCTU B mepuon ¢ 1958 mo 2002 r. [23]. [onsproe (mnun
cyonomnsproe) CT siBnsieTcss TOCTOSHHBIM U TIONYIIUPKYMIIOJISIPHBIM TIOTOKOM,
pacnupocTpaHsIOIUMCS 10 BBICOTE Ha BCIO TPOHOC(EPY U CONPOBOXKJAOIUMCS
OTYETINBOM OapOKIMHHON 30HOH Y MOBEPXHOCTH 3eMIH. BeimonHeHHBIH B [40]
aHaJIN3 UUKIOHMYECKUX TPACKTOPUI BUXPEH U BEPXHETPONOCHEepHON IHUPKYIIS-
IIUH TTO3BOJIAJI YCTAHOBHUTH CBS3b MEX/Ty BUXPEBBIM MIEPEHOCOM H AKTHUBHOCTBIO
CT. Oxazanoch, 4TO B OTCYTCTBHE HWHTEHCHBHOW CYOTpPONMYECKOW CTPYH
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TUXOOKEAHCKHE LMKIOHMYECKHE TPACKTOPUH JIETOM U oceHblo FOxHoro momy-
LIapysl SIBJISAIOTCS YaCThIO YETKO ONPEENCHHBIX LUPKYMIIOISPHBIX LUKIOHH-
YEeCKHX TpaeKTOpui BoJb mossipHoro CT. 3uMoi n BecHOH, HaNpoTHB, 0071acTh
AKTUBHOTO BUXPEBOI'O MIEPEHOCA HAa BEPXHUX YPOBHSX pazaeiisieTcs Ha ITaBHYIO
BETBb BJ0JIb cyoTponueckoro CT v BTOPUYHYO BETBb BIOJb MOJSPHOM CTPYH.
B HmxHel Tponocdepe BUXpeBoii iepeHOC POPMUPYETCS TOJIBKO BIIOJIL 000CT-
puBILeiics 6apOKIMHHOM 30HbI o1 noApHbIM CT.

B Oynymiem u3-3a TasHUS aHTAPKTUYECKOTO MOPCKOTO JIbJia Tperosia-
raeTcsi CIIBUT CTPYMHBIX TEUEHUH M CBSI3aHHBIX C HUMH LIMKJIOHUYECKUX TPACK-
TOpHUH K MOJrocy [61]. DTo e MOATBEP)KIA0T Apyrue padoThl, paccMaTpUBa-
OIIIKE CIIEHAPHH TJI00abHOTO TToTeruieHus [34, 46]. B [34] yrBepkaanock, 9To
KpyIHOMAacIITaOHBIN MPSIMOM OTKJIMK Ha KIMMaTHYECKHE U3MEHEHUS B MPHH-
[UIe He U3MEHUT MHTEHCHBHOCTh U OPMY CTPYH, a JHIIb CABUHET ee Ha 21°
LIIMPOTHl B HampaBlieHMH Nojiroca. OTMETHM, YTO IUIOMIAAb aHTAPKTHUECKHX
JBIOB Kak HeocropuMoro (akropa (opMmupoBaHUs HUPKYISIIUU B HOxHOM
MOJIyLIAPUY MCIIBITHIBACT KOJIeOaHUs ¢ TEHACHIMEH K cokparienuto. B 2023 r.
ObUT 3a()MKCUPOBAH MUHMMYM IUIOIIAAN aHTAPKTHYECKOTO MOPCKOTO JIbJIA TI0
JAHHBIM CITyTHUKOBBIX CHUMKOB [22], a aHanH3 PsI0B Ha3eMHBIX HAOJIIOACHUN
B AHTapKTHJE MO3BOJMJ CAETATh BBHIBOJ O MOCTEIIEHHOM YBEIHMYEHHU KOJIH-
YeCcTBa MECSALIEB B TOY C (IIOJOKHUTEIBHON AUHAMUKOM Temnepatypsl» [10].

Opnnako T700abHOE TOTEIUICHHE, OTPa3WBIIEeCd Ha HarpeBaHWH TPOIIO-
cdepsl, CUUTaeTCsl HEe eIUHCTBEHHON MpUYMHON n3MeHeHus nonoxeHus CT B
IOxHOM mTonrymapun. pyrum paktopom B padote [28] Ha3BIBAIOTCS MPOIIECCH
B cTparocdepe, a IMEHHO UCTOIIEHHE 030HOBOTO CIOSL. DTO K€ MOATBEP)KIAAET
u Oojee mo3aHsisi pabota [25], B KOTOPOU aBTOpHI IMOJIATAIOT, YTO CABHTU B
IIOJIOXKEHUU CTPYHHBIX TEUEHUN 00yCIIOBIEHBI U3MEHEHUSIMHU TEMIIEPATypHOIO
rpaueHTa BepxHel Tporochepsl U HIKHEN cTpaTtocdepsl.

N3yuenne mUHaAMHUKHU CTPYWHBIX TeUeHUH [29] 103BONMIIO YCTAaHOBUTH, UTO
cyoTponmueckuii GpoHT u coorBercTByromee emy CT B mepuon ¢ 1979 mo
2010 r. cmecTunuch K mosrocy B FOxkHoM nonymapuu Ha 6,5+0,2° mupoTsl. Jta
BEJIMYMHA 3HAYMTEIBHO IPEBBICHIIA COOTBETCTBYMOLIee 3HaueHue At Cesep-
Horo nonyurapust (3,7+0,3°). IIpu onenke GpakTopoB TaKOTo cMelIeHus (M3MeHe-
HUSI TEMIIEPATyPhl IOBEPXHOCTHU CYILU U OKEaHa B TPOIIMYECKOM IIOsICe, IPSMOe
paluanvoOHHOE BO3JEHCTBHE NMApHUKOBBIX I'a30B B Tpomocdepe, M3MEHEHUS
TEeMIIepaTypbl HWKHEH TPOMUYECKOH cTpaTocdepbl, KBa3UABYXJIECTHSS OCLIMI-
JSIOMS M BYJKAaHUYECKHE W3BEPXKEHMS) NOMUHHpPYIOLIas posib OblIa OTHaHA
MapHUKOBBIM razaM. OTMe4anoch, YTO 3HAUYNTENbHBIE H3MEHEHHS TIOJ0KECHUS
CTPYWHBIX TeUEHUI BIEKYT 3a cOO0I 3aMeTHBIEC IINPOTHBIE CABUTH B TII00AIB-
HOH IUPKYJSINH, paclpee]IeHIH TeEMIepaTypsl U ocaakos [38].

HenaBuue uccnenoBanus TpeHAO0B TPOIOCHEPHOIN UPKYISINHN IO JAHHBIM
ERA-5 (19792022 rr.) oOHapyXWiIN YBEIHYEHHE CKOPOCTH 3araHOTO Tepe-
HOCa BO BHETPOIIMUYECKON YacTH JIETOM M oceHbto FOkHOro momymapus, npu
9TOM CIBHUT K TOJIIOCY OBLI OTYETIMBO 3aMETECH TOJBKO JIETOM, C JeKadps 1o
tdespae  [48]. Hns momsproro CT Obulo OTMEUEHO €ro YyCHJICHHE B
TUXOOKeaHCKoM cektope. s cyoTpormmueckoro CT oTmedarncss HanOGOIbIIAN
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CIBHI' €r0 OCH K 3KBAaTOpy B IOKHOAMEpPHKaHCKOM cekTope. [Ipu stom ObLio
3a(UKCUPOBAHO OCIIA0JICHHE YacTH CyOTPOMTUIECKON CTPYH, IPOCTUPAFOIIEHCS
oT BocToka MHauniickoro okeana uepe3 ABCTpaIMIO 10 BOCTOUYHOM yacTu Tuxoro
okeaHa. OgHaKo MO JaHHBIM [53] Haa PEruoHOM, OXBATHIBAIOIIUM BOCTOUYHOE
no0Oepexxbe ABCTpallMM M aKBaTOpuio TacMaHoBa Mopsi, B ampelsie-mMae
MIporcXouIa nHTeHcudukanus cyorponndeckoro CT.

Tpononay3a B OxkHoM noaymapuu

Tpomnomay3a sBisieTcss O0O0NACTBIO pasfena MeXIy Tpormochepoid
ctparocdepoii. B Tpornrkax mo 06e CTOpOHBI 3KBaTOPa BHICOTA €€ MaKCUMaJIbHA
(~18 xM) ¥ IPUMEPHO COOTBETCTBYET BBHICOTE M3DHTPOIMUYECKON MOBEPXHOCTH
380K [7], k moarocaM MPOMCXOMUT €¢ TMOHWKEHHE, B 30HAX BBICOTHBIX
aTMOCQepHBIX (POHTOB M CTPYHHBIX TEUEHWH — pas3pbIBbl WM CKIAIKO-
oOpa3oBaHue (B 3aBUCUMOCTH OT crioco0a mpezacrasienus). B [35] ormedeHo,
yro neToM B HOKHOM TONyImIapuu paspbIBbl TPOIONAY3bl ¢ 00pa3oBaHHEM
BTOPUYHOM TPOTIOMNAY3bI CONMPOBOXKIAIOT cyOTponmyeckoe CT BHU3 1O TEUSHUIO
0T peruoHa ABcTpanuiickoro myccona. [Ipu sTom B Beicokux muporax KOxHoro
MOJTYIIAPYSI MHOXKECTBEHHBIE TPOTIONAY3bI TIOUTH MOBCEMECTHBI B HIOHE-HIOJIE U
CBSI3aHBI C YHUKAJIBHON TEPMHUYECKOW CTPYKTYpOiH Tpomochepsl B MEpHOX
TIOJIAPHOMN 3UMBI.

OTOXIEeCTBICHNE TPOMOMAY3bl C KaKOW-THOO MOBEPXHOCTHIO HE BIIOJHE
dbm3uveckn KoppekTHo [7]. boiee TouHO mMepexonm Mexay Tpomochepoit u
cTpaTocdepoil criemoBano Obl XapaKTepU30BaTh CIOEM ONPEACICHHONW TOMNIIH-
HBI, Kak, Hampumep, B u3BecTHOM koHuermuuu UTLS (upper troposphere-
lowermost stratosphere). OxHako TpeOGOBaHMs CO CTOPOHBI ABHALIMOHHBIX MTOJIh-
30BaTeNe K TIONYyYEHWIO WH(QOpPMAlM WMEHHO O BBICOTE TPONOMNAy3bl U
TEMIIepaType Ha 3TOM ypOBHE [8] MO-TIpeXHEeMY 3acTaBJISIIOT Pa3pabOTUMKOB
MOJICJIBHOTO TOCTIPOLIECCHHTa MCKaTh MOA00HE HEKOW MOBEPXHOCTH, OTHE-
nsrone  TpomocdepHbli Bo3myx oT crpartocdeprHoro. Ilpm sTom Takme
0cOOEHHOCTH, KaK JIBOWHBIC W TPOMHBIE TPONOMNAay3bl, BOZHUKAIOIINE B 30HAX
aTMocepHbIX (QpOHTOB, MoTpebuTenss He HHTepecyloT. 1lo 3Tol mpuumMHe
WCCIIC/IOBAHUSI TPOIMONAy3bl Ui €€ TOCIEAYIOMEr0 IMPOrHO3UPOBAHUS
MIPOBOAATCS Ha 0a3e HE TOJBKO ompeaeneHus [59], oCHOBaHHOTO Ha BepTH-
KaJIbHOM TpaJii€HTE TEMIEpaTypbl, HO M Pa3IMYHBIX MHBIX MPEIIOI0KECHHUM.
K HIM OTHOCAT KOHIENIMHM TUHAMUYECKON TPOIOMAy3hl, O30HOMAay3bl [6],
IMMOBEPXHOCTU OIPEACICHHBIX 3HAUYEHHUH rpaav€HTa HOTGHHI/IEUIBHOI‘/'I TeMIICpa-
TyphI [56] u mp.

KoppekTHoe omnpenesnenue cpenHero moyioKeHus Tpornonayssl B FOxxHoM
NOJyIIapuy, 33 MCKIIOYCHHWEM [EHTPAbHOH YacTH aHTapKTHYECKOTO
KOHTHHEHTA B MEPUO/] TIOJISIPHON HOYH, TIOJTHOCTBIO COOTBETCTBYET PyHIAMEH-
TAJILHOU TPUYWHE €€ CYNIECTBOBAHUS — 3TO YPOBEHh MUHHUMAJIBHOM Temrepa-
TYPBI, HAXOSIINICI MEXIY ABYMSI HCTOYHHUKAMH TeIUia (BBIICICHUEM TEIUIa,
CBSI3aHHBIM C PK30TEPMHUYECKHMHU PEAKIMSIMHU B O30HOBOM CJIO€ ¥ JJIMHHOBOJI-
HOBBIM H3ITy4CHHUEM TOBEPXHOCTH TuIaHeThl). OMHAKO JEe0BOE MOKPHITHE
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AHTAPKTHYECKOTO MATEpUKa B YCJIOBHSIX TMONSAPHOH HOYM MOXKET MPUBECTH
K HApYIICHHIO TIO00US paJuallMOHHOTO PaBHOBECHsI Ha BBICOTaX. B TakoMm
cllydyae, COTJIACHO KJIaCCHUYECKOMY OTpENENICHUI0 (Yepe3 BeTUUMHY TpalueHTa
TEeMIIepaTyphl), TPOTONAay3a BIIOJHE MOXKET OBITh WACHTU(QHIMpPOBaHA Ha
MOBEPXHOCTH JIbJIa, YTO COOTBETCTBYET (OPMATBHOMY OTCYTCTBHIO CIIOS
tporocdepsr Hanm AHTapkTHa0i. Emme B 1942 r. B bromreteHe AMeprUKaHCKOTO
METEOPOJIOTHYECKOr0 coolmiecTBa Obula OMyOJIMKOBaHA CTaThs ApHOJbIA
Képra «/cue3HOBEHHE TPOIOIAY3bl aHTAPKTHYECKOM 3uMOiD» [20].

OTMeTHM, 4TO B IPYrHe TIEPUO/Ibl TPOIIONAY3a B €€ KIACCHYECKOM CMBICIIC
[59] Mmoxet ObITH OnpesiesieHa U Hax AHTapKTUAONH. ABTOD [47], BHITOTHUBIIHNA
aHaym3 AaHHbIX 190 30HIUpoBaHMM Ha craHimu Jluttin Amepuka (78° c. .,
162° 3. 1.) c ampens 1940 no auBaps 1941 r., mocuuTan Tpornomnay3y Kak ypoBeHb
paMaIlMOHHOTO PAaBHOBECHS W OOHAPYKHJI HAHOOJbIIECe OXJIKICHUE aTMOC-
(epbl, COOTBETCTBYIOIIEE MOJOXKECHUIO TPOIOINAY3bl, HA BBICOTAX MEXIY 8 U
10 kM. B nauane 3umbl KOXHOTO MOJyIIapHus 3TOT YPOBEHb MOT OITyCKaThCS
HIDKE 7 KM.

Ha cerogusmHuid AeHb JUisi OJHO3HAYHOI'O OIPEAEIEHUS TPOIOIAy3bl
(C meITpr0 MCKITIOYEHHS TTPOOJIEMBI «MHOXKECTBEHHOCTHY) YaIlle BCETO HCIOIb-
3VIOT «JIMHAMHYECKYI0» KOHIICTIIHIO, OTOXJICCTRIISS TPAHUILY MEXY TPOIOC-
(hepoii u cTpaTochepoii H30MOBEPXHOCTHIO HEKOW MOPOTOBOM BEIMYUHBI BEPTH-
KaJIbHOU COCTABJISIONIEH MOTEHIIMAIBHOTO BHUXPS OpTeNs, YbM 3HAUYCHUS B
cTparocdepe Ha MOPAIOK MPEBHIIIAIOT TponochepHbie [6]:

q= -g(&+f) 00 /op.

3neck g — yCKOpeHHe CBOOOTHOTO MajfieHus; ¢ — OTHOCUTENbHAs 3aBUXPEH-
HocTh; f — mapamerp Kopmonuca; 6 — moTeHlIManbHas TemIieparypa; p —
nasnenue. Enununeii usmepenus cuntaercs 1pvu=10° K kr! m%c?.

Crenyer oTMETHUTD, uTO 3HaueHHs § B FOxHOM MONTyIapuu OTpHIaTeIbHbI
(B orume ot CeBepHOTO0) M3-3a TOTO, uTOo napameTp Kopuonuca 3aeck MeHbIIe
Hyns. OtMmeruM, uto B CeBepHOM NONyIIAPUM IWHAMUYECKAs TPOIIOIAy3a,
COOTBETCTBYIOIIAs TOM, UYTO yCTaHABIMBAETCS B [59], "aie BCEro ammpoKCH-
MUpPYETCSI U33PTEINUECKUMHU TOBEPXHOCTAMHU B Juana3oHe 3—4 pvu. OgHako
OOJNBIIMHCTBO pabOT MO HCCIIENOBAHUIO Tpomomnay3sl B KOkHOM Tonymapuu
OTOXJICCTBIIAIOT €¢ MOBEPXHOCTRIO -2 pVU [16, 33, 39, 41, 52, 56].

Bospiioit nHTEpeC nccneaoBaTeny NPOSBISIOT K HAPYIICHUIO 30HAIBHON
LUPKYJISLUH, TIPOSBISIOLIEMYCS B Ipolieccax OJIOKUPOBaHUs, 00YCIIOBICHHBIX
obpymennem BonmH Poccou (OBP) BOmm3m Tpomomaysel. B [16] paccmar-
puBaniock obOpymienue BoiaH PoccOu Ha moBepxHocTH -2 pvU. Bputo ycra-
HOBJICHO, YTO Yallle BCEro OJIOKMPOBAaHUE BOJIH IIPOMCXOANT B CPETHUX IIUPOTAX
IOxHOTO MONMymapus, HaOMrOIAeTCsS MPEUMYIIECTBEHHO 3UMOH B BOCTOYHOM
yacTd THUXOro okeaHa M MOXKET OXBaThIBaTh BCIO Tpornochepy. CpaBHUTEIBHO
penKue JIETHHE 3MU30bI OJOKUPOBAaHMS OTPAaHMUYCHBI B OCHOBHOM 3aIllafHOM
ygactpio Tuxoro okeana. [Ipu stom OBP kak 3uMoii, Tak ¥ JIETOM TIPOSIBIAETCS
yaiie B roasl Jab-Hunbo, Hexxenu B roasl Jla-HuHbs.
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HccnenoBanre Mop¢oi0ruu 3MHU3040B BOJHOBOTO OOPYIIEHHS OTHOCH-
TEJILHO TIOJIOKEHHSI TIOJIIPHOM CTPYH OOHAPYKHUIIO, YTO B LIEJIOM Ha TOISIPHON
CTOPOHE CTPYH IPOUCXOAMT OOpYIICHHE MO UMKIOHWYECKOMY THIly [52].
CMelaHHBIH THIT HAOJIOJACTCS B CPEIHUX IIMPOTax Haj paiioHoM HoBoit
3enmananu (3anan Tuxoro okeaHa, 3xkBaTopHanbHBINA (anr momsipHoro CT). B
CpPeIHUX MIMPOTaX BOCTOUHOW yacTh Tuxoro okeana, rae CT crmaOsl, HabmrO-
JAr0TCA 3MU30bI O0PYILIEHHS BOJIH 10 AaHTULUKIOHUYECKOMY THITY.

B [41] ycranoBneno, uto B 1enoM B HOxknom momymapuu OBP Ha
Tpormornay3e Beime u3dHTponbl 320 K wamie Bcero mpowcXoAuT MO aHTUIIU-
KJIOHW4YecKkoMy THITy. CyIIeCTBYIOT 3aMETHBIE pa3lINyMsl B CE30HHBIX M3MEHe-
Husix OBP: 3uMoif MOBTOPSIEMOCTh TAaKMX SIH30J0B MHHUMalbHa BOJIW3U
noBepxHocty 350 K, netom — Ha uzsHTponuyeckod nosepxHoctu 330 K. Otu
CE30HHBIE Bapraluu O0O0yCIIOBJIEHbl M3MEHEHHSMHU B PACIIOJIOXECHUH TPOIIOC-
(hepHBIX CTPYH W TUHAMHYECKOHN Tporomay3bl. 3UMOU MOIOXKEeHHe CyOTpOIH-
YECKOM CTpyH COBMAAAET C IOJIOKEHHWEM TPOIOINay3bl Ha H3IHTPOINYECKON
nosepxHocTH 350 K Hax ABctpanueii u B OxHoil wactu Tuxoro okeana, 4to
NPUBOAUT K ce30HHOMY MUHMMyMYy OBP Ha 3Tux BbIcoTax. JleToM Ha BbIcOTE
uzsHTponbl 330 K mang FOxwuoilt Atnantukoir um torom Huamiickoro oxeaHa
cosnaaatot nosisipuoe CT u Tponomnaysa, 4To IPUBOAMT K ITOJABIECHHUIO IIPOLIEC-
co OBP B aTOM pernose.

[IpoBenennslii B [15] aHamu3 ri1aBHBIX KOMIOHEHTOB AJI1 BHYTPHCE30HHOU
M3MEHYMBOCTH BHETPOIIMYECKON 30HATBHO-OCPETHEHHOH Tponomnay3sl KOxxHoro
MOJTyIIapys MOKa3all, YTO 3Ta N3BMEHYMBOCTh B OCHOBHOM ONPE/IeNAeTCs BOJIHO-
oOpasHoii jAedopmanmeli TpOMOMNay3bl, a HE HW3MEHEHUSIMH €€ BBICOTHI.
[ono6HbIe nedopManni BBI3BaHBI aHOMAIBHBIM OOpYILIEHHEM BOJIH Ha YPOBHE
Tpomonay3bl B yK€ CYLICCTBYIOLIEM aHOMaJbHOM CTPaTOC(HEpHOM IOJISPHOM
BuXpe. HTEHCUBHBI NONSPHBI BUXPb CBA3aH C HNOABEMOM TPOIOIAY3bl,
cnadblil — ¢ ee omyckanueM. [Ipu 3ToM OOpylIeHne BOJIH B CPEIHUX MIMPOTAxX
(hopMHpyeT AUMOTBLHOE U3MEHEHUE TPOIIONAY3bl. DTH JIBE BEIHYKIAIOIINE CHITBI
JEMCTBYIOT Ha pa3HbIX MacIITadax U MOTYT OBITh pa3/ieieHbl MyTeM YacTOTHOU
¢$ubTpanyy.

[To maHHBIM KIMMATUYECKOTO MoOenupoBaHusi [45] yCTaHOBIEHO, YTO
MIPUYMHON OCJIabJIieHUs MOJISIPHOTO BUXPS (a ClIE€AOBATENbHO, MOHMKECHUS
Tpomonay3bl) MOKET OBbITh I'€HEpalysl CTALHMOHAPHBIX BEPTHUKAJIBHO PACIpO-
CTPAHSIOIIUXCS BOJIH B YCIOBHSX HHU3KOH CIUIOYEHHOCTH AHTAPKTHYECKOI'O
MOPCKOTO JIB/A.

Hedopmanust Tpomonay3sl y OeperoB AHTapKTHABI, MPOSBISIOMIASNCS B
BHJIE CKIaakooOpazoBanus ((omauHr), oocyxmaercs B pabote [33]. M3BecTHO,
YTO YacTO OIyCKaHHWE TPOIONay3bl MPOUCXOOUT HA OOPAIIEHHOH K IOJIOCY
CTOpOHE cTpyiiHOTO TeueHus1. OMHAKO aBTOpaMH ObUIO YCTaHOBIIEHO, YTO 3UMOI
HOsxHOTO Monymapus Hanmure CT He MOXKET MOTHOCTBIO OOBSCHUTH MTOJTOOHYIO
JeQopManio TpOMonay3bl BAOJL ToOepexbsi BocTouHold AHTapKTHIBL
JononauTensHBIM  (PAaKTOPOM, 110 MHEHHIO AaBTOPOB, SIBJISETCS CYXEHHE
(contradiction) MmepuaHOHATLHOTO pa3Mepa BUXPEH CHHONITHYECKOTO MacIiTada,
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KOTOpOe OOYCIJIOBJIEHO KPYTHIM penbe()oM AHTAPKTHUIECKOTO IUIATO W pagua-
LMOHHBIM BBIXOJI)KHBAHUEM.

B [26] mo nanueiM ERA-INterim 65110 ycTaHOBIIEHO, YTO YaCTO HA YPOBHE
Tpornonay3sl BOJH3HM TONIOCAa HAOIIOAAIOTCS HEKOTOPbIE KOTEPEHTHBIE CTPYK-
TYpBI, KOTOPBIE MOTYT OBITh HACHTU(GUIIMPOBAHBI IO JIOKAILHOMY MUHHMYMY
NOTCHIUAIBHOW TeMIepaTypbl U JIOKaJbHOMY MaKCUMyMY MOTCHIUATBLHON
3aBHXpPEHHOCTH. DTO Tak Ha3biBaeMble «tropopause polar vortices» (TPV),
MOJISIPHBIE BUXPHU Ha TPOIOINAY3€e, SIBJISIOLIMECS IPEAILIECTBEHHUKAMU TIPH3EM-
HBIX [UKJIOHOB — TOCTaBIIUKOB OCHOBHOTO KOJHYECTBA OCAJKOB Hal
AHTapPKTHYECKHUM JICZIOBBIM IIUTOM. Ha TpaeKkTopuu 3THX BUXpEH CyIIECTBEHHO
BimsieT penbed AHTapkTHabl. Pacyersl mo qanHbeiM ERA-INterim nokasanu, uro
CYIIECTBYIOT TPH pallOHA BBICOKOM IUIOTHOCTH TaKUX CTPYKTYp: HeIocpen-
CTBEHHO K BOCTOKY OT TpaHCaHTapKTU4YE€CKOTrO TOPHOrO XpedTa Haj IeNb-
¢doseM nerarkoM Mopst Pocca, B paiione 3emin Koyrca n xpe6ta Lllexknrona u
B paifone 3eminu Mak-PobGeprcoHa. Bplio BBIIBUHYTO MpEANONOKEHHE, YTO
MOTEHIIHATBHbIE AaHOMAIUHM 3aBUXPEHHOCTH BO3HHKAIOT MOJOOHO BUXPEBOMY
cliefly, KOrzja 3amajHble BEeTphl Hax AHTAPKTHOOW NPUOMIDKAIOTCS K
BEITSIHYTOMY TpaHCaHTapKTH4YeckoMy xpeOTy. B [58] ykaspiBaeTcst Ha CBsI3b
TPV ¢ nepeHocoM Biaru u3 CyOTPONMMYECKUX IIMPOT B CHUCTEMaX BIIAXKHBIX
Hecynux noJjoc («atmospheric river»).

B nocnennue necarunetrs ObU10 32 MKCUPOBAHO YCTOMYUBOE MOBBIICHHE
BBICOTHI TPOIIOTAyY3HI B Tio0anpHOM MacmTabe [19]. g KOxuaoro nomyrmapus
Obula MPOW3BEACHA OLCHKAa TPEHIA IOJIOXKEHHS TPONOMNay3bl MO TI'PaiueHTy
030Ha (030HOMAy3bl) W BEPTUKAJIBLHOMY TpAJHEHTy TemmepaTtypsl [49].
Oxkazanoch, yto B mnepuox 1998-2008 rr. B Tpommueckoil 3one HOxHOTrO
nonymapust (0—15° 10. 11.) BbICOTa TPOIONAy3bl YMEHbIIWIACh. B cyOTpomnu-
yeckoii 30H€ (15-25° 10. 111.) pe3ynbTaThl OKa3aJIUCh HEOJHO3HAYHBIMU — 030HO-
naysza HIpOJEMOHCTPHPOBala MOBBIIICHUE, a KIACCHUECKas «TEPMHUYECKAsD)
Tpornornay3a — HOHMKEHHE.

ITo mauubM peanamnza NCEP/NCAR B [50] ycranosiero, uro B FOsxHOM
MONYIIAPHH KoJieOaHHsl BBICOTHI TPOMOIAY3bl ObUIM OOYCIOBIEHBI HE TOJIBKO
aHOMAJIMSIMM TEMIIEpPaTypbl B HIDKHEH crparocdepe, HO TIaBHBIM 00pa3oM
BUXPEBBIM IIEPEHOCOM TEIUIa K MOJIOCY, CBA3aHHBIM C BHUXPSAMH CHHOIITH-
Yyeckoro macitada, u HeajuabaTHuecKuM HarpeBoM. Kak ykaswiBanocs B [28],
u3-3a oxHopogHoctd HOKHOTO monymiapusi TOTOK TeIUia, CBS3aHHBIA C
OapOKIMHHBIMU BUXPSMHU, IPAKTHYECKH HE MEHSETCSI B TEYEHHUE T0/1a, TOCKOJIb-
Ky 37IeCb COXpaHseTCA HAapaBIeHUE MEPUINOHAIBHOIO ITpalueHTa MPU3EMHON
TeMIIepaTypsl BO BCE CE30HbI. BTOpHYHBII MaKCUMyM HAalIPaBJIEHHOTO K ITOJIIOCY
BHUXPEBOT0 MIOTOKA TeIJIa UMEET MECTO Haj Tpornomnay3oi KOxHoro nomymapus
W CBs3aH C OapOKIMHHBIMU BOJIHAMH, HE CHOCOOHBIMH PacCIpOCTPAHHUTHCS
BBICOKO B CTpaTocdepy, aMIUTUTY/Ibl KOTOPBIX OBICTPO Pa3pylIalOTCs B HIKHEH
ctparocdepe.
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HexoTtopsble acniekTbl cBA3M HUPKYJIsiuuu B FOxHOM nmosnymapuun
¢ IMHAMHUKOM cTpaToc¢epHoro 030Ha

OtkpeiTie B 80-X rojax MpOIUIOrO BeKa pPE3KOro yMEHBIIEHHS KOH-
LEHTPAIlMK 030HA HaJl AHTAPKTHJIOM, HA3BAHHOTO «O30HOBOU ABIPOL», OBLIO
3apuKcUpOBaHO B MEPBYIO oOYepenb MO MAAaHHBIM HAa3eMHOW amnmapaTrypbl
(¢dunpTpoBEIX 030HOMETpOB). K Hagamy 1990-x rr. obmiee copep:kaHne 030Ha
10 JaHHBIM U3MEPEHUI HA POCCUMCKUX AHTAPKTUYECKUX CTAHLUAX MUpPHBII 1
Boctok coctasinsiio Becero 70-75 % ot 3Hadennit B nepuon 1975-1980 rr. [11].
C nagamna 2000-x rT. HaOMOJAeTCS TSHISHITHS BO3BPAIIEHHUS BEJIHMYMH 00IIero
COJIep’KaHUsI 030Ha K 3HAUEHHUSIM, XapaKTEepHBIM Ui TEepHoJa, IMpeecT-
BOBABUIETO MOSBICHUIO «030HOBOH JIBIPBD».

Kak oka3anock, OTKpBITHE «O30HOBOM ABIPHD» O3BOIMIIO, KPOME MPOOIIEM,
CBSI3aHHBIX C TYOUTEIbHBIM BO3JEHCTBUEM YIBTPa(HOIECTOBONW paavalvH,
BBISIBUTH JIOBOJBHO HEOXKHIAHHBIH 3¢pdekt. OH Obu1 00HapyKeH B Hauaie
2000-x IT. ¥ COCTOSI BO BIMSHHU PE3KOT0 COKPAILECHHUS OOIIEro COACPIKaHHUs
030Ha Ha LUPKYIALUI BO Bced Tomme Tpomocdepsl IOxHOro mosmymapus
BILUIOTH A0 mNoactunaromei mosepxHocTu [31]. B [24] ykasweiBanock, 4TO
HCTOIIEHUE O30HOBOTO CJI0sI OBIJIO OCHOBHOW IPUYMHON CMEIIEHUS K IOJIOCY
TponocepHOro CTPYHHOro TeueHHs B CpeiHuX MmmpoTax jeroMm HOkHoro
MOJIyIIApHs U TOJIOKUTENILHOTO MHIEKCA 0)KHON KOJBIEBOW MOJBI B KOHILIE
20 Bexa. YMeHbleHHE coiepkaHus o30Ha B 1960—1990-x romax mpuBeno k
3HAUUTEIBHOMY OXJAXICHUIO cTpaTocepbl M3-3a MEHBIIETO KOJIMYECTBA
TEIUIa, BBIJIEISIEMOTO B O30HOBOM CJIOE MPH 3K30TEPMHUUECKHUX peakUusix. ITO
MOBJIEKJIO 32 cO00M OXMaxeHne MoJsipHOM cTpatocdepsl npuMepHo Ha 7 °C,
YTO CIIOCOOCTBOBAJIO YBEINUYEHUIO MEPUIMOHAIILHOIO IPAEHTa TEMIIEPATY Pl
MeXIy AHTapKTHUKOH U cpenHumu muporamu lOkHoro mnomymapus. B
pe3yabTaTe MPOM30LLIO YCHJICHHE 3aMaJHOro CTPAaTOC(HEpHOro CTPYHHOTO
TEUYEHHUS U CJBUT B CTOPOHY moitoca Tporocdeproro CT [29]. Do yTBepx)neHne
HE BCErJa TNOJIEP)KUBAETCS HCCIENOBATENSAMH, OTHAIOMINMU TPHUOPUTET
aTMoc(epHOi TuHaMuKe Haj aTMocepHoi xumuen [3].

[ocne 2001 roga Ha poHe BOCCTaHOBICHHUS 030HOBOT'O CJI0S HAaOM01aeMble
BEJINYHMHBI TPEHIOB TEMIIEPATYPHI B CTpaTocdepe oKazaiuch NpuMepHo Ha 50—
75 % MeHblIIe, 4eM B 3TOXY MCTOIEHUS 030HOBOTO cios [14, 60]. Oxunaercs
[24], uTo B TeueHue nocueayromux S0 JeT BOCCTAaHOBJICHUE 030HA MPAKTHYECKU
HUBENUPYET 3TOT TpeHA. B [51] mpuBoasitca pe3ynbTaTsl SKCIIEPHUMEHTOB C
aHcamOJeM XUMHKO-KIMMaTHYECKUX MOJeNel, KOTOphle YTBEPXkKAAI0T, YTO Ha
3TOM (OHE MPOrHO3UPYEMOE TMOBBIMICHHE BHETPOIMUYECKOW TPOIONay3bl
HO>HOTO Momymapus k KoHIy 21 Beka CyIeCTBEHHO 3aMeIIUTCSI.

Xots d0deKThl, CBS3aHHbIE C «O30HOBOW JBIPOI», B OCHOBHOM
HabmonatoTest BecHol FOxkHoro nonymapus, B [30] ObuI0 ycTaHOBJIEHO, YTO
aHOMaJIMM CTpaToc(EepHOro 030HA, HaONIOaeMble MO3IHEH OCEeHBIO (B Mae),
TaKk)K€ BBI3BIBAIOT pAJUAMOHHOE OXJIAXKIEHHE, paclpOoCTpaHsIoleecs Ha
BEPXHIOIO Tporocdepy, M CIOCOOCTBYIOT HW3MEHEHUSIM B TpomocdepHoi
LUPKYJISLHH.
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3aKkioueHue

[IpoBenenHsIit aHaM3 0coOeHHOCTEN aTMOcdepHOi IUpKyIsnuy KOxHOTO
[OJIyLIapys IPOJAEMOHCTPUPOBAII HEKOTOPHIE €€ OTIIMYUS OT XOPOLIO U3y4€eH-
HBIX MONOOHBIX YepT B CeBepHOM MOJyHIApHUA. DTO KacaeTcsi CTPYKTYphl U
TUHAMHAKH CTPYWHBIX TEUSHHH, a TaKKe OCOOCHHOCTeW (HOpPMHUPOBaHUS U
nedopMaIiy Tpomomnay3sl. Ty cnenu(puKy cieayeT MPUHUMATh BO BHIMaHHUE
HE TOJILKO TpU pa3paboTKe MOCTIPOLIECCHHIa Ha 0a3e BBIXOJHOW MPOIYKINU
moxeneit UIIIl, HO m mpu MomudUKalMd W HACTPOWKE CaMHX TI00AbHBIX
MoOJenen.

IIpexxne Bcero, 3aech He cledyeT MPOM3BOIUTH «3arpyOiieHue» Imara
CEeTKH, TaK KaK BHXpepa3pellaroniasi ClIoCOOHOCTh MOJIENIN OKa3bIBAET BIHMSHUE
Ha HMHTEHCHBHOCTb CTPYHHBIX TEUYECHHUH, ONpeAesieMyl0 IPOLIECCaMu
9HEProoOMEeHa MEXAy BHXPSAMH M 30HAIBHBIM MOTOKOM. HeoOXommMm TOUHBIN
y4eT JbJa B MOAETH — KaK MOPCKOTO, Tak ¥ KOHTHHEHTAIbHOIO, MO0
AQHTAPKTUYECKUN JIENOBBIM LIUT SIBISCTCA OJAHUM U3 ONpelesAonuX HaKkTopoB
nupkysanuu B FOxuaOM nmomymapuu. HeoOxonuma xadecTBeHHas] HACTpOHKa
paauanroHHOro OJ0Ka MOZENH, YUYWUTHIBAIOIIAS HE TOJBKO MOCTYIUICHHE COJ-
HEYHOW paaualyy, HO M €€ B3aUMOJEHCTBHE C O30HOBBIM CJIOEM Hal
AHTapKTHIIOH, TIOCKOJIBKY 3TO OyAET ONPEAEsTh KaK I0JI0KEHUE TPOIIONay3bl,
TaK MU MHTEHCUBHOCTb LUPKYMIIOJSIPHOTO CTPAaTOCHEPHOro BUXPA, PETYIHPY-
IOLIET0, B TOM YHCJIe, IMHAMUKY TPOHOCHEPHBIX CTPYWHBIX TCUCHHH.
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