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ITo maHHBIM peaHaju3a GbLIO MPOBEIEHO HCCIEI0BAHUE MPOCTPAHCTBEHHO-BPEMEHHBIX M3MEHEHUH MepH/Ino-
HAJBHBIX SYeeK IUPKYJSAIIN I CHOUPCKOro cekTopa CeBepHOTo MOTyNIapus U ABYX BPEMEHHBIX HHTEPBAJIOB:
Mepuojia MHTEHCUBHOTO rio6asibHoro motersieHus 1976—1998 rr. m mepuojma 3aMe[JIeHUS TEMIIOB TOTETLIEHIS
1999—2014 rr. BpiasieHo, 4To Hambosee CyIlecTBeHHBble HM3MeHEHHd HaOTIOMAOTCS B 3UMHHUII Ce30H B Havale
XXI B.: mpOM30ILTO TOYTH TIOJHOE HCYe3HOBEHIe IMOJIAPHOI S4YeilKN M yBeJmueHHe NHTEeHCUBHOCTH gueek X3
u Deppena. [lomyuens 1 npoaHAIN3UPOBAHBI TEHIEHIINN U3MEHEHUN a/IBEKTUBHBIX M BUXPEBBIX MePUINOHATBHBIX
MOTOKOB TeILTa, a TakKe UX CBA3b ¢ (DYHKIIMEHl ToKa. Y CTaHOBJIEHO, UTO B IEPUO]| OCTA0IeHHS TIpollecca ri1o0aib-
HOTO TIOTEIJIEHNUSI BO BCe MecsIbl Hab/IojaeTcsl yBeJnueHe MHTeHCHBHOCTH U KOJIMUeCTBA 1[eHTPOB BUXPEBOIl IIUp-
KYJISILIUY, YTO IIPUBOJUT K PA3BUTHIO MEPUIMOHAIBHON HUPKYJAINN, YCUJIEHHIO IIPOIeccoB OJIOKUPOBAHUS U, KaK
cJeJcTBUe, K YMEeHbIIeHUI0 MepUINOHAJIbHOTO MIPUTOKA Tellsla B cubupckoM cekrope B Havaste XXI B.

Knwouesvie crosa: saefiku NUPKYJISAINN, MEPUANOHATbHAS IUPKYJIAIIS, TOTOKU TelJia, CHOGHPCKUil CeKTop;
circulation cells, meridional circulation, heat fluxes, Siberian sector.

Bseaenne

O61mas MUpKyJIAIsa atMocdepbl — OJIMH U3 BaK-
HeNMMX KJANMATOOOpa3yiomux (HakTopoB, TaK Kak
MPUBOANUT K MEPEHOCY BellecTBA M SHEPTUH B ITHPOT-
HOM ¥ MepUAMOHAJBHOM HampaBJeHusX. [J106aJIbHbIMI
a7eMeHTaMH aTMOC(hEpPHON UPKYJIAIIH SIBJISIOTCS TaK
Ha3bIBaeMble IMUPKYJIAIHMOHHbIe sueiiku [1—4]. [Tnane-
TapHOE BpallleHne 3eMJIH, C Y4eTOM HepaBHOMEPHOTO
HarpeBa TOBEPXHOCTH, MPHUBOAUT K Pa3BUTHIO TPEX
MepPUIMOHANBHBIX sTYeeK B KayKIOM MHOJyIIapuu: Xaj-
mu (SIX) u Meppesa (SID) B TPONMYIECKNX U yMEPEH-
HBIX IIMPOTAaX COOTBETCTBEHHO W MOJSPHON sTueiikn
(I11) B BBICOKMX mmpoTax. OO6liee IpeaCTaBICHHE
MepUANOHATBHON IMPKYJIAINE B 3THX SYeifkaX MOKET
MEHSITBCSI B 3aBHCHMOCTH OT C€30HA Tojla, paciipejesie-
HUSI UCTOYHWMKOB TeIlJIa Ha MOBEPXHOCTH, 0COOEHHOCTEN
IEHTPOB JleficTBust atMocdepbl U APYruX (aKTOPOB.
B BocTouHBIX paiionax ATjaHTHYeckoro u Tuxoro okea-
HOB sTYeliKM MeHee MOIIHBIE, TIPU 3TOM B ATJIaHTHKe
oun pocturaioT BbicoTbl 700 rlla, a B Tuxom okeane —
no 300 rlla [5, 6], uTo cBg3aHO TaK’)Ke C PACTIOIOKe-
HIEM U MHTEHCUBHOCTBIO CyOTPOIUYECKOTO U CYOTIOJISP-
HOTO CTPYIHBIX TeueHUl B BepxHell Tpomocdepe [7].

B pszge pa6ot [8, 9] mokasano, 4TO T/I06ajbHOE
MOTeIVIEHNEe CYIIECTBEHHO BJIMSIET Ha WHTEHCHBHOCTH
MepUMOHANBHBIX siueek. B TociefHue AecsTHIeTHs
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B 060WX TOJyNIIapugaX HaOToJaeTcss yBeJIWdeHUe WH-
TeHCUBHOCTH $1X, WX pacIHiipeHne W cMelleHe TPaHMUII
Ha 2—5° K TOJIOCY, YTO COMPOBOKIAeTCSI (hOPMUPOBA-
HHeM 3aCyNIUBBIX 30H Mexay 30° c.m. u 30° 1o.m.
U pasBuTHEM TJIyO6OKHX GapoKJIWHHBIX Buxpeir [10].
Hanpumep, 3a 1979—2009 rr. B 3uMHMIT TIepUOJT CKO-
pocthb cMentenns AX k rory Hax Adpukoii, Okeanueii,
a Tak)Ke B 3allaJ{HOI M IIEHTpasIbHON dYacTaxX Tuxoro
okeaHa coctaBuia 1°/tox, mpum stoM Hax [OskHOI
AMepukoil u B ATJIaHTHKe ee HMHTEHCHUBHOCTb YCHJIM-
jJach Ha 1—5% [11].

COBMECTHO € KJINMATHYECKUMU H3MEHEHUSIMH Me-
HSeTCS U CTeNleHb BIUSHUS BUXPEBOTO MOTOKA YTJIOBO-
ro MOMeHTa Ha MHTeHCHBHOCTH X ¢ MaKcHMaJIbHBIM
BIugHIEM B XoJoaHoM kiuMmate [10]. Kpome atoro, Ha
MHTEHCUBHOCTD B/INSET HeJIHMHeHHas aJBeKI[s MOMEeH-
Ta cpelHell MepHUINOHANBHON IUPKYJAINN, KOTOPas
JlaeT CYIeCTBEHHBIN BKJIaJ B GalaHC 30HAJTBHOTO MO-
MeHTa BepxHeil BetBu X jnerom [12]. CormacHo pe-
gyspTataM pabotel [13] ocrabrenne 14 3a cyer more-
TJIEHNS B BBICOKMX MIMPOTaxX u cMelienne kK CeBepHO-
My mosocy X B yca0BUAX TI06ATBHOTO TOTETIEHWS
B konile 1980-x rr. co3ganu 6/1arOMPUSATHBIE YCJIOBUS
s uHTeHcuduKamu u pacimupenus D B cTOpoHy
oJIfoca B 3MMHIE MeCSIIbI.

Adefiky  IUPKYJAIUU  BHOCAT — CYIIeCTBEHHbINH
BKJIAJ] B 9HepreTndeckuii 3amac atMocdepsl [14]. Tep-
MoguHaMuueckad addekTuBHOCTL AX Kak TeII0BOTO
nsurartesig 3a 1979—2010 rr. ocraBajach OTHOCUTEIBHO
noctoguHoit. B pabore [15] mokasaHo, YTO JieTOM
B CeBepHOM MOJIyIIapUN BJNSHHE MepUANOHAILHOTO
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mepeHoca Ha 6alaHC KMHETHYeCKOil dHepTHN HeBEJIKO,
OJHAKO 3UMOI OHO Bo3pacTraeT. JJOMHHUPYIOUIYIO POJIb
B IlepeHOce HEPTUU K TOJIOCY MepPUAMOHAIbHAS IIP-
KyJiiust urpaet B paiione 30° c.ii., B TO BpeMsl Kak
B 6ojlee BBICOKHX IIMPOTaX TJIaBHAS POJb OTBOIUTCS
KPYMTHOMACIITAOHBIM 30HAJTBHBIM BUXPAM. l3MeHeHme
B IlepeHoce dHEPTUU TPUBOANT K U3MEHEHUIO0 Mepu-
JINOHAJIBHOTO TPAHCIIOPTA MACChl, KOTOPbIN OIleHNBAET-
cs1 To TepeHocy (GyHKIMIT Toka [2]. PexuM 1upkyJis-
I[NV, CBSI3aHHDBI € U3MEHEHUSIMU IOTEHIIMATbHOI
9HEPTHU BO BHETPONNYECKUX M apKTHYECKUX IMNPOTaX,
npogsisgercs B murpanmun Ad Ha ceBep, IpHUBOAA
K (opMUpOBaHWIO AaHOMATHHO TETIBIX YCJOBHUII B BBI-
COKMX MmmpoTax EBpazum u aHOMAIbHO XOJOIHBIX
B I'pensanguu, CeBepo-Bocrounoii Adpuke u ioro-
3ara/iHoil yactu Kuras.

3MeHeHNe PACTIONOKEHNS W NHTEHCHBHOCTH sT4e-
€K MepHINOHATbHOI IMPKYJIAINN CBS3BIBAIOT C Pas-
JUYHBIMI TIpolleccaMmul. llpeamomaraercs, 49To 3a oC-
Jabnenne u pacmupenne X ¥ cMeleHWe Ha TOJIOC
AD MoxeT O6BITH OTBETCTBEHHA COJHEYHAS] aKTUBHOCTH
[16]. B pa6ote [5] oTMeuaeTcss JAOCTaTOUYHO BBICOKAS
cBsasb (koadpunment xoppessauun 0,67) Mexay ycu-
genneM X W peKUMOM TeMITepaTypbl TTOBEPXHOCTH
OKeaHa B JKBAaTOPHANbHON 30He ATJIaHTHYECKOTO
okeana. Takske ycuienue cucteMbl AD un AX cBA3bI-
BalOT € KPYyHNHOMACHITAGHBIMU TIpolleccaMu aTMocdep-
HOIl IMPKYJSAIUN, a UMEHHO ¢ BbICOKOIl (asoii Cese-
po-ATJaHTHYECKOTO KoJebaHus u IJib-HuHbo, mepuo-
aMHI CHJIbHOTO OGJIOKMpPOBaHUA Ha 3amajfe Tmuxoro
oKeaHa B 3UMHHIT epuos [6].

TakuM o6pa3oM, B OGOJIBIIMHCTBE PabOT IPOBO-
UTCST  MCCTIEIOBAHUE XapaKTEePHUCTHK sYeeK TPOTIo-
chepHOll TIUPKYJIAINKN U UX U3MeHEHUil B cucreMe 06-
et UPKyIAnun atMocgepbl, OJHAKO TNPH 3TOM He
paccMaTpuBaeTcs WX CBA3b € U3MEHEHHEM pPerHoHaThb-
HBIX [UPKYJIAIMOHHBIX MeXaHW3MOB, BJUAONNX Ha
U3MEeHYNBOCTh KJINMATUYeCKNX BeJTWYnH. B To ke Bpe-
MsI, Kak ObLTO MoKazaHo B [17] mpm ommcanum KanMa-
tTa perumoHa 3amagHoii Cubupu, MpenCTaBIISIONIETO
co60il OTpaHWYEeHHYI0 TEPPHUTOPHIO, BEJMYNHBI BKJA-
JIOB  PAUAIMOHHBIX U THPKYJIIIIOHHBIX (PaKTOPOB
B M3MEHYHMBOCTH TeMIepaTyphl MpUMepHO paBHBI. [lo-
3TOMY IeJIbI0 JaHHOH paboTbl ABUJIOCH HCCJIe[0BAHUE
BpEMEHHBIX HU3MEHEHUil XapaKTepPHUCTHK SYeeK MepH-
JINOHATBHOIT IUPKYJISIMU B Tporocdepe U MX BIIMSHUS
Ha MepH/JINOHATbHbIE TOTOKM TeIsa Ha TEepPPUTOPUN
Cubupn B TocJIeHIE TeCATIICTHS.

NUcxoanpie manHbie
M MeTO/Ibl UCCJIeJOBAaHUS

PacueTbl TIPOBOJMINCH HE TOJBKO IS TepPPHTO-
pun 3amajHoit CHOUPH, HO U IS BCEro CUGHPCKOTO
cektopa CeBepHOro  TIOJyIIApHs, OTPAHHYEHHOTO
60°B.1. (x9) u 120°B.1. (xy) Ha 3amajze U BOCTOKe
COOTBETCTBEHHO. PaccumMThIBAINCh KaK CpeJHHe 3Haue-
HHSA, TaK U OLEHKM (JIyKTyaluii BeJMYHH TeOlOTeH-
muana H, temnepaTypbl T 1 KOMIIOHEHT CKOPOCTH BeT-
pa B M306apHuecKNX KoopjAmHaTax (30HaabHOI u, Me-

PUANOHAIBLHOH © U BepTUKaIbHOH ®). Panee B [18]
6BLIO TIOKa3aHO, YTO (QYHKIIUU TOKA, PACCUYUTAHHBIE TI0
JIAHHBIM PEaHAJIN30B U C TOMOIIBIO METOJOB MOJIeJIN-
poBaHUsI, UMeIOT 00lllee KauyecTBEHHOe corjacue. 3Ha-
YUMble pasJndnsl HaGJII0JaTiCh B CE30HHBIX OIleHKaX
WHTEHCUBHOCTH U TEH/EHITNAX HEKOTOPBIX TapaMeT-
poB. IloaToMy B pamMKax AaHHOW paGOTHI B KauecTBe
UCXO/HBIX [TAHHBIX MCIIOJb30BATICH [JaHHbIE PeaHaJ-
3a JRA-55 [19] ¢ rTopH30HTaJBHBIM pa3pelleHneM
1,25° x 1,25° u 1maroM mo BpeMeHu 6 4 Ha 23 u3zoba-
pudeckux ypoBHax c¢ 1000 mo 200 rlla 3a nepuon
1976—2014 1r.

Cormacno [2] rmo6anbHas, Win cpeaHe30HATbHAS,
(QYHKINSA TOKa MEPHU/IMOHATBHOTO MacCcoTlepeHoca ¢ ydie-
TOM TH/IPOCTATUYECKOTO TIPHOJIIKEHUST OTIPEIENISIeTCsT Kak

o p
1 o(x,y,p,t)
b Y = 1
(v,p) — ;llcﬁ! P dp'dxdt, (1)
0

rae x, y, t, p, g — J0JTOTa, MINPOTA, BpeMs, JaBJjeHne
U YCKOpeHHWe CBOGOJHOTO TaJeHUsI COOTBETCTBEHHO.
Hampasienuio Ha ceBep COOTBETCTBYeT ycioBue v > 0.
JlIst cekTopa, OrpaHUYeHHOTo Xy U Xg, Bbipaxkernue (1)
MOXKeT GBITh 3aliCcaHo CJAeTyIoNM 06pa3oM:

txp
1 o(x,y,p0t)
Y(y,p) = dp’dxdt. 2
(y.p) (t1—t0).”.[ ; p'dx (2)

thxo 0

B manHoii pa6ore 10 BbIpaxkeHuto (2) Oburn T0-
JIy4eHBl CpeHeMeCsSYHble ¥ CpeJHEero/I0Bble OIeHKH
Beauunnbl GyHkuuu toka W(y,x) u ee Buxpesoil co-
crapnmionteil ¥ (y,%) Kak B H306apHUeCcKHX KOOP/IH-
HaTaX, Tak U B paMKaX 3HEPTeTHYecKOro mojaxoja [2].
AHaM3 TIPOBOJIUIICS IS IBYX BPEMEHHBIX MHTEPBAJIOB!
B II€pUOJI UHTEHCHBHOTO TJOGAJBHOTO MOTEIICHNS
¢ 1976 o 1998 rr. u B nepuo/l 3aMe/lJIeHUS] TEMIIOB T10-
TeTJIeHNd B cpefHuX mmpoTax ¢ 1999 mo 2014 r. [20].

Jlist aTHX Ke yCJI0BHil Gblia NpoBe/leHa OleHKa
a/IBEKTUBHBIX U BUXPEBBIX MOTOKOB TeILId, PACCUUTHI-
BaeMbIX Kak ¢ =-VVQ u g =-V'VQ  coorsercr-
BeHHO. 3/1ecb V — cKOpocTb BeTpa; Q — Teriocojep-
JKaHHe cJost atMocdepbl; CHMBOJIOM <«*» 0003HaUYeHO
OTKJIOHEHHUE OT Cpe/iHeil BeIIYIHBDI.

BoisBienne o6sacteil cymiecTBOBAHUS U3IHTPOTIN-
YeCKHUX IPOIECCOB, a TakKe o6JacTu TpaHchopMamun
9Hepruu yjo6Hee MPOBOAUTH He B M306apUYECKUX KO-
OpJMHATAX, IOITOMY HPH pellleHn: MOA0GHBIX 3aad
MPOBOIUIICA pacdeT (PYHKIMH TOKa B 06OGIIEHHBIX
koopannarax (). Hampumep, npu paccMOTpeHHN
aanabaTHIecKnx IMPOIECCOB B CYXOM U BJIASKHOM BO3-
nyxe B [2] mpoBoasATcA TOCTpoeHMS B KOOPAWHATAX,
KOTOpbIE TIO3BOJISIIOT CJIEJIUTH 32 BBIMOJHEHUEM YCJIO-
BHsI COXPAHEHUsI CTaTHYECKO SHEPTUU CYXOTO BO3/yXa
u ckpbItoro Temna: x =c,l +gz u x=Ls, tae ¢, —
TEIIOEMKOCTb; [ — Temiota mapoobpa3oBaHus; S —
yaedbHasd BIQKHOCTD, z — BbicoTa [2]. [l atoii menan
B Bbipaxkenne (2) BBOAWJIACH €JMHUYHAS IITaroBast
bynkuus  p(x(p)-x) (W — dynkuus Xesucaiiga)
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7 TPOBOMJIOCH WHTETPUPOBAHIE MO BCEMY CTOJIOY aT-
mMocdepsl B 3azanHoM uanaszone (y). IloJydeHmbie
orenkn ¢yukunu toka W(y,x) B [2] momorim ompe-
JIeJTUTh  0o6JacTi  TipeoOpa3oBaHuil sHepruu 1 6oJiee
YeTKO BBIAEJUTD SYEHKH IIHPKYJISINN.

ATMocdepHas NTHPKYJSAIHI Pa3JINIHBIX MaCIITa-
60B MO’KeT TPUBOAWTH K PasHOMY BKJIAAy B OOIILyTO
JUHAMUKY BO3HWKAIONINX BO3MYIIEHHI, TO3TOMY /IS
pacdeta BHUXDPEBOH cocTaBsgioniell (YHKIUH TOKa
¥'(y,%) HMCIONB30BATICH 3HAYEHHS KOMIIOHEHT, OIII-
coiBaiolmux arMocdepHyio (MeTeopoJIOrniecKyio) us3-
MEHYNBOCTh PA3HBIX BPEMEHHBIX W TPOCTPAHCTBEHHBIX
Macmtab6oB [21]: cuHONTHYeCKWe — ¢ TIEPHOAOM 2—
7 CyT W 30HAJBHBIM BOJHOBBIM umcioM 6 < k <9 (un-
KJIOHBI ¥ aHTUIMKJIOHBI), U HU3KOYACTOTHBIE — C Bpe-
MeHHbIMU MaciTabamu 10—30 cyT U BOJTHOBBIM YHCJIOM
4 <k <6 (Gaokupyolle aHTUIUKIOHDBI). Besjnuuna
M3MEHYNBOCTH MeTEeOPOJIOTHYECKOH BETMIYNHBI COOTBET-
CTByIOIIETO Maciitaba OIpeessiach ¢ TOMOIIBIO TIO-
JIOCOBOTO YacTOTHOTO (GuiabTpa ¢ ociabaeHnem 25 n1b
B HH3KOYaCTOTHOII 1moJjioce morjomenus u 40 1b B BbI-
COKOYacTOTHOIT o6acTi. OH OCHOBaH Ha HEPEKYPCHB-
HOM (PUIBTPe ¢ KOHEYHOI MMITYyJIbCHON XapaKTepUCTH-
KOil, HCIOJBb3YIONUM BecoBoe OKHO XeMMuHra. /lisa
YCTpaHeHUus TOCTOSHHOTO (ha30BOTO CABUTA OT(UIBT-
pPOBaHHbBIE JIAHHbBIE TIPOITYCKAINUCH Yepe3 (PUIbTp B MpH-
MOM 1 06paTHOM HaIpaBJIEHUSX.

Jl7ist omipe/ieleHNsT CUJIBI CBSI3U MEKIYy BPEMEHHDI-
MU pSAJaMH PaCCYUTBIBAINCH K03 UINEHTBI Koppe-
garmn [Tupcona. CraTuctudeckass 3HAYUMOCTD TIOJY-
YEeHHBIX OIEHOK OMNpeIesajach IO JIBYCTOPOHHEMY
t-tecty HyJieBoii Tunote3nt ¢ o = 0,05 [22].

O6cy:kenne pe3yabTaToB

Kax 6p110 0TMeUeHO B TIpebIAyIeM pasfeste, I
cubupckoro cekropa CeBepHOTO MOJIYIIAPHS PACCUH-
TBIBAJIICH CPeHEMEeCTIHble W CpPEeTHET0/IOBbIe OIeHKH
dyurmmn torka W(y,p), Ha OCHOBe KOTOPBIX TPOBO-
JIMJICS aHAIN3 MPOCTPAHCTBEHHO-BPEMEHHBIX HU3MeHe-
HOH TMPKYJAIMIOHHBIX S4YeeK I IBYX BpPeMEHHBIX
unrepBasioB: 1976—1998 u 1999—2014 rr. Crour ot-
MeTHTb, 9YTO pacIpejesieHle CPeTHETOJOBBIX OIIEHOK
Y(y,p) B cUGHPCKOM CEKTODE MOBTOPSIET TEHIECHIINN
pacmpeniesienns 9TuxX BejgnunH B CeBepHOM TOJIyIIIA-
pHH, TONTyYeHHBIX B pabore [2].

Ha mocTpoeHHBIX KapTax pacIpe/eseHuii BeJsi-
YHBI (YHKIUMH TOKA MO MEePHINOHATHHBIM CeYeHUSM
B OT/JeJIbHbIE MeCSIIbl JOCTAaTOYHO OTYETJIMBO BBIEJIS-
10TCa Be sueliku TpomnocdepHoit mupkymgaimn — AX
n D (puc. 1). XapakrepHoli a1 onpemeseHns Io-
JIO’KEHUST TpaHull siueek Obuta B3sTa u3ouuaus 30 Cs

(1 CB (cBepapyn) = 10° M®/c). Ee Bemmumna 6amska
K HCTOTIb3yeMoil B [2] 11 BbIAeseHNS TPaHUI] STYeeK.
Hawmenbirag BesmunHa B 15 CB coBIaiaeT ¢ TOTpeli-
HOCTBbIO Bbruncienunii. Illkama omnpezpessger auanazoH
U3MeHeH!s WHTEHCUBHOCTH COOTBETCTBYIONMINX TIOTO-
KOB. 3HaueHUs HHTEHCUBHOCTH TaKyKe HaHeCeHbl Ha
kapry (puc. 1).

CTOUT OTMETUTH, YTO MUPKYyJIAnug AMD mpakTuie-
CKH TIOJTHOCTBIO OXBATBIBAe€T TEPPUTOPHUIO 3araHoi

Cubupn. IIS1 BblaenseTcss JHIIb B 3WUMHHE MeCSIIbI
MepBOTO BpeMeHHOTO WHTepBaja. A y:Ke B Hadase
XXI B. mpoucxoaut cyllecTBeHHOe yMeHblIeHle ee
nHTeHcHBHOCTH Ha 15 CB, T.e. TIOYTH TIOJTHOE MCYE3HO-
Berne [Id. B amBape 1999—2014 rr. nabmomaeTca
Takyke yBesndenne wHTeHcHBHOCcTH AX u AD, mpu
aToM ceBepHas TrpaHuna AMd caBuHyjsach Ha ~3°
B HAIpaBJIEeHWU TOJIOCA U Ha ~1° B cpenHeM 3a 3WM-
HUll ce30H. JIeToM MPOMCXOAUT YMeHbIleHUe WHTeH-
cuBHocTu 1upkyJjsauun Ha ~10 CB, caBur ceBepHOii
rpanuubl @ B HalpaBlIeHUM dKBaTOpa Ha ~7°, a ce-
BepHoii rpanuibl AD Ha 0,5° B MPOTUBOIOJOKHOM
HampasyieHnn; IS, xak yke OBLTO OTMEYeHO, He BBI-
nengercs. ORHAKO 3HAYNMBIX H3MEHEHHIT MeCTOTOJIO-
JKeHHUsl M MHTeHCHBHOCTH gYeek B Hadasne XXI B. He
o6Hapy:xkero. Anamus W(y,x) Nokasan, 4To B 3UMHHE
MecdIbl 06J1acTh TTOTOKA BJISKHOTO BO3/YXA, JBIDKY-
merocsd B TIOJNSPHOM HAIPABIEHUNU, TIePEMECTUIACH
aHagornyao Ad. Obaactn TpaHchopMannu 3HePrun
IOTOKOB 3uMoii npuxozaarcs Ha M u ux pasmepsl 3a
mocsaeHee BpeMs YBEJNYIINCh HA CeBEPHOIN U I0XKHOM
rpannmax. JletoM TpaHcdopMalys 3HeprUN B TOTOKAX
mponcxoauT B obsactu AX u 1o:xHOI actn AD.

[l1s1 Toro YTOGBI ONpeeNTh N3MEHYHBOCTD ATMO-
cepHBIX MPOIECCOB CHHONTHYECKOTO W HU3KOYACTOT-
HOTO MacmTaboB W WX BKJAJ B OOIIYIO IUHAMUKY Mepu-
MMOHAJIBHBIX SYeeK, PACcCUYNTHIBATNCH BUXpPeBBbIE (DYHK-
uwmn toka ¥ (y,p) (em. puc. 1, @, 6). V3-3a pasmbx
3HAUEHWUH BOJIHOBBIX YHCEJ I KaXkIOro Maciiraba
B 30HAX d9eek aTMocQepHOil INMPKYIAINH pacloyara-
I0TCS HECKOJIbKO IIEHTPOB BHUXpell ¢ pa3HbIM HalpaB-
JeHneM Bpailenus. Haubosblliee KOJTHMYECTBO BUXpeil
o0pa3yercsl Ha CHHONTHYECKOM MaciiTabe B 06JacTH
AD B nione, upu aroM B nepuox 1999—2014 rr. aror
mpoliecc yCuauicsl. Dbl mpoBesieH Takske aHATH3 pac-
pejie/leHnsl BUXPEBOH KOMIIOHEHTBI ©° CHHONTHYECKOI
usmenuuBoctn (CU) B Tponocdepe cHOUPCKOTO CEKTO-
pa (He TPUBOAMTCA), KOTOPBIH BBIABHI CJELYIONIHE
ocobennoctu. B sguBape B Havame XXI B. B BepxHeii
Tponocdepe TmoJaApHOI obaactu, Tae v < 0 (Mepuuo-
HaJbHBIA TepeHoC HalpaBJeH B CTOPOHY 9KBaTopa),
3HaueHue |o| yMeHbmmaoch B 2 pasa, 30Ha IepeHoca
B TIOJIIPHOM HANpaBJIEHNN paclrumpuiachk a0 66° c.i.,
a Ha tore sarponyna SX. Ilpum stoM Bo Bce MecSIIbI
Hab6JII0/1aeTCsl yBeJnueHe MHTEHCUBHOCTH W KOJIUYeCT-
Ba IIEHTPOB BUXPEBOIl MUPKYJIAINN; B pacmpe/eSeHnn
Buxpesoii Gynkimn Toka ¥ (3, p) Bo Beeil Tpomocepe
HAaYMHAeT MPOCMATPUBATBCS PEryJsipHasi BOJHOBas
crpykrypa (cMm. puc. 1, 6). BbisBjeHHbIe 3aKOHOMED-
HOCTH B W3MeHEHHW WHTEHCUBHOCTH W PACIIOJIOKEHUS
IIEHTPOB BHUXPEBON aKTUBHOCTH B TEPBYIO OUYepeb
TOBOPSIT O Pa3BUTHU MEPUANOHATBHBIX (hOPM IHPKYJIsI-
mnn B 1999—2014 rr. K ToMy ke COBMeCTHDBIN aHAJIN3
pacripesieenii W (y, p) U KOMIOHeHTs! ©° B TpOTO-
chepe cubmpckoro cekropa B Havyase XXI B. BBIABHI
HaJM4yle MOXO0XKell CTPYKTYpbI [JIi HU3KOYaCTOTHOM
usmenuuBoctn ~ (HM)  atMocdepHoro  mepenoca
(puc. 1, ), 4to roBopuT 06 YCUJEHUH IPOILECCOB 6JI0-
KIPOBaHUs, KOTOpble, KaK IMPaBIIo, HaOII0AA0TCI
[IPU Pa3BUTUN MePUAMOHAIBLHOU ITUPKYJISAIIUN.
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Puc. 1. Cpennerozosbie ouenku dyukimu toka V(y, p): @ — cpeaunit notok, CB; 6 — TOTOK CHHONTHYECKOH M3MEHYMBOCTH,
MCB; 6 — IIOTOK HU3KOYAacTOTHOH n3MeHunBocti, MCB. JleBag maneab — 1976—1998 rr., npaBas naneap — 1999—2014 rr.

Jlna pacueta W3MeHeHW WHTEHCUBHOCTH a/[BEK-
THUBHBIX (¢ M BUXPEBBIX q* MOTOKOB 110 MOJYJISIM WX
3HAYEHUN I KaKJOTO Mecsla j OIpeessiiuch cJe-
ayione BesmunHbl (N — KOJMYeCTBO JIeT B 3aJaHHOM
BpPEMEHHOM HHTEpBaJIe):

NIEE :
M(yp.J) =+ D lawp i),

t=1

Am(p, j) = med{M (y,p, j), - M(y,p,J)}. (3

PasHocTb Meky 3HAUEHHSIMH, PACCUNTAHHBIMU
JUIST JIBYX BPeMEHHbBIX uHTepBasos M(y,p,j), asusercs
a(b@eKTHBHOI OIeHKOI M3MeHeHNIT MHTeHCHBHOCTEN IO-
TokOB Am. Mnpexcamu 1 n 2 B (3) o6o3Ha4ueHbI HOMepa
BpeMeHHbIX HHTepBasoB 1976—1998 u 1999—-2014 rr.
COOTBETCTBEHHO. Me/anbl paciipe/iesieHuil HCI0Ib30-
BAJIHCh JUISL TOTO, 4YTOGBI M30esKaTbh BJIUSHUSI aHOMAa-

Juil, BO3HHUKAIONINX, KaK ITIPABUJIO, B OTPaHMYEHHOM
paiione mosoca. Ha pue. 2 mpeacraBieHbl 6e3pasMep-
Hble BeJMYNHBI WHTEHCUBHOCTH TIOTOKOB, TMOJyYeHHbIe
yTeM HOPMUPOBKH Ha MaKCHUMaJTbHOE 3HAYeHNe pac-
npegenenus Am(p, j). W3 amamusa puc. 2 ciaemyer,
YTO BeJIMYWHBI Am /IS aJIBEKTUBBIX TIOTOKOB ¢ B Ile-
JIOM OTpHIlaTeIbHble, T.e. B nepuoa ¢ 1999 mo 2014 r.
UHTEHCUBHOCTb ~ MEpPUAMOHAIBHBIX  IIOTOKOB  TeTlIa
B CHOWPCKOM CEKTOpe YMeHBIMIach. Bemmanunr Am,
paccunmTaHHble /18 BUXPEBBIX MOTOKoB ¢ CIU, mMeioT
aHAJOTUYHYIO TeHJeHnuo, a nasi1 HU Tengenuuss o6-
paTHas — HaGJIO/laeTcsl HAJINYNe YeTKHX MaKCHUMyMOB
B MOJIOJKUTENbHOI o6macTn 3Havennit. TakuM o6pasoM,
yBeJMUeHne WHTEHCUBHOCTH TOTOKOB Temia aas HU
CBUJIETEJIBCTBYET 06 YCHJIEHHH TPOIECCOB OJIOKHPOBA-
HUS MepPU/IMOHAIBHOTO TepeHoca (aHTHIMKIOHIIeCKO
IUPKYJIAIMN) B 3UMHIE MecsIlbl B cpejiHell Tporocde-
pe (800—400 rlla), a JeToM U OCEHbIO — B BepxHeil
Tporocdepe.
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Puc. 2. Ce30oHHbIE M3MEHEHUS OLEHOK MHTEHCHUBHOCTU IIOTO-
KOB Tellna: d — aI[BeKTHBHbeI IIOTOK; 6 — BHXpeBOﬁ IIOTOK
CHHOINTUYECKOI M3MEHYMBOCTH; 6 — BHUXPEBOH MOTOK HHU3KO-
YaCTOTHOH M3MEHUYNBOCTH

MepunoHanbHagd LUPKYJIAIISA OTBeYaeT 32 MesK-
MIMPOTHBIN TIepEeHOC TeIia W BJIATU, II0ITOMY OHa Oy-
JleT OKa3bIBaTh BJIMSHIE HAa XapaKTepUCTHKU aTMO-
chepHOll TIUPKYJIAINE pernoHaIbHOTO Maciitaba. [lis
BBISBJIEHMS CBSI3U  MeXKAy sYelikaMi LUPKYJISIUU
1 IOTOKaMU TellJla B KaXK/IOM y3Jle peaHaJu3a B TPOIIO-
cepe CcHOMPCKOTO CeKTOpa /IS [JBYX BBIOPAHHBIX

BPEMEHHBIX WHTEPBAJOB PACCUYUTHIBAINCH KOBAPHAIHH
7 K03 HUIMEHTBI KOPPETATIN.

O6macti ¢ HauOOJBIINMU IO BeJINYNHE 3HaUYe-
HusaMu koadduinentos koppeasiu (7] > 0,5) npuxo-
a4Tcd Ha guefiku nmpkyJagiuu. B mepuox 1999—
2014 rr. B cpeaHeM 3a roq B paitone D Habmo1a710Ch
cokpateHne o6JIacTH 3HAYUMBIX K03(D(UINEHTOB KOp-
pelluM 1 OJHOBpeMeHHO yBeamdenue [ mo ~ 0,8
B 1ieatpe AMD u Ha Tpanuie ¢ AX, a Takike yMeHbIIe-
nue || mo 0,25 unu orcyrersue casu B SIX (puc. 3).
[Tpu 5TOM B 3UMHUE MecCSIbl HaOI0IaeTca ocaabieHne
cpsasu B SID Bo Beeit Tponocdepe u ysendenue |r| Ha
rpatnie AD u AX (30° c.ur.). JIeToM cyllecTBEHHBIX
U3MEeHEHUN B TMOJIOKEHUW W MHTEHCHBHOCTH SYeeK He
TTPOU3OIILTO.
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Puc. 3. CpeznHerojoBble OIleHKH K03((DUINEHTOB KOppess-
man 7 yHKimn toka W(y, ) ¥ MepHIMOHATBHOTO ITOTOKA
temna ¢ (Hanpasienne Ha Togioc): ¢ — 3a 1976—1998 tr.;
6 — 3a 1999—2014 rr.

AHaJIoTHYHbIe BBIBOJBI MOXKHO ClleJIaTh U /IS 00-
Jacreil koBapuaiuii. /[ yao6cTBa aHAIM3a OIEHKH
KoBapuaiun ObLIM HOPMHPOBAHBI Ha MaKCHMaJbHOE
3Ha4YeHNe, B pe3yJibTaTe 4ero GbLIN HOJIydeHbI Ge3pas-
MepHble BeJIMYUHbBI. [Ipu 3TOM aHaiu3 cpeHero0BbIX
OIIEHOK KOBapualluii COCTaBJISIONINX MePUINOHAIBHOTO
[IOTOKA TeIlJIa, HallPpaBJeHHOIO Ha II0JIIC, B IIepUOJ
1976—1998 rr. BBIABUJ OTpHUIIATEJbHYIO CBI3b C U3Me-
HeHHeM TeMIlepaTypbl B Tpomocdepe OT 45° C.II. [0
75° c.u1. u 6GoJiee OGIIMPHYIO IMOJIOKUTENbHYIO C H3Me-
HeHueM CcKopocTu BeTpa. Bo BTOpOM BpeMeHHOM HH-
tepBasie 1999—2014 rr. o6acTh MaKCHMaJbHBIX 3HA-
4YeHUii KoBapuallMii, Kak ¢ TeMIepaTypoif, Tak U C Be-
JINYMHON CKOPOCTU BeTpa, CTAHOBUTCSI OoJiee Y3KOit
(45°—60° c.u1.) u cMelaercst K 0Ty, TIpH 3TOM 06pasy-
ercsl BTopoil MakcuMyM B paifone 30° c.m. YUto kaca-
eTcd cpeJHeMecSYHBIX OIfeHOK KoBapualuii, To B Ha-
yane XXI B. B 3uMHUE MecdIilbl KOBapUAIMOHHAS CBI3b
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ocjaGeBaer, a OJHOPOJHOCTb €€ IMPOCTPAHCTBEHHOTO
paciipezieJieHUsI HapylraeTcss — Ha TPaHUIAaX sdeeK
MOABIAIOTCA  000c0o0/IeHHbIe  00JIaCTH  MaKCHMaJlb-
HbIX,/ MUHUMAJIbHBIX 3HadeHnii (puc. 4).
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Puc. 4. Kosapuaruu ¢yukumu toka W(y, x) 1 MepuanOHATb-
HOTO TIOTOKA TeIIa ¢, HATIPABJIEHHOTO Ha MOJTIOC B SIHBape:
a — 1976—1998 rr.; 6 — 1999—2014 rr.

[TosryyerHbIE OCOGEHHOCTH B pacIpefieJIeHUN KO-
3 UINEHTOB KOPPeJIAINN M KOBApUAIIl YKa3bIBAIOT
Ha pa3BUTHEe MePUANOHATBHBIX (OPM IUPKYJIAIIH
B Havase XXI B.

3akouenue

Taxum o6pa3oM, TIpoBe/ieH aHAI3 TTPOCTPAHCTBEHHO-
BPEMEHHBIX HM3MeHeHUll IHUPKYJIIIIMOHHBIX SYeeK /IS
cubupckoro cekropa CeBepHOro TOJyIIApUs IS ABYX
BpeMeHHBIX MHTepBasoB: 1976—1998 u 1999—2014 rr.
BoisiBsieno, uto Hambosiee CyIeCTBEHHbIE W3MEHEHUsI
HabJToJaloTcs B 3UMHMI ce30H: B Hadase XXI B. 1po-
130LLI0 IOYTH IoJiHoe ucue3HoBeHue IIS u yBemmue-
Hue wHTeHcHUBHOCTH AX n AMD, npm atoMm ceBepHas
rpaania A caBunysach Ha ~1° B HampaBJeHUHN TO-
Joca. IJTU pe3yJbTaTbl TOATBEPSKIAIOT BBIBOJbI, IIO-
JydeHHble B [2, 3] mas APYTHX MACCHBOB JIaHHBIX
¢ TOMOIIBIO APYTuX crnoco6oB ¢uabrparmu. K Tomy
JKe B 3UMHHUI MepuoJ B cpeHeM /I CHOUPCKOTO CeK-
TOopa Hab6JIIo/laeTcs yMeHbIeHe WHTEHCHBHOCTH ajl-
BEKTHBHBIX MEPUINOHAJBHBIX TOTOKOB Temaa. Ilpu
9TOM YMeHbBINAeTCs BeJINYNHA BUXPEBOTO TMOTOKA CH-
HONTHYeCKOiT u3MeHunBocTH (IIMKJIOHUYECKUX BUXPEii)
1, Hao0OpOT, YBETMYNUBAETCS WHTEHCHUBHOCTH HU3KO-
YaCTOTHOW W3MeHYnBOCTH (QHTUIMKJIOHUYECKUX BUX-
peii). Koppe aiuuoHHblil 1 KOBapHaLMOHHbI aHAIN3bI

BBISIBIJIN, YTO BO BTOPOM BpPEMEHHOM HMHTepPBaJie CBSI3b
Mekay (YHKIMeHf ToKka W WHTEHCHBHOCTBIO MepHANO-
HAJBHOTO TOTOKA Tela ocjabeBaeT, a OTHOPOIHOCTD
ee TIPOCTPAHCTBEHHOTO pacIpejieJieHHsa HapyIlaeTcs.
ODTO TOBOPUT O PAa3BUTUU MePUAMOHAIBHBIX (opM
nupkyaAnun B Hadase XXI B.

B mepuon ocnabserus rio6aTbHOTO MOTETLIEHS,
XapaKTepu3yIolerocss yMeHbIIEHHeM MeKITIPOTHOTO
TpajJieHTa, BO Bce MecsIbl HalTioaeTcsl YBeJImdeHne
WHTEHCUBHOCTH M KOJUYECTBA IEHTPOB BUXPEBOIl 1Up-
KYJISIUN, 9TO TPUBOIUT K PAa3BUTHIO MepPUINOHATBHOM
IUPKYJIAINN, YCUIEHNIO MPOIeCCOB OGJIOKNPOBAHUS T,
KaK CJIe/ICTBUEe, YMEHbIIEeHN0 MepHINOHAIBHOTO TpH-
TOKa TeIlIa ¢ 1ora CHGMPCKOTO CEKTOpa Ha TEPPUTOPUIO
Cubupu B Havaste XXI B.

WccnenoBanne BBIMOJHEHO TPH YacTHYHON D~
HaHcoBoll mnoajepskke PMMU B paMKax HaydyHOTO
npoekTa Ne 16-35-60088 mosi_a_ k.
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tor in the Northern hemisphere was carried out using reanalysis data over two time intervals: the period of in-
tensive global warming 1976—1998 and the period of its slowdown 1999—2014. It was revealed that the most
significant changes are observed in winter season in the beginning of XXI century: almost complete disappear-
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strengthening of blocking processes, and, therefore, to the decrease of meridional heat fluxes in the Siberian

sector in the beginning of XXI century.
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