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BBEJIEHHE

AKTYaJIbHOCTb T€MbI HCCJIEI0OBAHMS

One-Hunpo m Jla-Hunabs — BakHeHIHMe riio0albHBIC KIMMaTHYECKUE SBIICHUS
MEXTOJIOBOTO MaciiTaba B CUCTEME OKeaH-aTMoc(epa 3KBaTOpHAIBHON 30HBI THXOTO
OKeaHa, KOTOphbIe OOYCIOBIMBAIOT (PopMHUpOBaHHE KaTacTpOHUUECKUX aHOMAJIUN
KJIUMaTa U OKPYKalollel Cpelbl B Pa3HbIX PErMOHAX 3€MHOTO IIapa B BHUJE 3aCyX,
HABOJIHCHUH, TOXapoOB, a TaKKe NPUBOASAT K BO3HUKHOBEHHUIO KOJOCCAIbHBIX
COITMAJILHBIX U dKOHOMHUUYECKUX mpobieM [Philander, 1989; Voskresenskaya, Polonsky,
1993; Larkin, Harrison, 2005; Ashok et al., 2007; Yuan et al, 2012]. Tak 3acyxu,
BbI3BaHHbIC Oib-Hunbo 2015 roma, co3manm OCTpyr0 HEXBATKy IPOJAOBOJILCTBUSA B
1o)kHOM yactu Adpuku [[PCC, 2022]. I'noGansubii yiiepd ot Diub-Hunbo 1982 u 1997
rofoB coctaBui 4.1 u 5.7 Tpan. $. OxunaemMblii cyMMapHBIi TII00ATBHBIN yIIepO OT
Bcex coObiTuit Dnb-Hunbo u Jla-Hunes B XXI Beke Mo OIeHKaM JKCHEPTOB MOKET
coctaButh 84 TpmH. § [Callahan, Mankin, 2023]. 3abmaroBpeMeHHBIH TPOTHO3 3THUX
COOBITUM TTO3BOJIUT TPHUHATH IPEBEHTUBHBIC MEPHI JII MaKCHMaJIbHO BO3MOXKHOTO
COKpaIlleHUs COIMaJIbHO-DKOHOMUYEecKoro yiiep6a. CremoBaTelbHO, OJHUM U3
BOKHEHIIIMX HAMpPaBJICHUNH COBPEMEHHBIX KIMMATUYECKUX HCCIICIOBAHUMN SIBIISIETCS
M3Y4YCHHE U MPOTHO3 ATUX COOBITHM.

CoObitust Onp-Hunbo m Jla-HuHpg SBIAIOTCA SMH304aMH  KIIMMATHYECKOIO
nporecca Onb-Hunbo — IOxnoe konebanue (DHIOK). DHIOK Bkitouaer B cels
ey ¢aszy — Onb-Hunwo, xonomuyio ¢aszy — Jla-Hunbs, u HelTpanbHylo ¢hazy
Mexay Humu. K HacrosmiemMy BpeMEHHM TIOJydeHa JIOCTaTOYHO MOApOOHas
XapaKTEepUCTUKA dTUX COOBITUH, TTpoBeaeHa Kinaccudukaims kaxmnon ¢aszer DHIOK, B
pe3yJsibTaTe KOTOPOU BBIJEIECHO, KAK MUHUMYM, 10 JIBa IIPOCTPAHCTBEHHBIX THIIA, KaK
cpeau Dnb-Hunbo, Tak u Jla-Hunbs. [Ipu 5TOM KaIblii TUIT UMEET CBOM OCOOCHHOCTH,
KOTOpbIE HMMEIOT XapaKTepHbIE TJ00aJdbHBIC TMPOSIBICHUS. YK€ JOCTUTHYTHI
OTIPEJICJICHHBIC YCIIEXH B MOJACIMPOBAHUU U MPOTHO3UPOBAHUU COOBITUN M UX THUIIOB.
OpnHako B yCIIOBHUSIX MEHSIOLIErOCs KJIMMAaTa Ype3BbIYaiHO BAXKHO MPOJOJIKEHHE 3THX

I/ICCJIeI[OBaHI/Iﬁ N COBCPIICHCTBOBAHHC IIPOIHO3A.
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CoBpeMEHHbIE AUHAMUYECKHE W CTAaTUCTUYECKHE MOJEIM MHOTOYMCIIEHHBIX
MHPOBBIX KIMMAaTUYECKUX LIEHTPOB, IPUMEHsieMbIe i1 ITporHo3a cocrosiuus JHIOK B
paMkax npoektoB BecemupHoit meTeoponorunueckoi opranuzaiuu (BMO), orpannueHsl
BECEHHHUM IOPOTOM TMPEJCKa3yeMoCTH, a ux 3¢ deKTuBHasg 3a0J1aroBpeMEHHOCTh paBHA
6-12 mecsmam [Wang B., Fang Z., 1996; Tippett et al., 2012; Qi et al., 2017]. IIpu sTom
yrounenne Tuma coosituii DHIOK orpannueno OykBaqbHO HECKOJBKUMH MeECSIaMU
[Ren et al., 2019; Zhang et al., 2021; Gao et al., 2024]. OnHako mepea MUPOBHIM
COOOIIIECTBOM YYEHBIX M CIEIHMATUCTOB COXpaHsAETCs MpodiieMa CO3AaHMSI TaKOTo
IpPOrHO3a C MaKCHUMaJbHO BO3MOXHOW  3a0JIarOBPEMEHHOCTbIO UM BBICOKOM
ONPABABIBAEMOCTBIO.

O0bekT uccaenoBanus — CoObitus Onb-Hunbo u Jla-Hunbs.

IIpenmer mnccaenoBanusi — [IporHocTuyeckoe MoOJEIUPOBaHUE COOBITUN OIlb-
Hunbo u Jla-HuHbs ¢ yueToM HX NPOCTPAaHCTBEHHBIX TUIIOB.

Hean 1 3ap0a4m uccjie10BaAHUA

[enbto pa®oOTHI ABIAETCS CO3AAHHE MOJENIU JIOJIFOCPOYHOTO MPOTHO3a COOBITHI
Onb-Hunbo, JIa-HuHbs ¢ yueToM HX MPOCTPAHCTBEHHBIX TUIOB M HEUTPAIbHOU (pa3bl
OHIOK c¢ 3a0naroBpeMeHHOCThIO OoJjiee 12 MecsileB Ha OCHOBE HCKYCCTBEHHBIX
HEUPOHHBIX CETEH.

JUist TOCTMO>KEHMS 11eJd ObLIM MOCTaBJIEHBI M PEUIeHbl CIEAYIOLIME HAy4YHbIE
3a/1a4u:

1. IIpoananu3upoBaTh MO THUAPOMETEOPOJIOTHYECKHX XAPAKTEPUCTHK H
BBHIOpaTh KJIMMATUYECKHWE CHUTHaJbl B TJ00QJIBHOM cUCTeME OKeaH-aTMocdepa mis
UCIIOJIb30BAHUS UX B KauecTBE MPpeArKTOpoB Dib-Hunbo/Jla-Hunbs.

2.  ApanTtupoBath MeTOJA HCKycCTBeHHBIX HelpoHHbix cered (MHC) nns
CO3/IaHUSI MOJIEJIA JTOJITOCPOYHBIX MPOTrHO30B Onb-Hunbo, Jla-HunHbs u HelTpanbHOU
dazer OHIOK ¢ mpuBnedeHueM KIMMATHYECKUX CHUTHAJIOB B TJIOOQJIBHOW CHCTEME
OKeaH-aTMoc(epa B KaUeCTBE MPEIUKTOPOB.

3. Tlpumenuts pa3zpaboTaHHYIO MOJEIh JJIS MPOTHO3UpPOBaHMs Diab-HuHbO,

Jla-Hunbs u veritpansuoit azel JHIOK ¢ 3abnaroBpemeHHocThIO O0Jiee 12 mec.
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4.  OneHuTh Ka4eCTBO MPOTHOCTUYECKUX XaAPAKTEPUCTUK pPa3zpabOTaHHOM
MOJICNI  OTHOCUTEIBHO COBPEMEHHBIX JIMHAMMYECKMX MOJEIe U  MOJCIEH,
OCHOBAHHBIX Ha AJITOPUTMAX TITyOOKOTO 00YUCHUSI.

CooTBeTcTBHE JUCCEPTANMM MACTIOPTY HAYYHOI CNIEIHATBLHOCTH

JuccepTandsi COOTBETCTBYET MAaCIOpPTy HAay4dyHOW crnenwaibHoct 1.6.18 —
«Hayxu 00 atMocdepe u kiumatey.

Hay4yHast HOBM3HA

Co3naHHass MOJENb HEHWPOCETEBOr0 JOJITOCPOYHOIO IMPOTHO3a COOBITHI Oib-
Hunbo, Jla-Hunbpsa u HelitpansHoi ¢a3sl JHIOK BnepBbie obecrnieunsia BO3MOKHOCTh
ux 3QHEeKTUBHOTO MPOTHO3a C 3a0JIarOBPEMEHHOCTHIO 22 MecsIIa.

Ha ocHOBe cpaBHEHHSI PETPOCHEKTUBHBIX MPOTHO30B IMOKA3aHO, YTO
b dexTuBHAS MPOJIOKUTEILHOCTh MPOTHO3a TMOJYYEHHOM MOJENHU MPEBOCXOIUT IO
KQueCTBY KJIACCHUYECKUE TUIAPOJINHAMUYECKHE, CTATUCTUUYECKHUE MOJEIN U MOJEIH,
OCHOBAHHBIE HA MUCKYCCTBEHHOM HHTeUIeKTe. B 2022 rogy nonaydeHHass MOJENb OJHA
U3 MEPBBIX B MHUpE yKaszalla Ha npuOmmkeHue iab-HuHb0o BocTOuHOTO THmHa B 2023
rojy.

JlaHHBIEe U METObI HCCJIeI0BAHUSA

B pabote k aHanu3y npuiekaics 00JbIIoH 00beM MAaCCUBOB JaHHBIX, KOTOPHIE
JU1s1 y1oOCTBa BOCIIPUSTHS MPEICTABUM B BUE CICAYIOIMINX TPYIII.

PekoHCTpyHpOBaHHBIE MACCHUBBI CPEIHEMECSYHBIX JIAHHBIX TEMIIepaTyphl
noBepxHocTH okeana (TI1O):

— HadISST Mereoponorudyeckoro oduca Iagnes (BenukoOputanusi), ¢
MPOCTPAHCTBEHHBIM pa3pelieHueM y3iaoB cetku 1°x1° ¢ 1870 mo 2023 rr.;

— COBE SST2 SInoHCKOrOo  METEOPOJIOTMYECKOTO  areHTCTBa c
MPOCTPAHCTBEHHBIM pa3pelieHrueM y3i10B ceTku 1°x1° ¢ 1850 mo 2023 rr.;

JlaHHBIE pa3HBIX THIIOB peaHaIn3a:
— CpEIHEMECSYHbIE TMOJII CKOPOCTH BETpa M I'eOMOTEHI[Majga Ha U300apUueCcKux
ypoBHsix u3 atmocdepHoro peananmza NCEP/NCAR ¢ mpocTpaHCTBEHHBIM

pa3peneHneM y3ioB ceTku 2.5°%2.5° ¢ 1948 mo 2023 rr.;



— CpEIHEMECSYHbIE TOJII TEMIIepaTypbl BO3QyXa W TI€ONOTEeHUMasa Ha
n300aprueckux YpoBHSX U3 aTMocdepHoro peananusa 20 cronerus (20th Century
Reanalysis V2c¢) ¢ mpocTpaHCTBEHHBIM pa3pelieHrneM y3i0B ceTku 2°%2° ¢ 1870 mo
2015 rr.;

JlaHHBIC HAOIIOACHUM:

— cpennemecsianbie gaHHbie TIIO ¢ OyeB mpoekta TOGA-TAO ¢ 1981 mo 2019
IT.;

— ©KEIHEBHBbIC JJAaHHBIE a’pOJOTHYEeCKOro 30HANpoBaHUS OOBEAMHEHHOTO
robanbHOro apxupa panuozonaupoBanus IGRA  v2.1 (International Global
Radiosound Archive) Hanmonanbnoro nentpa knmumatudeckux gaHasix CILIIA (NCDC).

CIyTHUKOBBIE JaHHbBIE:

— exemecaunble gaHHbie TIIO cnytHuka MODIS (Terra Global Level 3) c
pazpemienreM 9 km ¢ 2001 mo 2019 rr.;

— exeMecsiunblii MaccuB TIIO NOAA 10 SST v2 (Optimum Interpolation Sea
Surface Temperature v2), MOJy4YEHHBI IyTeM HWHTEPIOJSLMU JI@aHHBIX CEHCOpa
AVHRR (cepus cnytHukoB NOAA), ¢ IpOCTpaHCTBEHHBIM pa3pelICHUEM Y3JIOB CETKU
1°x1° 3a nepuona 1982-2018 rr.

B pabote pa3paboTana yHHKanIbHass METOJIMKA YCBOCHHUS JAHHBIX U MPUMEHEHUS
IPYIIBl  MIPOCTEMIIMX MHOTOCIOMHBIX HEUPOHHBIX CETEeW I JOJITOCPOYHBIX
KJIIMMAaTHYECKUX IPOrHO30B, YTO IOCIYXXHJIO OCHOBOW IPOTrHOCTHYECKOW MOJEIIH.
Pa3paboTanHass Mojelb HCHOJB3YET B KA4eCTBE MPEIUKTOPOB  IIOOANbHbBIE
KJIIMMAaTU4YECKHE WHAEKChl CUCTEMbl OKeaH-aTMocdepa, g pacuera KOTOPBIX
IPUMEHSIOTCSI aTMOC(EPHbIE U OKEAHUYECKHE TTOJISL.

Hayuynasi u npakTuyeckasi 3HA4YMMOCThb Pe3yJIbTaTOB

[TommyuenHble B paboTe pe3ysibTaThl HANpPaBICHbI HA pelieHne (yHIaMEHTaIbHON
HayyHOM mpoOsieMbl B 00JacTU TEOPUM KIMMaTa, CBA3AHHOM C JOJTOCPOYHBIM
POTHO3UPOBAHUEM.

Pa3paboranHasi Mojenb moKa3ajga BBICOKYIO CIIOCOOHOCTb IPOrHO3UPOBAHMUS
apiennit Dnb-Hunbo, Jla-Hunbs u Helitpansabix ycnoBuih DHIOK. Ee s¢dextuBHas

MMPOJOJDKUTCIIBHOCTL IMPOTHO3a CYHICCTBCHHO JIYYHIC COBPEMCHHBIX JHMHAMHUYCCKUX U
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CTATUCTUYECKUX Mojenell u nocturaer 22 mecdieB. [Ipu 3ToM Mozenb MO3BOJSET
NpeaynpeanTh HE TOJBKO O Hayayue OOJbIIMHCTBA cOObITUM Dib-Huubo u Jla-Hunbs,
HO W OMNpPEACIUTh WX THI, YTO UMEET, HECOMHEHHO, OOJBIIIOE TPAKTUIECKOE 3HAUYCHUE
JUIS Pa3BUTUSA KIMMATHYECKUX MPOTHO30B U MHUHUMU3ALUN BO3MOXHBIX HETaTUBHBIX
nocieAcTBUi. IIoCKONBKY aHanu3 MPOTrHO30B MPEIJIOKEHHOM MOJENM IMOKa3al €e
MPEUMYIIECTBO OTHOCHUTEIIBHO JMHAMUYECKHMX U COBPEMEHHBIX CTaTUCTUYECKHUX
Mojieiel, B OCHOBE KOTOPBIX JIEKAT aJITOPUTMBI TITyOOKOT0 00y4eHHUsI, B TTOCIETYIOIIEM
MoOJieb OYJIET MpeIoKeHa i1 BHeApeHUs: B PocrugpomeTieHTpe.

Kpome storo, pesynbrarsl paboThl MOTYT OBITh HCIOJB30BaHbI JJISI PEIICHUS
MHOTHX TMPUKIAIHBIX 3a/lady, B YaCTHOCTH, B MPAKTUYECKON paboTe YUPEKICHUI,
CBSI3aHHBIX C BBIITYCKOM JIOJITOCPOUYHBIX THAPOMETEOPOJIOTHYECKUX MPOTHO30B, a TAKKe
MOTYT OBITh BKJIIOYEHBI B 0Opa3oBaTelibHbIe Tporpammbl BY30B reorpaduueckoro u
TUAPOMETEOPOIOTMYECKOTO MPOdUIIS.

[TonydeHHble pe3yybTaThl BKIIOYEHBI B OTYETHI MO TOCYAApPCTBEHHBIM HAYYHBIM
TE€MaM, a Takke B oT4eThl 10 rpanTaMm POOU u PI'O, urto noaATBEpKAAET UX HAYUHYIO U
MPAKTUYECKYI0 3HAYUMOCTh. B 4acTHOCTH, pe3yibTaTbl padOThl BOIUIM B OTYET TEM
roc3aganus MHCTUTYTa MPUPOIHO-TEXHUYECKUX CHUCTEM IO pasaeny Tembl (Ne 0012-
2014-0013): «HUccnenoBanue 3aKOHOMEPHOCTEM M MEXaHU3MOB (POPMHUPOBAHUS
pErHOHANBHBIX TMApaMeTPOB MPUPOJHON cpeapl YepHOMOPCKOrOo peruoHa TMoj
BIUSIHUEM €CTECTBEHHBIX U peruoHaimbHbIX ¢aktopoB», Ne 0012-2019-0007
«DyH1aMeHTaIbHbIE U TPUKIIAIHBIC UCCIETOBAaHUS 3aKOHOMEPHOCTEH M MEXaHHU3MOB
dbopMUpOBaHUSI PETMOHATBHBIX W3MEHEHUM TMPUPOJHONW Cpeabl W KiIuMara Toj
BIIUSIHUEM TJIOOQIBHBIX TMPOIECCOB B CHCTEME OKeaH-aTMoc(depa M aHTPOMOTEHHOTO
BoznercTBusiy, Ne 0012-2021-0007 (121122300072-3) «@DyHIaMeHTaNbHbIE U
NPUKIAAHBIC HWCCICAOBAHHUS 3aKOHOMEPHOCTEM M MEXaHU3MOB (POPMHUPOBAHUS
pPErHMOHATBHBIX U3MEHEHUW MPUPOTHON CPENlbl U KIMMAaTa IO BIUSHUEM TI00aTbHBIX
MPOLIECCOB B CHUCTEME OKeaH-aTMOoc(epa M aHTPOIOIeHHOTO BO3JEHUCTBHS; TpaHTa
PODOU Ne 14-45-01549 «MccnenoBanne W3MEHYMBOCTH THUAPOPU3UYCCKHX U
IrUAPOOMOTIOTUYECKUX TPOLIECCOB B CEBACTONOJILCKOM MOPCKOM paiioHe»; TpaHTa

PODU Ne 16-05-00231 «CoObitus Onb-Huawo wu Jla-Hunbs: kmaccudukanms,
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OCOOEHHOCTH W MPOSIBIICHUS B MOTOJHO-KIMMATHIECKUX aHOMAIUSIX B UepHOMOPCKOM
peruoney; rpanta PODOU Ne 16-35-00186 «HccnenoBanue KIMMAaTHYECKUX YCIOBUU
Yepruomopckoro nodepexns Poccuu B cBsizu ¢ coobiTusamMu Inb-Huabo u Jla-Hunbsy;
rpaita POOU Ne 18-35-00325 «MccnenoBanue OMOKIMMATHYECKOTO IOTEHIMANA
KypopToB KpbimMckoro mnoisryoctpoBay; rpanta POOU Ne 18-45-920063 «Menuko-
KJIIMMaTUYECKasi XapaKTEPUCTHUKA TyPUCTCKO-PEKPEAIMOHHOTO pernoHa CeBacTomnolis B
yCIIOBUSIX HaOJt0laeMbIX HW3MEHEHHH KiuMaray; rpanta POOU Ne 18-45-920068
«3aKOHOMEpPHOCTH  (OPMHUPOBAHUS  IKCTPEMAJIBHBIX  INITOPMOBBIX  yCIOBUUA B
CeBacTONoOJIbCKOM PETMOHE U HU3MEHYMBOCTU TAapaMETPOB MOPCKUX DKOCUCTEMY;
rpanta PO®U Ne 20-45-920015 «OneHka aHTUIUKIOHUYECKONW AaKTUBHOCTH W
COMYTCTBYIOLIUX THUIPOMETEOYCIOBUM ISl PEIICHUs MPOOJEMbl BOJHBIX PECYpPCOB
CeBacrononbckoro peruoHa»; rpanta PI'O «KoMIUieKCHBIM aHanu3 MpUpOAHO-
KJIIMMAaTAYECKOIro MOTEHIIMala U ero Oyaynmx u3MeHeHud Ha tepputopun Kpeima u B
npuOpexHOl 30He UepHOro mMopsi Juisl MEPCIEKTUBHOIO IJIAHUPOBAHUS YCTOWYUBOTO
pPa3BUTHSI PETUOHAY.

IHos107keHus1, BHIHOCHUMbIE HA 3ALIUTY:

1. PazpaboTana Mojenb IOJATOCPOYHOTO MPOTHO3a AHOMAIUN TEMIIEpaTyphl
MIOBEPXHOCTU OKe€aHa B JKBaTOpHalbHOW 30He Tuxoro okeana Ha ocHoBe MHC, B
KOTOPOM B KauecTBE MPEIUKTOPOB HCIOJIB3YIOTCS HHIACKCHI, XapaKTEPU3YIOIIHE
MPOIIECCHl  KPYMHOMACIITAOHOTO B3aUMOJEHCTBUS B TJIO0AIbHONW CHUCTEME OKEaH-
atMmocdepa.

2. [Ipennoxen aJIrOpUTM IIPOCTPAHCTBEHHO-BPEMEHHOIO otbopa
MPEAUKTOPOB, BKIIIOYAIOMINX UHAEKCHI IIUPOKO M3BECTHBIX KIIMMATHYECKUX aHOMAJIUM,
a TaK)Ke WHJEKCOB, IIOJyYEHHBIX Ha OCHOBE KOMIUICKCHOIO aHaju3a MoJiel
aTMOC(EpHBIX peaHann3oB U pekoHCcTpykmuii TTIO.

3. [Tomyyennass mojenb 00azlaeéT MUHUMAIBHOM YYBCTBUTEIBHOCTHIO K
BECEHHEMY TIIOpOTY TMpPEJCKa3yeMOCTH, UYTO OOECHEeYMBAET €€ NPEUMYLIECTBO [0
CPaBHEHHIO C COBPEMEHHBIMU JUHAMHYECKUMH ¢ CTAaTUCTUYECKUMHU MOJEISIMU
nporHo3a  Onb-Hunbo/Jla-Huness u  mo3Bonsier  yBenuuyuTh  3(P(HEKTUBHYIO

3a0J1arOBPEMEHHOCTh MPOTHO3a 10 22 MecsrneB, 4to Ha 10-16 mecsameB mpeBOCXOAUT
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ATy XapaKTEePUCTUKY JUHAMHYECKUX MOJENeH u Ha 4 Mecsia — MOJieJiel, OCHOBaHHBIX
Ha aIrOpUTMax TIIyOOKOTo 00y4YeHUs.

JIMYHBIA BKJIAJ aBTOpPa

B xozje BbINOJNIHEHUS AHCCEPTAMOHHON paOOThl aBTOP aKTUBHO y4acTBOBAN B
IIOCTAHOBKE 3aJay, WX pEIICHUH, WHTEPIPETAlNN IOJYyYEHHBIX pE3yJIbTaTOB H
dbopMynupoBKe BHIBOAOB. MM caMOCTOSTENbHO OBLITM MPOBEACHBI 00pabOTKa, aHATU3 U
Bepu(dUKaIUs BCEX MACCUBOB JAHHBIX, HAIMMCAHBI MPOrPAMMHbBIE KOJbI JUISl PEUICHUS
MOCTABJICHHBIX 337a4, BBIINOJHEHO COIOCTaBICHUE C MEXAYHAPOJHBIM YPOBHEM.
ABTOpPOM JIMYHO OBUIM TMOJTOTOBJICHBl MaTepUaibl K HAy4YHbIM MyOJHUKALUSIM B
PELEH3UPYEMBIX  M3JIaHHSAX, MPEACTABIEHbl peE3yibTaThl HAa MHOTOYHMCIEHHBIX
BCEPOCCUMCKUX U MEKTYHAPOIHBIX KOHPEPEHIUSAX.

CreneHb J0CTOBEPHOCTH M anipodanus pe3yjibTaTOB

JIOCTOBEpHOCTh ~ pacyeTOB MOATBEPXKIACTCA HAJIMYUEM BepUPHUKAITMOHHOM
BBIOOPKH, OOECIeUMBAIOLIEH HE3aBUCUMYIO IMPOBEPKY PE3YyJbTaTOB MOIECIUPOBAHUA.
HoBu3zHa HaydHBIX pe3yibTaTOB MOATBEPXKJCHA MYyOJIMKAUSIMH B  BEIYIIMX
NpoUIBHBIX PELEH3UPYEMBIX KypHaidaxX, pa3MEIIEHHbIX B HAYKOMETPUYECKUX 0azax
PUHII, BAK, SCOPUS u Web of Science.

PesynbraThl  nuccepTalMoHHOW pabOThI  JOKJIAABIBAIMCh HA  CEeMHUHapax
JlabopaTopun KpymHOMAcIITa0HOTO B3aMMOJICMCTBHUS OKeaHa M aTtMochepsl U
M3MEHEeHH KimMaTta MHCTUTYTa ONpUPOJHO-TEXHUYECKHX cucTeM B mepuoxa 2015 mo
2024 rr. u Ha cemunape B ['magpomeruentpe Poccum B 2023 romy. Kpome storo,
MOJIyYeHHbIE PE3yJbTaThl ObUIM MNPEACTABICHBI HAa CIEAYIOMIMX BCEPOCCUMCKUX U
MEXIYHAPOAHBIX  KOHpepeHIusAX:  MexnayHapoaHas  HaydyHas  KOH(pEpEeHIUU
«COBpEeMEHHOE COCTOSIHME€ W MEpCIEeKTUBbI HapallMBaHUS MOPCKOTO PECYPCHOTO
norteHuuana FOra Poccum» (orr. Kamusenu, 2014); MexayHapoaHas HayyHas
KOH(epeHIIUs CTYJEHTOB W MOJOJbIX Y4eHBIX «COBpEMEHHAasl THIAPOMETEOPOJIOTHS:
aKTyalbHble TIpoOsieMbl U MyTH uUx pemeHus» (Opecca, 2014); XX MexayHapoIHbII
cumnosnym «Ontuka atrmocdepbl u okeaHa. ®dusuka atmocheps» (Tomck, 2014);
HayuHo-npakTuyeckas MoJIOAeKHAsE KOoH(pepeHUus «IKOOHOJOTHYECKHE MpPOoOIeMbl

A30BO-UepHOMOpPCKOTO pETHOHA U KOMIUIEKCHOE YIpaBlieHHE OWOJIOTHYECKUMU
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pecypcamm» (CeBactomousb, Snra, 2014-2017); «International Geographical Union
Regional Conference. Geography, Culture and Society for our Future Earth — IGU»
(Mocksa, 2015); MexayHapoaIHON HaydHO-TeXHUYECKOW KoH(pepeHIHH «CHCTEMBI
KOHTpOJIsE OoKpy»Karomiei cpeabl» (CeBacromnoib, 2015-2023); Hayunas xoHdbepeHus
"MupoBoil OKeaH: MOJENH, JTaHHbIE W omneparuBHas okeaHojorus" (CeBacTomob,
2016); MexayHapogHass — MOJOAESKHAs  HAy4yHO-TIpaKTUYecKas  KOH(epeHIus
«uHoBauun B reosioruu, reopuszuke u reorpadun-2016» (Cesactonons, 2016);
Bceepoccuiickas  HayuHas ~ KoH(pepeHIMs  Mononbix  yu€HbIX  «KoMmruiekcHbIe
uccienoBanusi MupoBoro okeana» (Ceacromnoisib, 2016); I YepHomopckas Hay4dHO-
npakTuueckas koHdepenus MI'Y «Ipobiaembl 6€30MaCHOCTH B COBPEMEHHOM MHPE»
(CeBactonoub, Cankr-IlerepOypr, Mocksa, 2016, 2018, 2019, 2023); MexayHapoaHas
Hay4yHass KoHdepeHIuss namatu wieHa-koppecnonaenta PAH JI. I'. Marumosa
«Okpyxarmas cpena u 4enoBek. CoBpeMeHHbIE MPOOJIEMbl T€HETHKH, CEJIEKIUU U
onorexnonorun» (PocroBHa-ony, 2016, 2020); V MexayHapoaHas Hay4HO-
npakTHueckass —KoHgepeHuus «Mopckue —ucciaenoBaHus U oOpa3oBaHUE  —
MARESEDU» (MockBa, 2016); XXV MexayHapoAaHas HaydHO-TEXHHYECKas
koH(pepenuus  «[lpuknagnsie 3amaum  Mmarematukw»  (CeBactomonb, 2017);
Bcepoccuiickas kondepenius "TuapoMereoposorus W OKOJOTHS: HaydHbIe U
oOpa3oBarenbHble JOCTUXKEHUA U nepcnektuBbl pa3Butusa’ (Cankt-lletepOypr, 2017);
Bcepoccuiickas nayunas kondepenuus «Mopst Poccun» (CeBactomnons, 2017-2019);
International Young Scientists School and Conference on Computational Information
Technologies for Environmental Sciences (Moscow, 2019); Bcepoccuiickas HayuHas
KOH(epeHHs MoJIoAbIX yueHbIX «KomruiekcHble uccrienoBanuss MupoBOro okeaHay
(MockBa, CeBacromnonb, Cankrt-IletepOypr, 2018-2020); mexayHapoaHas Hay4dHO-
nmpakThyeckass KoH(epeHius «310poBbe U OKpykaromas cpena» (Mwunck, 2019); V
MexnayHaponHass —Hay4dHO-TIpakThueckas kKoHbepeHius «DyHaameHTanbHbIE U
NPUKJIAJHbIE ACMEKThl TEO0JOTUH, Te€OPHU3UKHM U TEO3KOJOTUH C HCHOJIb30BAaHUEM
COBPEMEHHBIX  MHGOPMAIMOHHBIX  TexHosorumi»  (Maiikor, 2019,  2023);
MexayHaponHass MOJIOASKHAs IIKOJAAa W KOH(PEPEHLHMS «IO BbIYUCIUTEIBHO-

nH()OPMAITMOHHBIM TEXHOJIOTHSIM I HayK 00 okpyxatomiei cpene» (Tomck, 2019);
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MexnyHnaponHas KOH(EpeHIMs U IIKOJa MOJIOABIX YYEHBIX «I0 HW3MEpPEHUSIM,
MOJICIMPOBAHUIO U MH(POPMAIIMOHHBIM CHUCTEMaM JJIsi U3YUYECHHsI OKPYKAIOMIeH cpebl
ENVIROMIS-2020» (Tomck, 2020); MexnyHapoanas koHbepeHuus «V3meHneHus
KJIMMaTa: MPUYMHBI, PUCKH, MOCJIEACTBUS, MPOOJIEMbl aJanTallid W PETyIUPOBAHUA.
Kmumat-2023» (Mocksa, 2023).

IMy6aukanum no Teme auccepTauun

Pe3ynbraThl HacTOsIIEW IHUCCEPTAMOHHOW paboThl OMyOJMKOBaHBI B 26
Hay4dHbIX cTaThAx. TpedoBanusiM BAK mpu MunoOpnayku Poccuiickoii ®enepanuu
COOTBETCTBYET 23 CTaThbU B PELEH3UPYEMBIX POCCUMCKUX HAYUYHBIX M3JaHUAX. 3 HUX
12 nayuHbIxX crarei BxoasT B HaykoMmeTrpudeckue 6a3sl SCOPUS u Web of Science.

Kpome 3toro, onybaukoBaHo 60 T€3UCOB JOKIAA0B, pa3MENIEHHBIX B COOpPHUKAX
MatepuanoB KoHdpepeHui, Bxoasmmx B cucreMy PUHII, a pesynbratsl pabGoTh
anpoOupoBaHbl Ha 42 BCEPOCCUMCKUX U MEXAYHAPOJHBIX HAyYHbIX KOHpepeHuusax. [1o
pe3yabTaraMm HacTosieil padotel onyonukoBan 1 PUJI. TpeboBanus k myOaukanusm
OCHOBHBIX Hay4HBIX pE3yJIbTaTOB JHCCEPTALMU, MPEeNyCMOTpeHHbIX B 1. 11 um 13
«[lonoxenust 0 TOPAIKE TPUCYKICHUS YUYCHBIX CTENEHEH», YTBEPKISCHHOTO
[Toctanosnenuem IIpaBurensctBa Poccuiickoit @enepammu ot 24 centsops 2013 r. Ne
842, coOJIIOIEHbI.

Cratbu, BXos11IMe B HAyKOMeTpuueckyto 6a3y Scopus u Web of Science:
1. Lubkov A.S., Voskresenskaya E.N., Kukushkin A.S. Method for reconstructing
the monthly mean water transparencies for the northwestern part of the Black Sea as an
example // Atmos. Ocean. Opt. 2016. V. 29. P. 457-464. DOL:
10.1134/S1024856016050092.
1. Lubkov A.S., Voskresenskaya E.N., Marchukova O.V. Forecasting Of The
Southern Oscillation Index // Vestnik Of Saint Petersburg University. Earth Sciences.
2017. V. 62(4). P. 370-388 DOI: 10.21638/11701/spbu07.2017.404
2. Voskresenskaya E.N., Marchukova O.V., Maslova V.N.,, Lubkov A.S.
Interannual climate anomalies in the Atlantic-European region associated with La-Nina
types // 10P Conf. Ser.: Earth Environ. Sci. 2018. V. 107. P. 012043. DOI:
10.1088/1755-1315/107/1/012043
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3. Lubkov A.S., Voskresenskaya E.N., Marchukova O.V. Application of a neural
network model to forecasting of El Nifio and La Nifia / IOP Conf. Ser.: Earth Environ.
Sci. 2019. V. 386. P. 012040. Doi: 10.1088/1755-1315/386/1/012040

4. Marchukova O.V., Lubkov A.S., Voskresenskaya E.N. The quality of the
reproduction of El Nino and La Nina events using different reconstructed sea surface
temperature data sets // Vestnik Of Saint Petersburg University. Earth Sciences. 2020.
V. 65(1). P. 96-120. DOI: 10.21638/spbu07.2020.106

5. Marchukova O.V., Voskresenskaya E.N., Lubkov A.S. Diagnostics of the La
Nifia events in 1900-2018 // IOP Conf. Ser.: Earth Environ. Sci. 2020. V. 606. P.
012036. DOI: 10.1088/1755-1315/606/1/012036

6. Lubkov A.S., Voskresenskaya E.N., Marchukova O.V., Evstigneev V.P.
European temperature anomalies in the cold period associated with ENSO events // IOP
Conf. Ser.: Earth Environ. Sci. 2020. V. 606 P. 012031. DOI:10.1088/1755-
1315/606/1/012031

7. Lubkov, A.S., Voskresenskaya, E.N., Marchukova, O.V. Forecasting El Nifio/La
Nifia and Their Types Using Neural Networks // Russ. Meteorol. Hydrol. 2020. V. 45.
P. 806-813. DOI: 10.3103/S1068373920110084

8. Maslova V.N., Voskresenskaya E.N., Lubkov A.S., Yurovsky A.V., Zhuravskiy
V.Y., Evstigneev V.P. Intense Cyclones in the Black Sea Region: Change, Variability,
Predictability and Manifestations in the Storm Activity // Sustainability. 2020. V.
12(11). P. 4468. DOI:10.3390/su12114468

9. Maslova, V.N., Voskresenskaya, E.N., Lubkov, A.S., Yurovsky, A.V. Temporal
Variability and Predictability of Intense Cyclones in the Western and Eastern
Mediterranean // Atmosphere. 2021. V. 12. P. 1218. DOI: 10.3390/atmos12091218

10. Lubkov A.S., Voskresenskaya E.N., Sukhonos O. Yu. Forecast of Precipitation
in Ai-Petri Area Based on Artificial Neuron Network Model // Water resources. 2022.
V. 49(4). P. 671-679. DOI: 10.1134/S0097807822040133

11. Lubkov A.S., Voskresenskaya E.N., Marchukova O.V. A New Approach to

Using Neural Networks for Long-Term El Nino and La Nina Forecasting // Izvestiya,
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Atmospheric and Oceanic Physics. 2024. V. 60. Suppl. 1. P. S46-S61. DOI:
10.1134/S0001433824700555 WoS Q4
12.  Lubkov A. S., Vyshkvarkova E. V., Voskresenskaya E. N., Shchodro A. E.
Forecasting Catastrophic Floods in Crimean Territory // Water Resources, 2024. V.
51(6). P. 960-967. DOI: 10.1134/S0097807824701197

Cratpu, onyOiarKoBaHHbIC B u3gaHusaxX u3 nepeuns BAK u PUHII:
I. JIlyokoB A.C., Bockpecenckas E.H., Kykymkun A.C. BoccranoBnenue
KJIIMMAaTUYECKHUX JTaHHBIX THIPOONTUYECKUX XapaKTEPUCTUK HA OCHOBE MOJAEIIMPOBAHUS
// Cuctembl KOHTPOJIsL OKpy:katoient cpenbl. 2013. Beim. 19. C. 162-165.
2. Bockpecenckas E.H., JlyokoB A. C., MapuykoBa O.B. IIpocTpancTBeHHas
kinaccuukanua Onb-Hunbo u ycnoBus ¢dopmupoBanus coositusa 2015 roma //
Cucrembl KOHTPOJISL OKpy»Katoten cpeabl. 2015. Boim. 2(22). C. 80-90.
3. MapuykoBa O. B., Bockpecenckas E. H., JlyokoB A. C. Cratuctuueckuii
nporHo3 Onb-HUHBO 2015-2016 romoB m ero Bepudukanus // CUCTEMBI KOHTPOJIS
okpyxaroreit cpeanl. 2016. Beim. 4(24). C. 80-90.
4. JlyokoB A.C., Bockpecenckas E.H., MapuykoBa O.B. CoBpemennas
kjnaccupukauus Onb-HUHBO M COMOCTaBlIEHHWE COOTBETCTBYIOLIMX KIMMAaTHUECKUX
OTKJIUKOB B ATiaHTHKO-EBpasuiickoM peruone // CucTeMbl KOHTPOJISI OKPYKaIOIICH
cpenasl. 2017. Beim. 7(27). C.: 94 — 100.
3. JlyokoB A.C., Bockpecenckas E.H., Mapuykoa O.B. OObektuBHas
kinaccuukanua apieHuid Onb-Hunbo // Mcnonp3oBaHwe M OXpaHa MPUPOIHBIX
pecypcoB B Poccun: HUA-IIpupona, 2017. Ne1(149). C. 41-44.
6. JIyokoB A.C., Bockpecenckas E.H., MapuykoBa O.B., XKypasckuii B.IO.
[IposiBnenune coObiTHii Dnb-Huabo B UepHomopckom pervone // CucreMbl KOHTPOJIS
okpyxatomeit cpenbl. 2018. Beim. 4 (34). C. 94-101. DOI: 10.33075/2220-5861-2018-
4-94-101
7. JIlyokoB A.C., Bockpecenckas E.H., MapuykoBa O.B. Temneparypnsie
anomasimu B EBpome B xomomnbiii nepuon B cBs3u ¢ DHIOK // Cuctembl KOHTPOIIsS
okpyxatomiei cpeapl. 2019. Bem. 2 (36). C. 73—80. doi:10.33075/2220-5861-2019-2-
73-80
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8. JlyokoB A.C., CredanoBuu A.A., Bockpecenckas E.H., Bpimksapkosa E.B.
buoknumaruueckue ycnoBuss Ha KypopTax KpbiMa: cocrosHue u mporHos //
Hcnonb3oBaHue U oxpaHa npupoaHbIix pecypcoB B Poccun. 2020. Ne 1(161). C. 60—65
9. JIlyokoB A.C., Bockpecenckas E.H. Meronq HEHpOHHBIX ceTed s
KJIIMMAaTUYECKOr0 MPOTHO3UPOBAHUS BOJHOCTH YepHOpEUeHCKOro BOAOXpaHuiauma //
CucteMbl KOHTpoOJisi Okpyxatomeid cpeasl. 2021. Bwim. 2(44). C. 16-28. DOI:
10.33075/2220-5861-2021-2-16-28

10. JlyokoB A.C., Bockpecenckas E.H., MapuykoBa O.B. HoBblii nomxom k
MCMOJIb30BAaHUIO HEMPOHHBIX CETEW ISl AOJITOCPOYHOTO MporHosza nb-Huabo u Jla-
Hunps // ®ynnamenTtanbHas u npukiagaHas kiaumartonorus. 2023. T. 9. Ne 4. C. 432—
466. DOI: 10.21513/2410-8758-2023-4-432-466

11. Mapuykoa O.B., Bockpecenckas E.H., JIyokoB A.C. SBnenue Jla-Hunbs 2020—
2021 rr. m ero mpossieHus B EBponeiickom peruone // Cucrembl KOHTPOJIS
okpyxatomeid cpeasl. 2023. Bem. 1 (51). C. 7-14. DOI: 10.33075/2220-5861-2023-1-7-
14

Crpykrypa u 00beM padoThI

Jlucceprauusi COCTOUT W3 BBEICHHS, YETHIPEX TIJaB, 3aKJIIOYCHHsS, CIUCKA
MCIIOJIb30BaHHBIX HICTOUHUKOB U TPEX MPHUIOKEHUM.

B I'maBe | mnpencraBieHO COBPEMEHHOE COCTOSIHUE HM3YYEHHOCTH SIBJICHHS
OHIOK, o6cyk/IeHbl TOYHOCTh MPOTHO3UPOBAHUS 3MMK30/10B b-Huubo u Jla-Hunbs,
BKJIIOYAs UX THUIIbI, U CBSI3aHHBIC C STUMH SIBJICHUSMHU PETMOHAIBHBIC KIMMATHYECKUE
oTKIMKKM. Ha oOcCHOBe JMTEpaTypHBIX MCTOYHUKOB 00000IeHAa HWHPOpMALMS O
CYIIECTBYIOIIUX MOJENSIX, MNPUMEHSIeMBbIX [JIsi mporHo3a coOeituii DHIOK, wu
NPUBEACHBl pe3ylbTaThl WX cpaBHeHUsA. (Oco0oe BHUMAHHME YJEJICHO MOJEISM,
OCHOBAaHHBIM Ha JTOPUTMAX MAIIMHHOTO OOY4YEeHHS, B YACTHOCTH, MHOTOCJIOMHOMY
nepcentpony 1 MHC ray6okoro oOywyenus. B I'maBe 2 ommcaHbl HCHONb3yeMble
MacCUBbl JIaHHBIX, NpHUBEAEHa OIEHKa uX KadectBa. Onucan wmeToJ oTOopa
KIMMAaTUYECKUX WHACKCOB JJIsl TMpejjaraeMod B paboTe MOJACIM U alTOPUTM
npeaBapuTeNbHOM  00pa0oTku naHHbIX. B ['nmaBe 3  moapoOHO —omuckIBaeTcs

paspaboTanHast Mojelb, ocHoBaHHas Ha UHC, paccMoTpeHbl TeCThl MOJIEN Ha OCHOBE
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MCKYCCTBEHHO CO3J[aHHBIX PSIIOB JAaHHBIX, IMUTHPYIOIIUX KIMMATHYECKUE KOJIeOaHNs,
U peajbHBIX JIAHHBIX HaONI0eHu Ha nipuMepe cTtoka p. dynail. 'maBa 4 npencrapiusier
OCHOBHBIE TIOJIyYEHHBIE pPE3yJbTaThl HCClEeNOBaHUsA. B Heill MaHbl OLEHKH TOYHOCTH
pa3paboTaHHOW MOJIeNIM, TMPOBEACHO CpaBHEHUE C JAUHAMUYECKMMU MOJEISMU
nporuo3a DHIOK u coBpeMEHHBIMH CTaTUCTUYECKUMHU MOJIENISIMH, OCHOBAaHHBIMU Ha
QITOPUTMAX TIIYOOKOTO O0yUCHHUS.

O6bem paboTsl coctaBisieT 178 crpanunl. TekcT uccnenoBanus WITIOCTPUPOBAH
36 pucynkamu. bubmmorpaduueckuii Cnucok BKIOYaeT B ce0s 195 mHammeHoBaHUi, B
TOM uncie 168 Ha aHTIIMICKOM SI3BIKE.

baarogapuocTu

ABTOp HCKpEHHE OJIaroJjapuT CBOETO HAYYHOIO PYKOBOAMTENS, JOKTOpPA
reorpadguyeckux Hayk, npodeccopa E.H. BockpeceHckyro 3a npeocTaBlieHHYIO TeMY U
UJCI0 JUCCEepPTallMM, TPAMOTHOE PYKOBOJACTBO M IIEHHBIE PEKOMEHAAIMU. ABTOP
MpU3HATEJIEH 3a TOMOINb CBOEMY KOJIJIETE W COaBTOPY MHOTHX ITyOJHUKaIUi

Mapuyxkosoii O.B.
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I'/TIABA 1. 9JIb-HUHbBO - IO’ KHOE KOJIEBAHUE: TPUYUHbI
BO3HUKHOBEHUA, KIACCU®PUKALIUA, KIMMATUYECKHUE
HOCJIEACTBHUA U TPOBJIEMBI ITPOI'HO3UPOBAHUSA

1.1. Duab-Huubo — FO:xHOE KOJIe0aHne

OmgnuM w3 HauOosiee BBIPAKEHHBIX KIMMATUYECKUX SIBIICHUW, WMEIOIIUN
rII00aNbHBI OTKIMK B pa3HbIX palioHax 3emiH, saBisercs Onab-Hunbo — IOxHoe
konebanue (OHIOK). OHIOK — rnoGanbHBIM KBA3WMEPUOJUUYECKUN  TIPOIIECC
MEXr0/I0BOr0 MacumTada C XapakTepHbIM IEPUOJOM OT JABYX 10 cemu Jjer. OH
IPOSIBIISIETCSl KaK MepBasi MOJIa MEXKIOJIOBOM M3MEHYMBOCTU TJIOOQIBHBIX AHOMAJIMUI
TeMriiepaTypsl moBepxHoctu okeana (TI1O), Bkian koTopoit coctaBisier 18% oT obmiei
nucrepcun [Philander, 1989; Deser et al., 2010].

Hcropust cranoBneHus: HayuHbiX 3HaHuid o0 DOHIOK nawanace 6ornee momyropa
BEKOB Ha3aj. CBOMM Ha3BaHHEM OHO O053aHO MEPYaHCKUM pbl0aKkaM, KOTOpbIE B
nepuos PokaecTBa 3ameuanu moTersieHue BoJi Tuxoro okeana y OeperoB HOkHOI
AmMepuku 0T OJKBajgopa 10 ceBepHoro Ilepy. DTo Temoe Te4eHME B YECTh
PoxnecTBEHCKOro mpasgHUKa NOJYYWJIO Ha3BaHHWE Oib-HUHBO, 4TO B mepeBoje ¢
UCIIAHCKOTO  O3HAayaeT «MJajJeHel, Majabuuk». (OCOOEHHOCTh ATOr0 TEYEHUs
3aKJII0YajI0Ch B TOM, YTO XOJIOJHbIE, 00OralleHHbIE KIUCIOPOAOM BOAbI 3ariayOIsIuCh, a
Ha CMEHY UM MPUXOJUJIU TEIJble, MEHEE HACBILIEHHBbIE MUTATEIbHBIMU 3JEMEHTaMU
BOJIbI, B PE3YJIHTATE YEr0 PHIOHBIN YJIOB 3aMETHO COKPAILIAJICS.

B navane XX Beka ['mnbept Yokep uzydast usMeHeHUs] aTMOC(EPHOTO J1aBIICHUS
Ha ypOBHE MOPS B 3aIlaJHON U LEHTPAIbHOM 4YacTAX Tuxoro u MHAUNCKOrO OKEaHOB
[Walker, 1924], 3ametun: korga arMochepHoe naBieHUE B MyHKTe mopT JlapBuH B
ABCTpajiiM TOBBIIIAETCA, TO B MyHKTe 0. Tautu B THXOM OKeaHE OHO MaJaeT, W
Ha00OpOT. DTOT MPOLIECC U3MEHEHHUS B MPU3EMHOM JIaBJICHUH, MTOJOOHBIA «KaYeIsIM,
Yokep nazpan KOxuasim Konebannem (FOK). B konme 1960-x, nmpodeccop . beepknec,
UCIIONB3Yysl JaHHble, coOpaHHble 3a 1957-58 rr., W CylecTBOBaBIIME Ha TO BpeMs

uccienoBanusi [lepyaHckoro mMpUOpPEKHOTO TEUYEHUsS, omnpenenuna (HU3UIECKUE
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MEXaHU3Mbl, CBs3biBarole usMmeHeHus TIIO B BOCTOYHO-IKBATOPHUAIBHOM YacTH
Tuxoro okeana Bosu3u nodepexns Ilepy n DkBagopa ¢ U3MEHEHUSIMHU JaBJICHUS HAJl
ypoBHEM Mops 3anaaHoi yactu Tuxoro okeana [Bjerknes, 1966]. Buauane 1980 r.
Obu10 ompexaeneHo, uro Onb-Hunbo u HOxnoe Konebanue sBIAIOTCS ABYMS
XapaKTEpUCTUKAMU OJHOTO OOJIBIIOTO Mpoliecca B CUCTEME OKeaH-aTMoc(depa, KoTopoe
noixyuuio HazBaHue Dib-Hunbo — FOxxnoe Konebanne [Rasmusson, Carpenter, 1982].
Pacemotpum noapo6no DHIOK u ero anoMmanbHble COCTOSIHMSI, B3SIB 32 OCHOBY
[ApramonoB u ap., 1991, Ilononckuii, 2008]. B 00buHBIE (HEaHOMAIbHBIE) TOJbI
HUPKYJSALIKSA BOJ B TPONMUYECKOM 30HE THXOro okeaHa XapaKTepuU3yeTcsl HalMuyueM
3amaHbIX naccaTHbix TedeHuil (CeBepHoro u FOxHOT0), BO30Y X AaeMbIX MMacCaTHBIMU
BETpaMH, W  CHUCTEMOW  BOCTOYHBIX  DKBATOPUAIBHBIX  IOJMOBEPXHOCTHBIX
npotuBoTeueHuil (MexkraccaTHOro NpoTUBOTeUeHHs, TeueHus: Kpomsemia, HOxHoro
9KBaTOpUaAIbHOrO mpoTuBOTeueHus). CeBepHoe W HOHOEe TmaccaTHble  TEUYEHUS
HaroHsIIOT TEIUIbIE TOBEPXHOCTHBIE BOJIBI B 3alaIHYIO YacTh Tuxoro okeana. ToiuHa
BEPXHEr0 KBa3MM30TEPMUUYECKOrO CJOs, TeMIieparypa KOoToporo mnpesbimaer 29°C,
nocturaer 3necb 150 M. Y BOCTOYHOro moOepexbsi BOAbI BEPXHETO TEPMOKIIMHA C
temneparypoil 20°C BBIKIMHUBAIOTCA K IOBEPXHOCTU. B pesynbpTare coznaercs
IPaJveHT N1aBJICHUS, HANPABJICHHBIA HA BOCTOK, YTO NMPHUBOJIUT K (POPMUPOBAHUIO B
OKPECTHOCTHM DJKBartopa mnpoTuBoTeueHus (TteueHuss Kpomsemna). J[lpyrue naBa
npotuBoTeueHusi, Mexmnaccarnoe u FOxxHoe skBaTopuanbHOe, GOPMHUPYIOTCS B palioHe
mtuieBbix 30H B3K CeBepHoro u HOxxHoro nosymapuii, npuoJIU3uTeIbHO MEXKIY 3 U 5
rpagycaMH, COOTBETCTBEHHO CEBEPHOM M FOKHOM IIMPOTHI. MIHTEHCHBHOCTBH CEBEPO-
BOCTOYHBIX MaccatoB CeBEepHOro Moaymapus 0OBIYHO BO3pACTaeT B 3SUMHUMN TIEPHO/T U3-
32 YCWIEHMS UMUPKYJALMOHHOM syeiiku Xsamm B armocdepe, 0OyCIOBIEHHON
Pa3HOCTBIO TEMIEpaTyp MEXAYy MojitocaMd U HKBAaTOpoM. COOTBETCTBEHHO IOTO-
BOCTOUHBIN maccaT HOHOTO momymapusi UHTEHCU(DUIIMPYETCS B TMEPUOJ YCUIICHUS
HUpKyJssuuy X34 3umMoi FOxkHoro nosytiapus (T.€. getom CeBepHOro moJryIiapus).
Takol Ce30HHBIM NHMKI aTMOC(EpHON IUPKYIAINUA TMPUBOAUT K BHYTPUTOJOBHIM
BapUaIUsIM UHTEHCUBHOCTH M PACXOJI0B 30HAJILHBIX TEUEHUH, 3aMa3IbIBAIONIUX 10 (aze

OTHOCUTCIIBHO CC30HHBIX BapI/IaI_II/Iﬁ o1 BETpa. OI[HOBpeMeHHO HU3MCHIACTCA



20

30HAJIBHBIA TIE€pEenajg TEeMIEpaTypbl Ha IIOBEPXHOCTHM OKeaHa. Bwmecte ¢ Tewm,
3HAUYUTENbHBIE KIIMMAaTUYECKUE 30HAIbHBIC TPAJUEHTHl TEMIEPATypbl HA TOBEPXHOCTH
OK€aHa B JKBAaTOPHUAIBHOW 30HE MPUBOIAT K (POPMUPOBAHUIO B OSKBATOPHAILHOMN
aTMocepe HUUPKYJISIIIUOHHON siueiiku Yokepa. OHa XapakTepusyeTcs BOCXOISIIMMU
JBIKEHUSMHM B 3aI1a/IHON YacTH aKBaTOPUM (BO3HUKAIOUIUMU BCIIEJCTBUE NHTEHCUBHOM
KOHBEKIIMU HaJl 00JIACTBHIO TEIUIBIX MOBEPXHOCTHBIX BOJI), HUCXOASIIUMUA B BOCTOYHOM
4acTH OKeaHa (B 00JIACTH anBeJUIMHIA), BOCTOYHBIMU BETpAaMU B HIKHEW U 3araJHbIMU
- B BepxHed Tpomocdepe. YcuieHue IMaccaToB COMPOBOXKIACTCS YBEIUYCHHEM
30HAJIBHOTO T'paJii€HTa TeMIIEpaTyphl B BEpXHEM CJIo€ OKeaHa. TakuM o0pazoM, MExIy
VHTEHCUBHOCTBIO I1aCCaTHBIX TEUYEHUW W LUPKYJLUMEeW YOKepa CyLIEeCTBYET
MOJIOKUTEINIbHAsE 0OpaTHAs! CBA3b.

Knaccuueckold u Hanbosee TPUHUMAEMOM CXEMOU 3apOKIEHUS U DBOJIOLMU
One-Huabo cuurtaercs cxema oOpatHoi cBs3u  S.beepkHeca [Bjerknes, 1966].
[IpuBenem ee mnoapoOHoe omnucanue. TunuuHoe Onb-HUHBO HauMHAETCs BECHOM
CeBepnoro mosymapus. [Ipoucxogut peskoe ocnabiieHue siuedku Yokepa, 4TO
COMPOBOKJIA€TCsl OCJIa0JICHUEM TacCaTHBIX BETPOB. Berep B HuxkHeW Tpomocdepe
MOXET UMETh MPHU 3TOM J1a’K€ HE3HAUUTENIbHYIO 3anagHyro komnoHeHTy. Munekc FOK
CTAaHOBUTCS, COOTBETCTBEHHO, OTPHUIATEIbHBIM. Pe3koe H3MEHEHHE aTMOCQEPHBIX
YCIIOBUM BBI3BIBAET OBICTPBI OKEAHMYECKUH OTKIIMK, HOCALIUN XapakTep CBOOOIHBIX
DKBAaTOPHUAIBHO-3aXBAYEHHBIX  BOJH. Macca  TemioW  ITOBEPXHOCTHOM  BOJBI
YCTpPEMJISICTCSl M3 3alajJHOM B BOCTOYHYHO YacTh aKBATOPUU U (OPMHUPYET TEIUIYIO
AHOMAJIMIO B LICHTPAJIbHOW M BOCTOYHOM YacTAX 3KBATOPUAJIBLHOW 30HBI THXOr0 OKeaHa,
JOCTUTAIONIYI0O M Jla)ke MpPEeBbINIAIOIY0 B OTAeabHbie roabl S5°C. Bpewms
pacnopoCTpaHEHHsI ITOM aHOMAJIMM Ha BCKO AKBATOPUIO COCTABIISIET HECKOJIBKO MECSIIEB
U OIPEIEIAETC CKOPOCTHIO 3KBATOPUAIIBHO 3aXBAYEHHBIX BOJH. B mepuona pa3ButTus
OHIOK ycunuBaeTcs BcA cucTeMa 3KBaTOPUATbHBIX TPOTUBOTEUEHUH, YTO MPUBOJIUT K
Moau(DUKAIIUK TIapaMeTPOB CBOOOJHBIX HSKBATOPUAJBHBIX BOJH IO CPaBHEHUIO C
TOPU30HTAIBHO-OJHOPOIHBIM OKEAHOM.

OnHOBpEeMEHHO C TeHepalnuel CBOOOJHBIX BOJH U MHTEHCH(HUKaIuen

HKBATOPUAIBHBIX MPOTUBOTEUYCHUM OCIIa0JICHUE MAacCCaTHOM NMHUPKYJSAIUUA B atMocdepe



21

MPUBOJNUT K OCJIAOJCHUI0 MPUOPEKHOTO amBesuiiHra. OHO BBI3BIBACTCS aHOMATUSMU
MEpUIMOHAJIbHBIX BETPOB MaccaTHOM 30HBL. [loCKOIBKY BpeMsi pacnpoCTpaHEHHUS
AKBATOPHUAIBHBIX BOJIH OT OJHOro Oepera Tuxoro okeaHa J0 APYroro CyHI€CTBEHHO
MPEBBIIIAECT BPEMs pellakCalluu MPUOPEKHOTO aNnBEJUIMHIA K U3MEHEHHUSIM JIOKaJIbHBIX
BETPOBBIX YCIIOBUH, MPOUCXOIAIINX BO BCEH IMACCATHOM 30HE, TEIUIBIE AHOMAJIUU
MMOBEPXHOCTHOM TEMIIepaTyphl BHAYajIe OTMEYAIOTCS Ha OeperoBbix cTaHiusx HOxkHOI
AMEpPUKH, paCTONIOKEHHBIX K 0Ty OT 5°0.11.. OHM BO3HUKAIOT MOYTH OJHOBPEMEHHO
co cmeHoi 3Haka umHAekca FOK, T1.e. BecHoit CeBepHoro mnonymapus. B paiione
AKBATOpA MOTEIICHUE TOBEPXHOCTH OKEaHa OOBIYHO MTPOUCXOIUT HA 2-3 Mecslla MO3xKe.
B pa3ButMM W TNOAEPKAHUM BBICOKOAMIUIUTYAHON TEIUIOW AaHOMalIMM B OKEaHE
MPUHIUNHATBHYIO POJIb UTPAET MOJIOKUTEIbHAsI 00paTHas CBSI3b MEXIAY aHOMAaTUSIMU
TEMIIEPATYPhl BOJIBI U aHOMAJIUSIMA MHTEHCHUBHOCTHU SIYEMKH Yokepa. [[elicTBUTENBHO,
dbopmupytomasicas B HadalnbHbI mnepuon passutus OHIOK Temnas anomanus B
npubpexxHot 30He HOkHOW AMEpPHUKH CIOCOOCTBYET OCIAONECHUIO IUPKYJISLHUA B
suelike Yokepa WM, IPyTUMH CJIOBaMH, OCJIa0JICHHUIO MMACCATHBIX BETPOB B IIPUBOIHOM
cio€. 9T0, B CBOKO OYEPEb, MPUBOJINUT K TAIBHEUIIIEMY PA3BUTHIO TEIUJIOWM aHOMAJUU B
BOCTOYHOW M LEHTPAJIBHOM YACTAX SKBATOPUAIBHOM 30HBI TuUxoro okxeana. Tosbko
nocyiie Toro, Kak cGhOpPMHUpPYETCS YCTOMYMBAST aHOMAJusi TEMIIEpaTypbl BOJBI Ha
OoJibllIel YacTH aKBaTOPUM SKBATOPUAIbHOM 30HBI THXOro okeaHa, OHa HayWHaET
OKa3bIBaTh MPSIMOE BIMSHUE HA MHTCHCHUBHOCTH IUPKYJIAIUH X3, ATMoc(epHbie
aHOMAaJIuU o0ecrneynBaroT dbopmupoBaHue r100aIbHOTO OTKJIUKA
TUAPOMETEOPOIOrnyeckux nosiel. OObIYHO 3TO npoucxoAauT B KoHie roga DHIOK (“0-
i rox’) mo tepmuHonoruu [Rasmusson, Carpenter, 1982], wnu B mepBbI MecsIl
cieayromiero, (“+1 roma”). AHOMaIbHO TeIUiasi BOJa B SKBATOpUAILHON 30HE THUXOTO
OKeaHa MHTCHCUPUIIUPYET MUPKYISIITUI0 XOJIA 32 CYET YBEIUUYEHUS (110 CPAaBHEHUIO C
OoObIYHBIMU ~ Benmu4uHamu) pasHoctu TIIO wmexay momocamMd H - OKBATOPOM.
Nutencudukanus syeiiku X3JIM NMPUBOJUT K YCWICHHUIO IMACCaTHBIX BETPOB U K
BOCCTAaHOBJICHUIO OOBIYHOM KJIMMATHYECKON CUTYyallMH B OK€AHE WU K BO3HUKHOBEHHIO

MIPOTUBOIIOJIOKHOTO siBicHUs Jla-HuHbs.
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CymectByet psn teopetndeckux cxem DHIOK [Neelin et al., 1998; Lin, 2009],
KOTOpbIE TaK WJIM MHAY€ MOATBEPKIAIOT U JIOMOJHAIOT 00paTHyto cBsi3b . brepkHeca.
Cpenn HuUX Teopusi croxactudyeckoro BosaeictBusi [McWilliams, Gent, 1978; Lau,
1985], Teopus ocumUIATOpa  «3arpy3ku-pasrpy3ku»  [Jin, 1997], Tteopus
3anazjpiBarolero ocumwuiaropa [Suarez, Schopf, 1988; Miinnich et al., 1991], Teopus
OCHIJIISITOpA aIBEKTUBHOTO OTpakeHus [Picaut et al.,, 1997] m Teopus 3amamgHO-
TUXOOKeaHcKoro ocuumsitopa [ Weisberg, Wang, 1997].

OnHako COBpPEMEHHBIE KIMMATHYECKHUE MOJIEIHU, BKIIIOYAIOIIUE 3TU CXEMBI, MO-
NPEKHEMY MCHBITBIBAIOT TpyAHOCTH npu MozenupoBanun (a3 DHIOK u Becpma
YYBCTBUTEJIbHBI K pa3UyHbIM (pusudyeckuMm mnapamerpam [Lin, Qian, 2019]. Teopuu
moayssiuun DHIOK ynoOHBI ayig 00bsicHEHHs 0OpaTHOW CBSI3M MEXAY arMochepoil u
OKEaHOM B MOMEHT, KOTJla MHTEHCU(DUIMPYETCS U IBOIIOIMUOHUPYET Dib-HUHBO U
nocyie. OHM Takke MOTYT 0OBsCHATH YepenoBanue ga3z IHIOK, ognako sty Teopun He
OOBSICHSIIOT MPUYHUHY, 110 KOTOPOU MPOUCXOAUT MHTEHCU(DUKAIUS LIUKJIA.

OcHOBHBIM  (haKTOpOM, TPEAIISCTBYIONUM SIBICHUIO ib-HuHbO, CIyKuT
aHOMAJIbHO BBICOKUM O0BEM TEIION BOJABI B SKBATOPUATILHON YacTH TUXOro okeaHa.
Takast aHOMaJIUsT MOXKET OCTaBaThCs JIMTEIHHOE BPEMSI HEMOABHKHOM, 10 MOMEHTa
HEKOTOPOTO BBICOKOYACTOTHOTO BO3MyIieHHs aTtmocdepbl [McPhaden, Yu, 1999;
Vecchi, Harrison, 2000; Fedorov et al., 2015]. MnTencudukamus oOpaTHON CBSI3U
S.bbepkHeca MPOUCXOIUT MO pUUrHE cOOBITHI 3amannoro Betpa (C3B) nan 3amagHo-
HKBATOPHAIBHBIM TEIJIBIM OacceiiHoM Tuxoro okeaHa, KOTOpbIE JOJIO€ BpeMs
CUUTATIOCh CTOXaCTHUYECKUM MPOIIECCOM.

B panneit pabore [Zhang, Gottschalck, 2002] O6pUT0 TIOKa3aHO BIWSHHE
kojiebanust Mannena-/xymuana (KMJ[) nma OHIOK. 3abGnaroBpeMeHHOCTbH TakKoOro
Bo3/AeiicTBUs paBHsmack OoT 4 nmo 12 wmecsueB (koppemsiums 0.4-0.5). Takke
o0cyX/1aach B3aMMOCBSI3b C a3UMATCKUMHU W aBCTPATMHCKUMHU MYCCOHHBIMU BETpPaMH,
aHOMAaJIMU KOTOPBIX MOTJIU NpuBOaUTh K C3B, a Takke peryaupoBarh TN Iiab-HUHBO
[Xu, Chan, 2001]. Heckonbko no3xke uccienoBarenu cBsizanu C3B ¢ konebannem KM/
[Chiodi et al., 2014; Puy et al., 2016; Liang, Fedorov, 2021]. Tak B pa6ote [Chiodi et

al., 2014] 6p110 mOKa3aHo, uTo coObiTUss KM/l BO BTOpOH IOJOBHMHE BECHBI, KOTJIA
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unaexkc KM/JI npessiman 1, a KMJI mHaxonunacek B 6-7 (a3e (KOHBEKIIUS HaJ 3amaHON
yacThlo Tuxoro okeaHa), compoBoxaaembie C3B, mpuBoasST K HWHTEHCHU(DUKAIUU
’KBATOpUAIbHOW BOJIHBI KenbBHHA, TEM caMbIM 3amyckas siBiieHue Onb-Hunabo. Takoe
MOBEJICHUE OBbLIO OTMEUEHO JUIsi BCEX HAOMIOJaeMbIX HMHTEHCHUBHBIX Oiib-HuHBO 3a
nepuos 1986-2010 rr. Anomanus TIIO, 3axBaueHHass BonHoW KenbBHHA, JOCTUTAET
oeperoB Jlatunckoit Amepuku Ha 80-100 gens. Opnako Onb-Hunabo 2014 rona,
KOTOpOE JTOJKHO OBLIO CTaTh OJHUM U3 CHUJIBHEHIIMX 32 BCIO MUCTOPHUIO HAOIIOJCHUN,
UHTCHCU(PHUIIMPOBAIOCh TOJIBKO BECHOW CIEAYIONIIEr0o TO0/Aa, YTO PAacCMOTPEHO,
Hanpumep, B [Levine, McPhaden, 2016; Puy et al., 2019; Hu, Fedorov, 2017].

ABtopsl [Puy et al., 2019] mpunum k BbIBoay, 4To coOwitne 2014 ropa,
IIPOTHO3UPYEMOE MOJIETSIMU KakK cynep-Oib-HUHbO, HE MPOU30LUI0 M3-32 OTCYTCTBUS
noayepxxku CB3 B MoMeHT »BosOIMU Diib-HUHBO, 4TO IPUBENIO K HAOIIOECHUIO JIUIIb
cimaboro coowiTuga. B To Bpems kak Onb-Hunwo 2015, camoe MHTEHCHBHOE 3a BCHO
UCTOPUIO HAOJIOJIEHU, TOAIEPKUBAIOCh peryasipHbiMu CB3. ABTOpPBI A€Nat0T BBIBOJ
o BaxxHoctu CB3 B nepuoj MIOHb-HUIOIb.

B 1o xe Bpems aBTopsl pabotsl [Liang, Fedorov, 2021] cBs3anu npobiiemy Dib-
Hunbo-2014 ¢ orcyrctBuem ycuwiennss C3B ¢ MOMOIIBIO TPOMUYECKUX ILIMKIOHOB.
ABTOpPBI IEMOHCTPUPYIOT, YTO TMOJJEPKKA CMEIIEHHBIX OJIKe K IKBATOPY
TPONMUYECKUX IIUKIOHOB YPE3BbIYANHO BaxkHa JJIs1 MHTeHcUuPukauuu Onb-Hunpo. Tak
o pesyiapTaTaM ux wuccienoBanuii 74% anomanbHbix C3B B ce30H ¢ nmexkabps 1o
arnpesib CBA3aHbI C BIUSHUEM TPOIMMYECKUX ITUKIOHOB.

Hecmotpss Ha ycnexu B NOHMMAHHM CIIyCKOBOTO MexaHu3Mma Oinb-Hunbo,
MOJICIbHOE TIpOorHOo3upoBaHue coctossuus KM/ orpanudyeHo macmtabom, paBHbIM 15-
20 cyTkaMm, 4TO HE JAaeT BO3MOXHOCTH PACIIUPUTH 3a01aroBpEMEHHOCTh MPOTHO3a
WHTeHCUUKAIUU coObITHI Dib-Huabo u JIa-Huabs Ha Oosee MIUTENbHBIA IEPHOT.

MexronoBele  M3MEHEHUs  COCTOAHMSA  MHTeHcuBHocTH  KMJ[  moryt
peryaupoBaThCs TJI00AIbHBIMA MEXaHW3MaMHu B3aUMOJIEUCTBUS oKeaHa-aTMochepsl. B
MHOTOYHMCJICHHBIX HCClen0BaHmsX, HampuMmep [Yang, Xu, 1994; Sankar-Rao et al.,
1996; Bamzai, Shukla, 1999], moka3zaHa CTaTUCTUYECKH 3HAYMMasi CBSI3b MEXIY

aHOMaJIUAIMHU 3HUMHCIO CHCXKHOI'O IIOKpOBa EBpaBI/II/I C JICTHUMH HHﬂHﬁCKHMH
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MYCCOHHBIMU OCaJKaMH. Takasi CBSI3b MOXKET ObITh OOYCIIOBJI€HA KaK pPe3yJbTaTOM
HaJIM4Msl HEKOTOpOM aTMochepHON CBSI3U MEXIYy BBICOKUMH CyOTPONMHMYECKUMU
MIMPOTaMU, TaK M HAJIWYHUEM HEKOTOPOTro TiI00anbHOrO KojebaTeahbHOro mpoiecca B
riobanbHON cucteMe okeaH-aTMocdepa [Bamzai, Shukla, 1999]. Heckonbko mozxke
OBLJIO TIOKa3aHO, YTO AHOMAJIUM CHEXHOTO TMOKpOBa TakkKe CBs3aHbl C (azamu
Apkrrueckoro konebanus (AK). Tak B pabore [Bamzai, 2003] ormedeHo, dYTO
NOJIOKUTENbHAs/oTpuLiaTenbHass  aHoManuss AK B sgHBape  NPUBOAUT K
OTPHUIATEILHOW/TIOTOXKUTEIBHON ~ aHOMalMM CHEXHOro TmokpoBa B CeBepHOM
NOJIyIIApUHA B 3UMHHUN C€30H (C sHBaps mo amnpens). Otmetum, uro AK HM3HaYaibHO
oo ompeneneHo kak Cepepoarnantuueckoe kosebanue (CAK), momyuenHoe B
pe3yabTare paslioKEHUs] reonoTeHIMana Ha u3zoOapuyeckoid moBepxHOcTH 500 rlla
[Thompson, Wallace, 1998]. CAK sBmsercs konebanuem naBieHne B CeBepHOH
ATnaHTHKEe MEXIYy A30pCKMM MakcuMyMoM U HcimaHIckuM MHUHUMyMOM. B To ke
BpeMsi u3BecTHO, Hanpumep, [[lomonckuit u np., 2004; Polyakova et al., 2006], uto
kinmaT EBpasun B 3HaunTenbHOM ctenenu onpeaenserca CAK.

Takum o0O0Opa3oM, Ha OCHOBE aHajau3a JIUTEPATYPHBIX HCTOYHHUKOB, MOKHO
MIPEANOI0KUTh N (13%011§%0 CXemy VHULHALAU COOBITHI OHIOK,
3a071arOBPEMEHHOCTh KOTOPO# COOTBETCTBYET 6-12 Mecsiam:

1. Cocrosstnue CAK B gekaOpe-sHBape BIMSIET Ha CHEXHBIA TOKPOB
CeBepHoro noiyuapus;

2. AHOManmuu  CHEXHOro mnokpoBa (CeBepHOro mojymapus  3UMOU
MOCPEACTBOM HESBHOTO MEXaHU3Ma Mepe/laud KIMMATUYeCKOro CUTHaja BIIMUSIOT Ha
MYCCOHHBIE OCAJIKH JIETOM, CJIEIOBATEIBLHO, U HA HHTEHCUBHOCTH KM/I;

3. Nurencudukanus KM/ BeizbiBaeTr C3B U, npu yciaoBUH JTOCTATOYHOTO
HAKOIJIECHUsI 00beMa TEIUIOW BOJBI B 3amaJHO-dKBATOpHATbHOM Oacceiine Tuxoro
OK€aHa, MNPHUBOAUT K 3amycky Onb-Hunbo. B ciydyae mnopaepkku (OTCYTCTBUSA
noaaepxkku) C3B TponmuueckuMu HUKIOHAMU CcOObITHE Oib-HUHBO MOXKET OBITH
WHTEHCUBHOE (MEHEE HHTEHCUBHOE).

4. MakcumanbHas ¢daza Dnb-HuHbo gocTuraercst 3MMoin clieyromero roja.



25

1.1.1. Tunusanuda coobiTuii diab-Hunbo u Jla-Hunba

CoBpeMeHHbIE HUCCIEAOBAaHUS TMOKa3bIBAlOT, 4TO 3BoJronus coobiTuii DHIOK
HOCHT BO MHOTOM MHJIMBHUIyalbHBIN XapakTep. B nepBom necarmiernn X X1 Beka ObLI0
oOHapy>kKeHO, UTO pacrpejaeieHue Teriblx anomanuit TIIO B mepuop 3penoit ¢asbl
coobiTuil Dnb-Hunbo Bemet cebsi HetunuuHo. [locne 1990-x romos anomanus TIIO
cMmeniaeTcs: 00JblIe K 3araay OTHOCUTENBHO LEHTpalbHOW yacTH THXOro okeaHa o
CPABHEHUIO C aHOMAJIUSAMHU coObITUN Dinb-Huubo 10 1990 rona, 4ro Taxxe NpUBOAUIO
K 3HAYUTEIbHBIM HM3MEHEHUSM KOHBEKIIMU, BEPTHUKAJIBHOTO [BIDKEHUU BO3JyXa W
ocaakoB Haj Tpornukamu [Ashok et al., 2007; Yuan, Yang, 2012].

Knaccuueckue coObitust Onb-Hunbo, onucanneie B padotax [Bjerknes, 1966;
Rasmusson and Carpenter, 1982], ctanu Ha3bIBaTh «TUIMWYHBIMUY», «KAHOHUYCCKUMU)
nnu BoctouHo-TuxookeanckuM tunom Inb-Hubbo. OHAKO, HAPSALY C «TUIUYHBIMU
HaOJII0/1alICh COOBITUSI, KOTOPBIE 10 BPEMEHU HACTYIUICHUS, JIOKATU3AINN aHOMAJIUU
TIIO m no mpOoAOIKUTEILHOCTH 3HAYUTEIBHO OTIMYAIUCh OT HUX. DTOT APYroil THII
Onb-Hunbo umen pa3Hble Ha3BaHUs: «HESBHBIN» (ambiguous) [Kane, 1997], «Tpanc-
Hunbo» (Trans-Nino) [Trenberth, Stepaniak, 2001], «9nb-Huabo auHUU TEepeMeHbI
nat» (Dateline El Nino), [Larkin, Harrison, 2005], «9np-Huabo Mogoku» (Modoki)
[Ashok et al., 2007], «Temnsiit 6acceitn Dnb-Hunbo» (Warm Pool El Nifio) [Kug et al.,
2009], IlentpanpHo-tuxookeanckuit (LIT) tum Oae-Hunwo [Yeh et al., 2009].
XapakTepHOl OCOOCHHOCTHIO «HEKAHOHUYECKUX» COOBITHI Onb-Huubo sBisercs
dbopmupoBaHue 00J1acT MOJI0KUTENbHBIX aHoManui TIIO B nenTpe TponukoB Tuxoro
OKeaHa ¥ 00JacTH OTPUIATENbHBIX WM HEUTpaibHBIX aHoMammi TIIO vy
HOxxHOaMepuKkaHCKOro moOepexbsi B HaYaIbHYO (a3y.

Paccmotpum monpoOHell mpocTpaHCTBeHHBIC Kiaccudukanuu Oinb-Hunabo. Mx
OCHOBHOW OTJIMYUTEIHHOU OCOOCHHOCTBHIO CUMTaeTCs Jiokanmusamnus anomanuu TIIO.
Tak B knaccudukanuu [Kug et al., 2009], B K0OTOpoil HOBBIN TUI YIOMSIHYT Kak Teruibli
6acceitn Dnb-Hunpo, Ha ocHoBe psga TIIO 3a mepuox 1970-2005 BwimeneHo 3 Tuna:
Tennbiii OacceiiH, XOJOAHBINA SI3bIK M TPETHM THUI, UMEIOIIMM YepThl MEPBBIX ABYX,

TaK>Ke€ Ha3bIBACMBIN «CMEIIaHHBIM. MaKCI/IMYMBI ABYX OCHOBHbIX THUIIOB Ha6J'IIOI[aJ'H/ICI>
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B patione Nino 3 (5°c.m.-5%o.m., 150°3.1.-90°3.1.) = Nino 3.4 (5°c.m.-5°r0.1m. u
170°3.1.-120°3.1.). MakcuMyM CMEIIAaHHOTO THUIIA JIOKAJU3UPOBaH B pailoHEe ¢
KoopauHataMu S°c.m.-5%t0.11. u 150°3.1.-120°3.1.

Onna u3 HauOolsiee TPU3HAHHBIX, B TMEPBYIO OYEpElb, 3a CBOIO IIPOCTOTY
K1accupukanmii npuHamiexut nokropy C. Mexy n rpynme aBropos [Yeh et al., 2009].
Knaccudukanus npoBoaunach ¢ ucnonb3oBanueMm uHAekcoB Nino3 u Nino4 (5°c.m.-
5%o0.11., 160°B.1.-150°3.11.) B 3uMHUI ce30H (1ekadpb, sHBapb, pespaib). Eciiu ATIIO B
obmactu Nino3 mpesbimano mo 3HadeHnto ATIIO B Nino4, To tam OH cuurancs
Boctouno-Tuxookeanckum. Ilpu oOpatHoit cutyanuu tun OH Oyner lleHTpanbHo-
THUXOOKEaHCKUM.

Hpyroii moaxoJ HPOCTPAHCTBEHHBIX KiacCU(pUKAIMI Npeasio’keH B padoTax
[Ashok et al., 2007, Takahashi et al., 2011] Drtor mogxox OCHOBBIBAcTCS Ha
paznoxxenun TIIO B skBaTopuanbHOM W Tponuueckod obOmactu Tuxoro okeaHa Ha
smnupuueckue oproroHanbHbie GpyHkuun (30d). B padote [Ashok et al., 2007] 3a 26
netHuii niepuos 1979-2004rr. PaznoxkeHwe mokaszano, 4TO BTOpas Moja, Ha3BaHHas
Mopoku, oobsicusier 12% nucnepcun. Taxxe aBTOpaMu ObUT MPEIJIOKEH UHACKC DJib-
Hunbo Mopoku (MOM), npeactassitontuii u3 ceds Boipakenne MOM=A-B-C, roe A
pacnosioxkeHo B paione (165°B.1.-140°3.x1, 10° r0.m1.-10° c.am.), B — (110°3.1.-70°3.1.,
15%o0.1m1.-5° c.m.) u C — (125°B.1.—145°8.1., 10°10.111.—20°C.111. ).

OO0OO0IIEHHYI0 CXeMy BCEX IPOCTPAHCTBEHHBIX KJacCU(UKAIUN  MOXKHO
MOYEpIHYTh, K MpUMEpy, U3 coBpeMeHHOM pabotThl [Ludescher et al., 2023]. Cxema

npuBOaUTCA Ha puc. 1.1.
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Method 51153|57(58|63|65|68(69(72|76|77(79|82|86|87(91|94|97(02(04|06|09(14|15|18
Ashok 2007 EIIES C | C | C | C | C [NENNESINES C ES|NENIREN) C | C [MEN| C | C [RER| C [NESIEE
Feng 2020 E E ES|SES] C ESSEN| C ES[RE C | C |REN| C | C [EES| C E
Kao 2009 Bl C|ClClC|C]Cc|Cc[sENNER C| C |8ER C|C|C|CIHENC|C C B C
Kim 2009 E E ES|SE C |EESINE E E|CICIE|C]|C
Kug 2009 E E ESIMEd C ES|NES C EIMIMIM|CIE|C|CI|E|C|E|E|M
Larkin 2005 E E C [REY| C [RESISES(NEY| C | C |BES| C [FES|EEN C [RESIEE
Ren 2011 ESl C [BES| C | C [BEN C [BEUISESISES| C ENISEN| C [RES| C |REH| C | C [BES| C
Takahashi 11 E C &llElle E EIlMIC|ICIC[EENC|CI|CIC M| C
Wiedermann 16 C|8E8 C | C|8EN C | C [SESISES) C |C SES| C|CIC |CBES|C | C | C | C | C |FE
Yeh 2009 E E ES[AEN C |RES|SESIUEN C |SES|SESISENSESIRES) C [BES) C | C [§E M
Yu 2013 MIM|C ClC|C|C[M|M[C EIM[CICICIE|C[CIM|[C
Consensus E8] C JBES| C |'C |BE8 € | M [SESISES| C | C [EES| M |M ||€ |IC [EEH| € | C |SES|'C |SES|EES] C

Pucynox 1.1 — O606mennas cxema kinaccudukanuu 11 mogxonos [Ludescher et al.,
2023]. Hudpsr B mepBoM psaty 0003HAYAIOT ABE MOCieHUE TUGPBI ro/1a Havata iib-
Hunpo. [IByxnernue Dnb-HuHBO npeacTaBieHbI KaK JBa OTACIbHBIX Toa. BT Dinb-
Hunbo ormeuens! 0ykBoit «E» (opamxkessiit 11BeT). LT Dab-Hunbo oTMeueHbl OykBOi
«C» (cunuii uset). CoowiTust Dnb-HuHb0, OTMEUeHHBIE OYKBOM « M) - CMEIIIaHHBIE U HE

uaeHTuuuupyroTcs kak ynuctble coobitust BT nnu LT tuna

[ToMuMO MPOCTPAHCTBEHHOIO MOJIX0/1a K Kiaccupukauu Iiib-HUHBO OTMEUYEHBI
Y HETPUBHUAIBHBIC METObI KJIacCUPUKAIIUH.

Tak, pacnpocTpaHeHue ToJydWia Kiaccu(ukaiys, OCHOBAaHHAs Ha BPEMEHHU
Hayaja coObIThs. ABTOpHI padoThl [Xu, Chan, 2001] 3a MoMeHT Havasia DH npuHuMaiu
mecsil, korna TIIO B meHTpanbHOM MPUIKBATOpPHATBHOM paiioHe Tuxoro okeana (5°
f0.11.—5° cam., 170°-120° 3.n1.) Ha 0.5°C mnpeBbilIaga MHOTOJETHIO HOPMY
(cpennemecsunoe 3HaueHue 3a 1950-1997 rr.). Ha ocHOBaHMM 3THX JaHHBIX 33 IEPUOJ
1950-1997 rr. oHu BhiAenuan 6 BECEHHHUX (HAYallo B ampesie WM Mae) U 6 JIETHUX
(Hauanmo B uroJie WM aBrycte) coObITui. IlocTpoeHHBIE KOMIIO3UTHI MOKA3alld, YTO
BeceHHHe coObITHsl Oonee mHTeHCHBHBIC (Bbiie ATIIO) m Oonee miuTenbHBIE, YeM
JeTHUE. ABTOPBI TakKe MOJPOOHO OMUCaIU aTMOC(EepHbIE U OKEAHWYECKHUE YCIIOBUA,

MPEAIECTBYIOINE TOMY UM HHOMY Tuity OH.
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Yacte wuccienoBareneid s TUNHM3ALMM  HUCIOJIb30BAaJla  KOJMYECTBEHHBIE
xapaktepuctuku Onb-Hunbo. B paborax [Hanley et al., 2003; Quinn et. al., 1987] u
JIp. aBTOPBI CUUTAJH, YTO OJHO coObiTHe DH OT Apyroro oTIMYaIoOCh TOJBKO MO CBOEH
MHTEHCUBHOCTH (T.e. o BenuurHe aHomanuu TTIO y [lepyanckoro modepexps, 1udo B
HEHTpaJIbHBIX palioHaXx TuXoro okeaHa) WU OOBIYHO BBIACISIIM CHIIbHBIE U ciaOble
COOBITHS.

ABtopsl pabotsl [Horii, Hanawa, 2004] na ocHoBanuu uccienoBanus ATIIO B
uentpe Tuxoro oxeana 3a 1871-2000 rr. Takke Bblaeauiau 2 Tuma coObiTuid OH:
BECEHHMI (Ha4yajo anpeib-uioHb) U JETHE-OCEHHUN (Hayalo Uioib-OKTA0ph). Becennue
OH ornnuanuce 6onee Beicokumu BennmunHamu ATIIO, 3penas ¢aza HacTynana 3uMon
CEBEPHOr0 MOJYyIIapusi, W D3BOJIOIHUS BCEX COOBITHM 3TOr0 THUIA MPOUCXOAMIIA
OJIMHAKOBBIM 00pa3oM. JIeTHe-oceHHUE COOBITHSI XapaKTepU30BAIUCH 00Jiee HU3KUMU
BenuunHamMu ATIIO w B cBoeM pa3BUTUM HMMEIH HEPETYJSIPHbIE OCOOCHHOCTH.
[IpoaomKUTENLHOCTh BECEHHUX COOBITUM B cpeiHeM cocTaBiisia 10-17 mecsiieB, Toraa
Kak JieTHe-oceHHuX 7-28 mecsueB. Jlanee netHe-ocennue DH Obutn pasneneHsl Ha 2
MOJATHIIA B 3aBUCUMOCTH OT TOT0, 3aKOHYMJIOCH JIn DH B TeueHue Toro roja, Koraa OHO
HA4YaJioCch (KOPOTKOXKMBYIIME) WM Ha CIEAYIOMHA 101 (IPOJ0JDKUTEIBHBIE).
[Iponomkurensubie OH 3BOMIOIIMOHUPYIOT B TeueHue 12 u 6osiee MecsieB U UMEroT 2-3
MAaKCUMyMa, IPOJOJDKUTEIBHOCTh KOpPOTKOXKMBYmnX OH cocraBnser wmenee 12
MmecsueB. T. Xopun u K. XanaBa caenanu npeamnoyioKeHue 0 TOM, YTO CYLIECTBOBAHUE
pa3Hbeix TUMOB DH CBs3aHO C XapakTepoM B3aUMOJICUCTBUS OKeaHa M aTMoc(]epbl B
MIPUAKBATOPUAIBHBIX palioHax THUXoro okeaHa.

ITo3zxe 5T ke aBTOpbl BMecTe ¢ 1. XaceraBa HCHOJIB30BaJIM JaHHBIE O
COCTOSIHUM aTMOC(hephl U BeJIMYMHE TeriocoAepskannsa BepxHero 300-MeTpoBoro cios
okeana 3a 1955-2003 rr. u Beigenunu 2 tuna OH — A u B [Hasegawa et. al., 2006].
CoObiTuss THMma A XapakTepU3YIOTCS PE3KUM YMEHBIICHHUEM TEeTUIOCOIeP KaHUS
BEPXHETO CJIOS TPOIMUYECKOr0 OKeaHa IOocie 3pesioil a3bl, B TO BpeMsi Kak IOcie
coobiTit Tuma B atoro He mpoucxomutr. Kpome Toro, Onp-Hunbo Ttuma A

COMPOBOXKIAIOTCS OOJBIIUMU aHOMAJIUSIMU TI0JIei B aTMOc(epe U TPOITMYECKOM OKEaHe
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U OTJIMYAIOTCS OOJbIIed MPOJOJKUTENbHOCThIO. 3a mepuon 1955-2003 rr. Obuio
BbIIesIeHO 12 coObiTuit OH, n3 HUX ceMb OTHOCATCS K TUNY A U IIATH — K TUITY B.
Takke MOXHO OTMETHTh U TPEXTHUIHBbIE Kiaccupukammu. B padote
[Bockpecenckas, Muxainoa, 2010] ximaccuduxanus MTpoOBOAWIACE HAa OCHOBE
JUIMTEIIbBHOCTU COOBITUSI, BPEMEHM €ro Hauyaja ¥ HMHTEHCUBHOCTH. B pe3ynbrare
BBIZICJICHO Tpu  Tuma  coObituii  Dnb-Hunbo:! BE€CCHHUM, JIETHE-OCCHHHUU
KOPOTKOXXUBYIIMA M JIETHE-OCEHHUN NPONOLKUTENbHBIN. [Ipu 3TtomM Onb-Hunbo
BECEHHETO THIIA XapaKTePU3YIOTCs OONblleli MHTEHCUBHOCTHIO M CYIIECTBYIOT OKOJIO
OJIHOTO TO0Ja, JIETHE-OCEHHHE KOPOTKOKMBYIIIME MEHEE HWHTEHCHUBHBI M HMEIOT
MPOJIOJKUTEILHOCTH OKOJIO 9 MecseB, a MPOI0KUTENbHBIE COOBITHS, HAUMHAIOIIUECS
BO BTOPOH MOJIOBUHE I'0/1a, XapaKTEPHU3YIOTCS HEOOJIBIION aMIUIUTYA0W TEMIIEpaTypHOU
aHOMAaJIMU W MPOAOJKAIOTCS HE MEHbIIE 18 MecsueB. TpeXTUIHON MOXHO Ha3BaTh U
ONMKMCAHHYIO BhIIIE Kiaccudukanuo aBTopoB padbotsl [Horii, Hanawa, 2004].

Takum o0Opa3om, BCE HUCCIENOBATENIM CXOASITCS BO MHEHUHU, 4TO coObITUs DH
OTIIMYAIOTCA JPYT OT Jpyra I0 1EeJIOMY psAly MPU3HAKOB: BPEMEHH Hadajia COOBITHS, €r0
IPOJOJKATEIbHOCTH, UHTEHCUBHOCTH, MPOCTPAHCTBEHHOMY DPACHPEICICHUIO TeIla B
BepxHeM 300-MeTpoBOM cJioe, XapakTepy B3aUMOJEHCTBUSI OKeaHa U aTMoc(ephl,
JIOKalu3aluy, NOpUYMHAM BO3HUKHOBEHMS. KaxIblii M3 YyKa3aHHbBIX [PU3HAKOB
UCIIOJIB30BAJICSI B MUPOBOM HAayKe B Kay€CTBE OCHOBBI ISl KJACCHU(HUKALMHU, OJIHAKO,
HanOoJiee TMEpPCIEeKTUBHBIM TPEACTABIACTCS KOMIUIEKCHBIM TMOAXOMA, KOrma JJist
KJ1IaccuUKaIMU UCTIOJIb3YETCA HE OJMH MPU3HAK, a HECKOIbKO. Tak B pabote [JIyOKkoB,
2017a] mpenJioxkeHa NpOCTPaHCTBEHHO-BPEMEHHAsI OOBEKTUBHAS KilacCUUKaus ib-
Hunbo, onmcannas B »Toil pabote B Ilpmioxenun A. B kiaccudukanum yaanoch
CTaTUCTUYECKH OOOCHOBAHHO OMNpPEACIUTh JBE TPyNIbl coObITU nb-Hunbo,
MPOCTPAHCTBEHHOE PACHPEACICHUE KOTOPhIX COOTBETCTBYET M3BECTHBIM paHeEe
noJlyueHHBIM 3akoHOMepHocTsM u3 [Kug et al., 2009; Yeh et al, 2009]. Ilpu stom
BOCTOYHO-TMXOOKCAHCKUM THUII HAYMHACTCS C ampeis M0 HIOJb U OTIWYaeTcs
CPaBHUTEIHHO OOJIBbIICH MHTEHCUBHOCTHIO U MPOJOJDKUTEIBLHOCTBIO, a IEHTPAThHO-
TUXOOKEAHCKUU TUIT HAUMHAETCS B CEHTAOPE-OKTAOPE U SBJISICTCS MEHEE MHTEHCUBHBIM

N MCHCC ITPOJOJKUTCIbHBIM.
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Wnes o cymecTBOBaHUM HETUMUYHOCTH coObITHi Jla-HuHbs, Kak u B ciydae ero
MPU3HAHUS, BOSHUKIIN HECKOJBKO IMO3Ke, 4yeM B ciaydae Dnb-Hunbo. Ha gone uneii o
knaccupukanuu Dnb-Hunbo B Hauane 2000-X MOABHIMCH MEpPBbIE pabOTHI Ha OCHOBE
HEIPOJIOJDKUTEIBHBIX JIaHHBIX, TIOCBSIIICHHBbIE KJAacCU(UKAIMU XOJIOJAHOU  (pa3bl
OHIOK. Croutr otMerutb, uTo Kiaccudukanuioo Jla-HuHbs B mepByro ouepens,
paccMaTpuBa M B KIIOUC JIOKAJIM3AIMM MHUHUMAJIbHOW aHOMainu (eHOMEeHa JIOOo B
pesynbTate TOro ke pasnoxkenuss Ha OO0d rame JIH npencraBnsimo coboi
npotuBonoioxkHyo DH ¢azy DHIOK. Tak B paborax [Ashok et al., 2007; Kao, Yu,
2009], B mepByl odYepenb, IOCBSIICHHBIX Kilaccupukanuu Iab-HUHBO, aBTOPHI
OTMETWJIM O BO3MOXXHOCTU Kiaccubukanuu Jla-Hunbs mo Ttakoit ke meroauke. B
pabote [Singh et al.,, 2011] nma ocnoBe D0® 3a mepuon 1978-2009rr. ObLIO
noATBepkKAeHO Hanmuuue aByX TumnoB Jla-Hunbs. B pabore [Shinoda et al., 2013]
OTMEYaeTCs, YTO MO CHYTHUKOBBIM JaHHBIM coObITHS LT Jla-HuHbs MOXHO ueTkO
oinunuth OT coObiTuii BT Jla-Hunbsa. B TO e BpeMsi MHOTHE HCCIEIOBATENIN
BBICKA3bIBAINCh O HEBO3MOXXHOCTHU NPOCTpPAHCTBEHHON kiaccudukanmu Jla-Hunbs
[Kug, Ham, 2011; Ren, Jin, 2011].

Heckonmbko mozxke, C¢ mosiBIeHWeM Oosee UIMHHBIX psagoB gaHHbX T1IO,
MMEIOUIMX MPOCTPAHCTBEHHOE pa3pelleHue 2° U MEHee, Uesl 0 HAIMYUHM JBYX THIIOB
Jla-HuHbs cTana 3akperiaThecsi B HaydHOM coobmiecTBe. B paborax [Yuan, Yan, 2013;
Zhang et al., 2014; Ding et al., 2017] ucnons3oBanachk kinaccudukanus [Yeh et al,
2009], panee npuMeHeHHas i onpeneneHusd tuna Jib-Huabo. Ecnin anomanus TI1O
B paiioHe Nino 3 3umoil Oblia MeHblleld yeMm B paiioHe Nino 4, to tun Jla-Hunbs
onpenensuics kak Boctouno-Tuxookeanckuii. B oOpaTtHoii sxe cutyanuu, korga Nino 4
Menbiie Nino 3 tun Jla-Hunbs onpenensuicst kak LlentpanbHo-Tuxookeanckuii. Kak
oTMeueHO B pabotax [Yuan, Yan, 2013; Zhang et al., 2014], nns BT xapakrtepHo
3apOXKJEHWE aHOMAaJUW Ha 3amnaje OJKBaTOpUaIbHOM uacTh THUXOro OkKeaHa u ee
NOCJIEIyIONIEe CMEILEHHEe Ha BOCTOK, TIe K 3uMe oTpularenbHas aHomamus TIIO
ctaHoBUTCS MeHbine B paiione Nino 3. Jlma LT JIH cpolictBeHHass 3apoKIeHHUE H

Jokanuzaiusa MuHuMansHoi anoManuu TIIO B paiione Nino 4.
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B pabote [Bockpecenckas, MapuykoBa, 2017] Hamuyme mTpOCTPaHCTBEHHBIX
TUIIOB OBLJIO MOATBEPKICHO C MOMOIIBI0 MEPAPXHUECKOTO KJIACTEPHOTO aHaiu3a, a B
Oonee mo3AHMX pPabOTax BBISIBICHBI OCOOEGHHOCTH B TMOJAX Xjopodumia «A» B
3aBucuMmoct oT Tuna JIH [MapuykoBa, Bockpecenckas, 2022], u naxxe oOHapyKeHa
3aKOHOMEpPHOCTh uepefoBaHusi coObITH Onb-Hunbo u Jla-Hunbs u ux THIOB
[Marchukova et. al., 2020]. Tak, caegom 3a mHTeHCHBHBIM BT Dnb-HuHb0 00BIMHO

HaOroaercs aBa coowiTust Jla-Hunbs (nmu, Tak HazbiBaemoe, nByxieTHee Jla-Huubs).

1.1.2. Bo3aeiicTBue coobiTiil Diab-Hunbo u Jla-HuHLA 1 X THIIOB HA

OKPYKAIOIIYIO Cpely U KJIUMAaT

Okctpemaibhbie ¢azsl DHKOK 1 ux TUTIBI IPUBOJAT KaK K THXOOKEAHCKUM, TaK U
K TJIOOQJIBbHBIM KJIUMaTH4YecKuM oTkiaukaM. Opnako, eciu Biausiuue OHIOK Ha
TPONMUYECKUMN KIIMMAT OYEBUIHO, TO BOIIPOCAMHU TJI00ATBHBIX KJIMMATUUECKUX OTKIMKOB
MHPOBOE HAy4YHOE COOOIIECTBO 3aHMUMAETCS U MO Ce JIeHb. B paHHUX MCCleI0BaHUIX
ObLIM 1oka3aHbl cBsi3anHble ¢ DOHIOK 3HaunMble rio0anbHble aHOMAaIUU TEMIIEPATYPhl
Bo3ayxa u ocankoB [Ropelewski, Halpert, 1987; Kiladis, Diaz, 1989; Shabbar,
Khandekar, 1996; Livezey et al., 1997; beimes, 2003], cmelieHne TpaeKTOPHA
nukJI0oHOB B Tuxom okeane [Fraedrich et al., 1992; Chen, Dool, 1997] u cBs3p ¢ CAK
[Voskresenskaya, Polonsky, 1993]. B pa6orax [['ymuna, Ilerpocsam, 1998;
[Terpocsui, I'ymuna, 1998] Oblna u3yueHa npoaoJbKUTENbHOCTh Bo3aercTBuss DHIOK
Ha aTMOC(EPHYIO ITUPKYJIISLINI0, KOTOpasi COCTaBUJIa JECATh U 00JIee MeCSIIEB.

B mnoarBepxkaeHre BO3MOKHOCTH OOHAPYKEHHBIX 3HAUYUMBIX TJIOOATBHBIX
kiuMmatudecknx oTkimkoB DHIOK [Liu, Alexander, 2007] Oputa mpensioxkeHa cxema
«atMoc(epHOTO MOCTa», KOTOpas Ha CETOJHS CYHTAeTCsl Haubosiee MNpUeMIIEMOM.
Cxema OnuChIBa€T MEXAHU3M Iepe/laur KIMMAaTHYECKOr0 CUTHAJIA U3 SKBATOPUAIbHBIX
pallOHOB B CpeJHHME W BBICOKME IIMPOTHI. Tak, Hampumep, Npu coObITUIX Db-HUHBO
uHTeHcuukarusa Teriod aHomanuu TIIO B HEeHTpadbHOW SKBATOPUATBLHON YacTH
Tuxoro okeana u y OeperoB IOxHON AMepuKH NOPUBOAUT K BO3HUKHOBEHHUIO

aTMOC(EepHBIX BOJTHBI PoccOu, KOTOphIE PacIpOCTPAHSIIOTCS K MOTI0CaM U Ha BOCTOK, U
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BIIOCJIEICTBUM IPEJOMIISIIOTCS OT MOJIFOca K Tponukam. BoszaelicTBue Ha rio0aibHYrO
atMoc(epy B CPEHUX M BBICOKMX IIMPOTaX YCTAaHABIMBAETCS B T€UEHHE 2-6 HENETb.
ATMocdepHblii MocT Oonee 3(QexTuBeH B 3UMHHI CE30H, TOrJAa YriayOmseTcs
AneyTcKMii MUHHMYM, YCHJIMBAKOTCSA XOJOJHBIE CEBEpO-3allafiHble BETPHl HAJ
LEHTpaJbHOU 4YacThlo TUXOro okeaHa, a OoJjiee TEIUIbIE U BJIAXKHBIE FOKHBIM BETpPbI
BJI0JIb CEBEPOAMEPUKAHCKOTO 3amaHoro nodepexsns [Liu, Alexander, 2007].

HecMOTpst Ha IPOTUBONOJIOKHBIA XapaKTep aHOMAJIMH B TPOIIUKAX, CBA3aHHBIN C
OH wu JIH, BO3HMKHOBEHHE AHOMAJIWN THUIPOMETEOPOJOTHMYECKHX XapaKTEPUCTUK B
roasl Jnb-HUHBO HE ABISAIOTCS 3€PKAIBHBIM OTPAKEHUEM aHOMAJINU B TOAbI Jla-HuHbs
[Hoerling et al., 1997, HecrtepoB, 2013]. DTo cBsI3aHO Kak C pa3IdYHOMN
NPOAOIKUTENLHOCTEIO Db-Hunbo u Jla-Hunbs [Okumura et al., 2010], tak u c
pasIMuusMHA BO BPEMEHM Haudaja SBJICHHMHM, MX HWHTECHCUBHOCTH M JIOKAJU3ALMH
anoMasnii TTIO. Ilpu stom, siBnenus JIH, B otimuure ot OH, MOTYT AIMTHCS JIBa U TPU
roaa noapsan [Hu at al., 2014; DiNezio et. al., 2017; Wu at al., 2021], HO umMeTb pa3Hbie
IpPOSIBJICHUS] B IJIOOATBHOM KIMMATUYECKOM CHCTEME B KaXKIbI CIEOYIOIUN ToJ
COOBITHS, YTO, BEPOSITHO, CBSI3aHO CO CMEHOM NPOCTPAHCTBEHHOI'O THUIIA aHOMAJIUHU
TIIO.

[losiBnienne r100aIbHBIX MAaCCHUBOB JIaHHBIX, COJEpPXKAIIUX PETPOCHEKTUBY
CPEIHEMECSIYHBIX METEOPOJIOTUYECKUX XAPAKTEPUCTUK C cepenuHbl XIX Beka, mano
BO3MOXKHOCTh U3yYUTh Ha 3HAUMMOM YPOBHE IPOSBIICHUS SBJICHUM SKCTpEeMalbHbIX (a3
OHIOK. B nocnennue HECKOJIBKO AECATUIIETUN MUPOBOE COOOIIECTBO YUCHBIX YIEIseT
0co0oe BHUMaHUE KiIMMaTHuyeckuM oTkiukam sineHuid OH u JIH, xoTopele 3auactyro
paccMaTpHUBAIOTCSI B KOHTEKCTE JBYX MPOCTpaHCTBeHHBIX TumoB [Larkin, Harrison,
2005; Yuan, Yang, 2012; Yuan, Yan, 2013; Yuan et al., 2012; Tedeschi et al., 2013;
Yu, Zou, 2013; Wang, Asefa, 2018; Voskresenskaya et. al., 2018; Lubkov et. al., 2020].

Kimmarnueckue OTKIMKM Ha JBa THHa Onb-HUHBO 118 OCEHM W 3UMBI Ha
npuMmepe Temneparypbsl W ocaakoB BbisiBiieHbl [Larkin, Harrison, 2005]. Ocenbio B
CEBEPHOM IMOJIyLIapUH 3HAK AHOMAJIMU B IOJISIX TEMIIEPATYphbl MPOTUBOIIOIOKHBIN: TS
UT tuna xapakTepHbl OTpUUATENbHbIE aHOMaimu, a i1 BT One-Huneo -—

MOJI0KUTENbHBIC. [Ipy 3TOM 711 3MMHEr0 Ce30Ha MOKa3aHO HaIM4ue 3HaYuUMbIX (p=0.2)
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OTKJIMKOB TI0 BceMy 3eMHOMY miapy. B [Yuan et al., 2012; Yuan, Yang, 2012] moka3aHbl
paznuuns Mexay tunamu OH, KOTOpble NMpUBOAST K 3HAYUTEIBHBIM W3MEHEHHUSM B
CUCTEME KOHBEKIMHU, BEPTUKAIBHOTO ABWIKCHHS BO3AyXad U K U3MECHEHHUSAM aHOMAJINU
OCaJIKOB B TpONUUYeCKoW 30He Tuxoro okeaHna. ABTopsl [Yuan, Yan, 2013] moayuunu
orknuku Ha tunsl JIH B mpenenax 40° mupotsl, Te mokasanu, 4yro aBa tuna JIH
OTJINYAIOTCS 110 HMHTEHCUBHOCTH aHOMAJIMM OCAJKOB, OJHAKO IOJII AHOMAJIMN OCaJKOB
cxoxu. B pabore [Yu, Zou, 2013] nokazaHo, yTo atMocpepHOE CTpyHHOE TEUECHHUE B
ceBepHOU yactu Tuxoro okeana mpu ABYX Tumnax Dib-HUHBO cMmelnaercs Ha tor, Mpu
stoM LT Tun npuBoaut k Oosiee I0KHOMY €ro paclojoKEHUI0 B cpaBHeHUMH ¢ BT
tunoM. Takue pasznuuust oOyCIOBWJIM pa3HUIy B ocaakax U cToke pek CeBepHOH
Awmepuku, uccienoBanny 1o [Wang, Asefa, 2018]. ABTopsl nokazanu, 4to aBa tTumna OH
OpUBOJAT K Oojee BIAXKHBIM 3MME€ M BecHE BO BpeMms Oib-HuHbo, oHAKO
kinMmaTudeckas anomanus npu BT Onb-Hunbo nntencusneit, yeM nipu [T tune. Onu
TaK)Ke€ M3y4yWwid BiusHHE siBieHUid Jla-Hunbs, KOTOphIE CBs3ainu ¢ 0OoJjiee CyxXuMu
yclIoBUsIMH, oHako Tunbl Jla-HuHbsa oTnensHO He paccmatpuBaiu. B padore [Tedeschi
et al., 2013 ] nosmy4deHsl 3HaYUMBble OTKJIUKH B T0JisIX aHoManuii TI1O o BceMy 3eMHOMY
H1apy, BKJIIOYasl CEBEPHYIO ATJIAHTHKY, a TaKXe MOAPOOHO PAaCCMOTPEHbI aHOMAJIUH
aTMOC(EPHBIX 0CAJIKOB B I0KHON AMepHKe U 10’)KHON ATiaHTuke, cBsa3anHbie ¢ DHIOK.
Otxinky Ha ABa tuna OH CWIBHO OTIMYAINCH OPYr OT IPYyra, B TO BPEMs, KaK I
pa3ubix TunoB JIH pasnuuus B mossix aHomanuii ObUTM HECYIIECTBEHHBL. B TO ke
BpeMsa B pabotax [Zhang et al, 2014; Voskresenskaya et al.,, 2018] Obuio
MPOAEMOHCTPUPOBAHO cyllecTBeHHOE BiusiHuEe AByX TunoB JIH ma CAK B 3umnui
nepuoa M 1okazano, uro [T Jla-HuHbg mpuBOASAT K MOJOXKUTEIbHBIM 3HAYCHUSIMU
nnaekca CAK, a BT — k orpunarensHbiM. J[OCTHKEHHE MaKCHUMalbHBIX aHOMAJIUH
OHIOK mo Bpemenu roja coBmaiaeT ¢ UHTeHCUPUKaUe aTMochepHOi TUPKYIISIIIN B
CeBepHOM MONyIIApUU W HaONIIONAeTCs B KOHIIE OCeHU M 3uMoil. CrenoBaTelbHO,
nzyuenne atrmochepubix otkiankoB JHIOK na CeepHoe mosyiapue npeicTaBiseT
0coOBI HHTEpEC.

PaccmMoTpyM  HM3y4EHHOCTh  KIMMATUYECKUX  OTKIMKOB B  ATJAHTHKO-

EBpomnelickom peruone u ceBepHOr A3WH C aKIIEHTOM Ha OCEHHE-BECEHHEE MEKCE30HbE
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u 3umy. B pannux paborax, Hanpumep, [Voskresenskaya, Polonsky, 1993; Hectepos,
2000; Mokhov, Smirnov, 2006], mokasano, uro Ha CeBepoaTIaHTHUYECKOE KojebaHue u
APKTHUYECKYIO MHUPKYJSAINAI0, KOTOPHIE WIPAIOT KIIOUYEBYIO pOJIb B (OPMHUPOBAHUU
xinmaTta EBponbl 1 CeBepHON ATIAHTHKHU, CYHIECTBEHHO BJIMSIOT TEIJIAs U XOJIOIHAS
da3er DHIOK. U3 [Bockpecenckas, MuxaitnoBa, 2006] u3BecTHO, YTO 3UMOM B TOMbI
Onp-Hunbo npuzeMHoe gaBieHue ymensinaercs Hajg FOxuoi u LlentpansHoil EBporoit
n yBenmnuuBaeTcs Haja CeepHod Espomoit, HMcnangueit u  I'pennanaueit, 4rto
oOycnaBiaMBaeT aHOMAIbHO X0JoaHbIe 3uMbl B CeBepHoii EBpome. B paborax [Larkin,
Harrison, 2005; Graf, Zanchettin, 2012] ¢ yueToM JByX NPOCTPAHCTBEHHBIX TUIIOB DJIb-
Hunbo OblIM monydeHbl aHoMaluu oceHblo W 3uMoi. [T Onp-Hunbo npuBogut K
ITOJIOKUATENIBHBIM aHOMaNMsAM TeMiieparypsl B CeBepHoul A3um u EBpomne OCeHbro U K
otpuniate’abHbiM — 3uMoit. Jlyis BT Onb-Hunbo Hanbosee xapakTepHbl MOJIOKUTEIbHbBIE
aHOMaJIUU TeMIiepaTyphl 3uMoi B EBpomneiickoM peruone, B ocooennoctu B ETP. Otu
pe3yabTathl yrouHeHbl B [Lubkov et al., 2020], rae knumaTtuyeckue aHOMaIUU ObLIN
pPacCMOTpPEHBI M0 MecsllaM M JieKajaMm. bpuio mokazaHo, 4yTo aTMoc(epHble OTKIMKU
MMEIOT M3MEHYMBBIN XapakTep W KIMMATHUUYECKHE aHOMAJUU MOTYT MEHSTHCS Ha
IIPOTUBOIIOJIOKHBIC OT Mecsia kK mecsamy. [Li et al., 2017] mo cmyTHUKOBBIM JTaHHBIM 3a
OTHOCUTEIBHO  KOPOTKM  BpemeHHouW  mepuox  (1982-2015  rr.) ObL1a
MpoaHaIM3UpPOBaHa BECEHHsISI BEreTallvs pacTUTENbHOCTU B EBpa3uu ¢ TOUKHU 3peHus
JIBYX THUIOB siBIICHHS Onb-HuHb0 M, Tak ke kak u B [Graf, Zanchettin, 2012], Obumn
OTMEYEHBI CTATUCTUYECKH 3HAYMMBbIEC KIMMATUYECKUE OTKJIUKK HA IEHTPaIbHbIN DIib-
Hunpo.

B pa6orax [Hecrepos, 2000; Mokhov, Smirnov, 2006] 6611 c/ienaH akIieHT Ha To,
yT0 B rojbl JIa-Hunbs nmpoucxoaut 60sblas U3MEHUUBOCTh HUPKYJISIIMU aTMOC(]EpHI B
ATIaHTHKO-EBPONEHCKOM pPEruoHe, 4YemM B roasl Onb-Hunbo. OpHako, 3TH
UCCJIeIOBaHMs ObUIA CHENIaHbl 0e3 ydeTa MPOCTPaHCTBEHHBIX TUTOB Jla-HuHbs, 4TO
MOIJIO CrJIaJAuTh KiuMmaTudeckuit otkiauk. Ilozxe, [Zhang et. al., 2014] nokazano
npotuBononoxHoe Bausaue tunoB JIH nva CAK. DtoT Te3uc Obul yTouHeH B paboTe
[Voskresenskaya et. al., 2018]. IloMuMO NOPOTHBOMOJIOKHBIX aHOMAIUW B IMOJE

JaBJICHUS B sSTHBape W (peBpasie HaJ CEeBEpHON ATIAHTHKOM, OBLIO MOKA3aHO CMEIICHUE
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TpaeKTopui HUKIOHOB ceBepHee npu LT Jla-Hunpsa. Knumarnuecknii OTKIMK HA TUIIBI
Jla-Hunbs B ceBepHOW A3uM MpakTUYeCKH He u3ydaics. KiimMmaruueckue OTKIMKU B
ceBepHOil A3um Ha coObiTuss DHIOK Hambosee momHO m3ydeHsl B Bompoce (pa3oBoro
nepexona or OH x JIH. B pa6orax [Mokhov, Timazhev, 2017; Mokhov, Timazhev,
2022] paccMOTpeHbl BO3MOXKHBIE KIMMATUUYECKHE OTKIMKA B XapaKTEPUCTHKAX
TEeMIEepaTyphl BO3AyXa, BIArornepeHoca, KOJIM4eCTBa BHIMABIINX OCAKOB JJIsl BECEHHUX
U JICTHUX MECSIIEB.

KnnmaTtuyeckue OTKIMKH, CBS3aHHBIE ¢ AKCTpeMalibHbIMU cocTosiHusIMU DHIOK,
3a4acTyl0 MPUBOJST K HETATUBHBIM COIMAIbHO-)KOHOMHYECKHUM TOCIEACTBUSIM. Tak
3acyxa B CIIIA Bo Bpems coObrtrii Jla-Hunbst 1988 1. mpusena x ymepoy B 40 mapa. $
[Glantz, 2002] Ymep6 cenbckoxossiiictBeHHOro cekrtopa CIIIA ot Dnb-Hunwo 1997
roja u nociuenyromiero 3a HuM Jla-Hunaps 1998 roma Ot oreHen B pasmepe 1.5-1.7
miapa. $ wm 2.2-6.5 mupa. $ coorBerctBenHo [Adams et al., 1999]. CoBpemeHHBIE
ouenku [Callahan, Mankin, 2023] moka3piBatoT riao0ajbHbI yiiepO, CBA3aHHBIN C
cooprTusiMu Dib-Huubo 1982 u 1997 ronos, B pasmepe 4.1 u 5.7 tpinH. $. Ilpu sTom
OKHMJIaeTCs, YTO B 21 CTOJIETUM B CBSI3U C IJI0OAIBHBIM MOTEIJIEHUEM MOBTOPSEMOCTD
skcTpeManbHbix paz DHIOK yBenuuuTcs, a cymMMapHBbIil TJI00aIbHBIN yIIepO OT Bcex
coowrTuii Dnb-Hunabo u Jla-Hunbs gocturner 84 tpaH. $. Bo Bpems Dmb-Hunbso 2015
roga Munounesus, ABcrpanusi, Dpuonusi, peruoHbl AMa3zoHku, or Adpuku u EBpona
cunibHO moctpananu oT 3acyx [IPCC, 2021]. 3acyxu, BbI3BaHHBIE 3TUM OJib-HuHbO,
CO3/IaJTi OCTPYIO HEXBATKY MPOJOBOJILCTBUS B 103kHOU yactu Adpuku [[PCC, 2022] u
rudens Tponuveckux jgecoB B LlenTpanbHoit Amepuke [Erfanian et al., 2017; Aragao et
al., 2018]. Bompoc comuanbHO-3KOHOMUYECKOTO yiiepba, cBsizanHoro ¢ JOHIOK,
yKa3bIBaeT Ha OCTPYH0 HEOOXOAMMOCTH MPOTrHO3a U 3a0JIarOBPEMEHHOI0 OMPEICIICHUS

MPOCTpaHCTBEHHOTro ThNa anomanuu TII1O.

1.2. CoBpemeHHOE COCTOSTHME MOACJIUPOBAHUA cOObITHIT Jib-Hunbo u Jla-

Huubsa
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Ha ceromssmuHmMii 1eHb I8 JOJTOCpPOYHOro mnporHosupoBanus OHIOK
UCIIOJB3YIOT JBAa OCHOBHBIX TNOAXOJA: JWHAMUYECKHMH W  CTAaTUCTUYECKHIL.
JuHaMu4eckuii MOAXO0J] OCYIIECTBIISIETCS HAa OCHOBE YHCIECHHOTO MOJCIMPOBAHUS,
BKJIIOYAIONIETO B ce0s1, B MEPBYIO OUepeib, aTMOCHEPHYIO UPKYJIISAILNIO, MMPOIIECCHl B
OKeaHe W B3auMoJieHcTBHE ITHX ABYX cpenl [Wang et al., 2017]. Cpeaun nuHaMUYECKUX
mMoneneit BoiAensaoT mpocteie [Hirst, 1986], mMonmenn ¢ mpoOMeXyTOYHOH CBSI3bIO
[Zebiak, Cane, 1987], rubpuansie moaenu [Barnett et al., 1993] u coBmecTHbIE MOIETH
okeana u atmocdepsnl [Luo et al., 2016]. BoNBIMIMHCTBO COBPEMEHHBIX TUHAMUYECKUX
MOJIeJIel TMPEACTaBIAIOT COOOM COBMECTHBIE MOJEIM, TO €CTh TaKHhe, B KOTOPBIX
OTJIeJIbHBIE MOJENIM OKeaHa M aTtMochepbl 0ObEIMHEHBI B €IMHYIO MPOTHOCTHYECKYIO
CUCTEMY CO CIIOKHBIMU aJrOpPUTMaMU yCBOEHUS HaHHbIX. B Tabn. 1.1 mpuBeaen
COBPEMEHHBI NEPEUYEHb IUHAMUYECKUX MOJENEH, BXOIAIIMX B MPOTHOCTHYECKUN
aHcaMOJib MeXJIyHapOJHOTO HCCJEI0BATEILCKOr0 MHCTUTYTa KJIMMaTa M OOIIECTBa
KonymOuiickoro ynuBepcurera (IRI). Bce Mogenu u3 3Toi TaOnMIBl KpOME MOJAEIU
LDEOS5 — coBmecTtHble. OOBIYHO Ha OCHOBE ATHUX MOJACNEH M CYXKIACHUN TPYIIbI
cunontukoB Knumatuueckoro nentrpa nporHo3oB CHIA (Climate Prediction Center -
National Oceanic and Atmospheric Administration — CPC/NOAA) naercs mporsos
coctostHuss DHIOK, Ha xoTtopeiit onupaercs BMO. CrnenoBatenbHO, BBICOKUN UHTEPEC
npeacrasisger (CeBepoaMepuUKaHCKUA MynbTUMOJENbHBIM  aHcamOnb (The North
American Multi-Model Ensemble — NMME), npencrapnstomuii codboi sapo Mozeneit
npornosa DHIOK.

Ceituac B NMME Bxoadar 7 coBmectHbix mogaenen: GFDL-Spear, GEMS5-NEMO,
CanCM4i, NCEP-CFSv2, COLA-CCSM4, NCAR-CCSM1 u NASA-GEOSS2S. Bce
Mojienu, Bxoagimue B NMME, nocTynHbl B OTKPBITOM JIOCTYIIE C pa3peuieHueM 1° ¢
BO3MO>KHOCTBIO PETPOCIIEKTUBHOTO aHaJu3a pe3yibTaToB MojieaupoBanus. B [Barnston
et al., 2019] cpaBauBamuchy cnocobHoctu Mojeneit ancamois NMME 1o ornensHOCTH
3a perpocnekTuBHbIA Tiepuoa 1982-2016 rr. ABTOpBI UCCAEIOBAHUS BBIACIWIA MOJEIb
NCEP-CFSv2 kak naubonee ycnemnywo. Moaens NCEP-CFSv2 3nauntensHo mydiie
nporHo3upyet coctosgure DHIOK ¢ 3abrnaroBpeMeHHOCTHIO OT 6 MecsIleB B JIETHE-

OCCHHUI CE30HEI B CpaBHCHHUHU C APYTUMHU MOJACIIIMUA ancamMOJIs.
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Crartuctrueckuil moaxon noapasymenaet nporuosupoanne JHIOK HekoTopbIM
MaTeMaTHYECKUM METOJIOM aHAJIN3a UCTOPUYECKUX AaHHBIX. CTaTHCTUYECKHE MOAEIH
MOTYT OBbITb JIMHEMHBIMU W HEJIMHEHHbIMU. JIuHelHas cTaThucTHYecKas MOJEIb
CTPOUTCS C MCHOJIb30BAHHEM METOJ0OB MHOKECTBEHHOM JIMHEHOU perpeccu [Tseng et
al., 2017], kanonnueckoit koppemnsauuu [Barnston, Ropelewski, 1992], neneit Mapkosa
[Xue et al., 2000] u 1.1. HenuHelHBIN ke MOAXO, Yallle BCEr0 OCHOBAaH Ha METOJax
MalIMHHOTO O0Yy4YeHUs, TaKUX Kak «OaliecoBCKHe» M «HeilpoHHbIe» ceTu [Fang et al.,
2022]. B T1abn. 1.2 mpuBeneH COBPEMEHHBIA CIUCOK CTaTUCTUYECKUX MOJCIEH,
ucnone3yembix s nporHoza OHIOK IRI. M3 3toro crmcka TOIBKO OTEUECTBEHHAS
mozaenb IAP-NN, npennoxkennas B uccienoBanuu [Gavrilov et al., 2019], saBasercs
HEJIMHEWMHOW U TIpeACTaBlIsIeT CcOoOOW CUMOMO3 JBYX METOJOB: pa3jioKEHUE Ha
JMHEWHbIE JUHAMHUYECKUE MOJbl U UCKYCCTBEHHBIE HEUPOHHBIE CETH. TaKke HMHTEpEC
npeacTtaBiser ¢usuko-cratuctuaeckas mojaenb NTU CODA [Chen et al.,, 2020],
WCMOJIB3YIOIIasi BHETPONMMYECKUE WHAEKCh JJsi mnporHos3a coctosiHus OHIOK ¢
rOJIOBBIM ONEPEKEHUEM MOCHEAHEr0. ABTOPHI MOJEIN YTBEPKIAIOT, YTO UM YAAIOCh
CYIIECTBEHHO yIy4dHuTh Bocnpon3BoauMocTh JHKOK B BeceHHME U JIETHUE MECSIIBI.

Takum o0pa3oM, B HAcCTOfIIEe BpeMs CYIIECTBYET, IO MEHbIeH wmepe, 18
nuHaMmuyeckux (T1admn. 1.1) u 9 cratuctuueckux (tabin. 1.2) moxmenei, mpeacTaBIeHHBIX
Ha canrte IRI, xoropsie mpumenstorcs mnsa nporHosupoanus OHIOK. Ilpu stom B
paborax [Tippett et al., 2012; Barnston et al., 2012; Tang et al., 2018] oTmedeHo, 4TO
JWHAMUYECKHE MOJIENN CIpaBiAOTCa ¢ nporHozoM DOHIOK Ha mopsaok mywme, yem
cratuctuueckue. HecMoTpss Ha 3TO, AMHAMUYECKUE MOJEIA UMEIOT psii mpodiiem,
CBSA3aHHBIX KaK C HETOYHBIMH HCXOJHBIMU JaHHBIMH, TMPUBOISAIIMMU K OIIMOKE
HayaJlbHBIX YCJIOBUW, TaK M ¢ caMoil (u3ukod W mapamerpamu mozenu [Gao et al.,
2024; Qi et al., 2017; Tao, Duan, 2019]. HavampHble OIMMOKKM NPUBOIAT K
HEOMPEICTICHHOCTH HAYaJIbHBIX COCTOSHMM W HEU30E€KHO YBEITWYUBAIOTCS IO Mepe
WHTETpalii MOJICNIU, YTO CHIKAET CIIOCOOHOCTh K MporHo3upoBanuto [Mu et al., 2015;
Chen et al., 2023]. bonee siBHOW MpoOIEMOIl SBISETCS CTOXAaCTUYECKOE OIMKCAHHUE B

MOACIIAX CIIYCKOBOTI'O MEXaHHu3Ma 9J'IB-HI/IHBO, qTo BHOCUT 3HAUUTCIBHYIO
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HEOIPEIEeNIEHHOCTh B MPOTHO3bI BECEHHETO U JeTHero ce30H0B [Vecchi, Harrison, 2000;

Fedorov et al., 2015].

Ta6J'II/IHa 1.1 — I{I/IHaMI/I‘-ICCKI/IG MOJCIIM, HCIIOJIB3YCMBIC I IIPOIrHO3a COCTOSAHHUA

OHIOK

Paszpemenne
Mogenb Wuctutyt Crpana ATtmochepHbIit Mopckoii
6110K O1oK*
AUS-ACCESS | CSIRO Australian ABcTpanus T216, 85 0.25°,75
Community Climate and
Earth System Simulator
BCC _CSM11m | Beijing Climate Center Kurait T106, 26 1°x1/3-1°,
40
CMC CANSIP | Government of Canada Kanana T63, 35 1°x1/3-1°,
50
COLA CCSM4 | University of Miami CIIIA 288x200 1.11°x0.27
(1.25°x0.9°),26 | -0.54°, 60
DWD German Weather Service — | ['epmanus T127, 95 0.4°, 40
Deutscher Wetterdienst
ECMWF European Centre for EBpoma T319, 91 0.25°,75
SEASS Medium-Range Weather
Forecasts
GFDL Spear NOAA CIIA 0.5°, 33 1°,75
IMA Tokyo Climate Center Snonus T319, 100 0.25°, 60
KMA SNU Korean Met Agency IOxxHas Kopest T106, 21 T512,70
LDEOS Lamont-Doherty Earth CIIIA 5.625°%2° 2°x0.5°
Observatory, Columbia
University
MetFRANCE Meteo France Seasonal Opanuus T359, 137 0.25°,75
Forecast
NCEP CFSv2 NOAA Climate Prediction | CIIIA T128, 64 0.5°%0.25-
Center NCEP 0.5°, 40
SAUDI KAU Saudi King Abdulaziz Caynosckast T213,L44 0.25°, 51
University Climate Center | ApaBus
SINTEX-F Japanese Agency for Snonus T106, 31 0.5°, 31
Marine-Earth Science and
Technology
UKMO UK Met Office BenukoOputanus | T216, 85 0.25°,75

CnocoOHOCTH TMPOTHO3WPOBAHMUS IUHAMHUYCCKUX W CTATUCTHYCCKHX MOJICIICH
MMEIOT BBIPAXKEHHYIO CE30HHYIO M3MeHYUBOCTH [ Yu et al., 2009; Tippett et al., 2012; Qi
et al., 2017], uTro, OueBHIHO, CBA3AHO C HEJAOCTATOYHBHIM MOHUMAHHEM CITyCKOBOTO

MeXaHu3Ma, B TIEPBYIO odepenb, saBieHnit Iab-Hunbso [McPhaden, Yu, 1999; Vecchi,
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Harrison, 2000; Fedorov et al., 2015]. [{ns Bcex Mopenei MOATOCPOYHOTO MPOTHO3A
XapaKTepHa OTHOCUTEIBHO BBICOKAsi CIIOCOOHOCTh MPOTHO3UPOBAHUSA /I HEUTPaJIbHBIX
ycioBuM uiM yxe paspuBaromuxcs sisnenuidi DHIOK. Opnako, BHE 3aBUCHUMOCTH OT
3a0J1arOBPEMEHHOCTH MTPOTHO3a, CIOCOOHOCTHh MPOTHO3UPOBAHUSI BO BTOPOM MOJIOBUHE
BECHBI U JIETOM, KOTJja OOBIYHO MPOUCXOAUT UHTEHCUUKALMS siBIeHUN Dib-Hunbo u
Jla-Hunbs, pe3ko yxyamarorcs. Takoe orpaHu4eHre MPOTHOCTUYECKUX CIIOCOOHOCTEH
MOJIeNIM TIOJIYYHJIO Ha3BaHUE «BECEHHEro nopora npeackazyemoctu» (BIIIT) [Webster,

Yang, 1992]. [Ipo61eMbI CITyCKOBOTO MEXaHM3Ma MbI 00CY>K/1aJTi BBIIIIC.

Tabmuua 1.2 — CraTUCTHYECKHME MOJENH, WCIOIb3YEMBbIE JIs MPOTHO3a COCTOSHUS

OHIOK

Mopeinb WNucTutyT Crpana | Kparkoe onucanue

CPC CA NOAA CPC Canonical CIIA Kanonunueckuil KoppensiiuoHHbIN aHAIN3
Correlation Analysis

CPCMRKOV | NOAA CPC MARKOV | CIIIA Iens MapkoBa

CSU CLIPR Colorado State University | CLLIA Monenb MHOKECTBEHHOM JIMHEWHON

perpeccun

TAP-NN NHCTUTYT NpUKIIaIHOU Poccua | Pasnokenue Ha JMHEWHBIE JUHAMHUYECKHE
¢u3uku umenu A. B. Mo1bl, ucrnosb3oanne MHC
I"anonoBa-I'pexoBa PAH

NTU CODA Taiwan Computational TaitBanb | Monens CTaTUCTHUYECKOTO
Oceanography and IPOTHO3UPOBAHUS Ha (U3MYECKON OCHOBE,
Dynamics of Air-Sea MPEACTABIISIONIAs HEKOTOPYH  (YHKIIUIO
Interaction Lab KJIMMaTH4YEeCKHUX HHIECKCOB

UCLA TCD UCLA Theoretical CIIA CHHTYNSIpHBIN CHIEKTPaIbHBIA aHAIN3
Climate Dynamics

UW PSL- University of Wisconsin | CIHA HuknocrannonapHas JIUHEHHas

CSLIM VHBEPCUBHAS MOJIENb

UW PSL-LIM | University of Wisconsin | CIIIA JMHENHAsl NHBEPCUBHAS MOJIEINb

1.2.1. ITporuo3 npocTpaHcTBeHHOT0 TUNA siBJeHUH Dib-Hunbo u Jla-Hunbsa

3abnmaroBpeMeHHOE ompeneneHne tuma sBiaeHud Onb-Hunbo wu Jla-Hunbs
sBIsieTCs. Ooyiee CIIOKHOM 3ajadeil, 4eM MPOTHO3 HACTYIUIEHUS CaMHX COOBITHH.
Oco0EHHO 3TO OTHOCHUTCS K OmpeleieHuto Tumna ib-HUHbO, TOYHOCTH KOTOPOTO
3aMeTHO yMmeHbImwiack nocieaane 30 nmer [Zhang et al., 2021; Gao et al., 2024].

Muorue aBtopnl 3ametmiin [Latif et al., 1997; Larkin, Harrison, 2005; Achok et al.,



40

2007; Kao, Yu, 2009], uto, HauuHas ¢ 1990-x ronos, noropsiemocts [T Dnb-Hunwo
3HAUMTEIHHO BO3pocia. [lo pesynpTaTaM aHainza OyIyIUX KIMMATHYECKUX MPOCKITUI
moaenerr mpoekra CMIP3 aBtoper padots! [Yeh et al., 2009] monyunnu nsaTUKpaTHOE
yBenuueHne cooTHomeHuss komumuyectBa LT k BT tuny One-Hunso B 21 Beke.
[locnennue wucciaenoBaHUs 3TOrO BOMPOCAa MOATBEPIUIIM, YTO HM3MEHEHHE KIMMara
npuBeIo K yBenndeHuto yactotThl siBeHuil [T Dnb-Hunbo ¢ 1990-x ronos [Ren et al.,
2019; Dieppois et al., 2021]. K Tomy ke, Hu3Kass 3PEKTUBHOCTh MPOTHO3UPOBAHUS
spnenuit L{T Onp-Hunbo cepbe3no cuusmna 3¢ ektuBHOCTh iporuozuposanust JHIOK
B 11esioM [Ren et al., 2019; Tao et al., 2020; Zhang et al., 2021].

B pab6ore [Ren et al., 2019] nmokazano, 4to TOJBKO 2-3 U3 6 OTOOpAHHBIX B
UCCJIETIOBAHUM MOJEIIH CITIOCOOHBI ONPENETUTh TUI C 3a0J1arOBPEMEHHOCTBIO BCEro B 1
Mmecsil. Yto kacaerca Tonapko Dnb-Hunbo, 3agactyro BT Tun Gosiee MHTEHCUBEH, YeM
LT, opu 5TOM OLIEHUTh MHTEHCHUBHOCThH Mpenactosdmero JH BO3MOXKHO Ha OCHOBE
aHcamOJisl TMHAMUYECKUX U CTAaTUCTUUYECKUX MOJIeJel 3a01aroBpeMeHHo 3a 6 MecsIeB.
Tak, HarmonasibHOE yripaBieHuE OKeaHM4eCcKuX U atMocepHbix uccienoanuii CIIIA
nojaraercsi Ha CyOBEKTHUBHBIE OKCIEPTHBIE TMPOTHO3bI, KOTOPbIE OOBEKTUBHO
MEPEBOJATCS B BEPOATHOCTH TOro, 4To cuiaa Inab-Huapo (mo wmuHAekcy Nino3.4)
MPEBBICUT 3a7aHHbIe moporoBbie 3HaueHus [L’Heureux et al., 2019]. IlpeBsimenue
3aJIaHHOT'0 MTOPOTrOBOro 3HAYeHUs OyAeT yka3biBaTh Ha BT Tum.

Cpenu moCieIHMX WCCIENOBAHUN, TMOCBSIICHHBIX VIYYIICHHIO CIOCOOHOCTH
mozeneld nporro3upoBath Tunsl DHIOK, MoxHO BblaenuTs pabotsl [XKenezHosa,
I'ymuna, 2020; Tseng et al., 2022; Ludescher et al., 2023], ucnons3yronmx (Qpu3nko-
cratuctuueckuii mnoaxon Kk mpornody OHIOK, 3akmrowaromieiics B co3gaHuu
HEKOTOpPOTO (U3UYECKH OOOCHOBAHHOTO MPEAMKATHUBHOIO HWHJEKCA. ABTOpPHI paOOTHI
[’Kenesnosa, ['ymuna, 2020] npeioxumm GU3NKO-CTATUCTUYECKYIO MOJIETh HA OCHOBE
mMozaenu mporHo3a Onb-Hunbo ['ocynmapctBennoro yauBepcuteta dmopunsr [Clarke,
Van Gorder, 2003]. B kadecTBe NpeauKTOPOB MOJieNd aBTOpbl padoThl [JKene3HoRa,
['ymuna, 2020] ucnons3oBanu anomanuu TIIO u temnoconepxkanusa okeana (TCO) B
AKBATOpHANIBHOM YacTM THXOro okeaHa, WHJAEKChI WHTEHCUBHOCTH KOJeOaHUs

Mannena-/[xynuana u BotH PoccOu. ABTOpBI OTMETHIIH, YTO MPEJIOKEHHAs MOJIETh
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HECKOJIbKO Jiyumie crnocoOHa mporHodupoBats LT tum, B cpaBHenun c¢ BT.
Koaddumment koppensunu MpOrHOCTUYECKOW MOJEIN C 3a0JaroBpeMEHHOCThIO 12
MECSIIIEB B CPaBHEHHM C JCHCTBUTENbHBIMU 3HaueHUsIMU i uHaekca [T tuma
coctaBui 0.55, a nna uanexkca BT tuna — 0.34.

B pabore [Tseng et al., 2022] oTMeueHa Ba)XHOCThb y4e€Ta BHETPOIHYECKOIO
BO3JICHCTBHSI Ha 3KBAaTOPHAIBHYIO 4acThb TUXOro okeaHa. PazpaboTaHHbBIN aBTOpamMu
MHJIEKC OKa3aJICsl 3HAUUTENBHO Jiy4lie i nporHo3oB LT Onp-Hunbo, uem pe3ynbraTel
nuHamudeckoro mojenupoBanusi. [Iporno3s ATIIO B o6mactu Nino 4 (rae oObIYHO
Ha0monaercss MakcuMyM LT Dnb-Hunbo) ¢ 3a0;1aroBpeMeHHOCTBIO 12 MECSIIeB MOKHO
OTMETUTH KaK 3HAYMMBIW, a €r0 KOPPEJSIUs C IEUCTBUTEIbHBIM HUHIEKCOM 3a NEPUOJ
1980-2020 rr. coctaBuna okoo 0.6.

B [Ludescher et al., 2023] npeioxeH METOJ ONPEEICHUS TUITA MPECTOSIIETO
OH na ocHoBe paszHoctu TIIO wMexnay UEHTpalbHOW W BOCTOYHOM YacTsMH
HKBATOpPUAIBHOM 30HBI THXOro okeaHa B JekaOpe mnpeamectByromero roaa. Korma
pasHocth TIIO nmonoxurensHa, oxxkuaaerca BT tun, koraa otpuniarensia — L[T. Meton
MOKa3aJl BecbMa 3HaUMMbIN pe3ynbTaT: 18 TunoB OH u3 21 Obulo mpenckazaHo BEPHO,
YTO YKa3bIBAET HA BAXKHOCTh Yy4e€Ta MPEIJI0KEHHOTO NpeaukTopa. PU3NYECKH CYTh
METO/Ia 3aKJIIOYAeTCs B CO3/JaHMHM CHUCTEMBbl OIICHKH COCTOSIHHS TeIuloro OacceiiHa
HKBATOPUANTBHOTO THXOTro OKeaHa U 0053aHO CBOEMY MPOUCXOXKIACHUIO TEOPUU
OCITMJLIATOpA «3arpy3Ku-pasrpy3ku» [Jin, 1997]. B To ke BpeMs aBTOPBI JJIS CBOMX
pacdeToB Hcnoib30Bai MaccuB JaHHbIX ERSSTVS. B pabore [Mapuykosa u ap, 2020]
MOKa3aHO, YTO 3TOT MAacCCUB JIaHHBIX SIBJSIETCS HauOojee HEyIauHbIM BBHIOOPOM IS
onpenenenus cooeitnii DOH u JIH m ux mpoctpancTBeHHbIX TUIOB. Kpome Toro, B
paiioHe Teruioro OacceiiHa 5SKBAaTOpUAIbHOW dYacTh THXOro OKeaHa OTMeYaeTcs
BBIpDQKEHHAsl HECOIJIaCOBAaHHOCTh Mexay MaccuBamu JaHHbix TIIO ERSSTVS,
COBESST2 u HadISST: ko3¢ duinerTsl KOppesiiuu Mpyu COMOCTaBICHUU MacCHUBOB
pexoHcTpykuuid aexat B npeaenax 0.4-0.6, a RMSE cocrtasnser 0.2-0.5°C. YuutbiBas,
yto 151 10 u3 18 ynauHbIX MOMBITOK onpeaesieHus Tuna Jab-HUHBO MOyNb pa3HUILIBI

TIIO B ueHTpaibHOW W BOCTOYHOM Yactu ObUT MeHblie 0.5°, UCHOJIb30BaHUE
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aIbTEPHATUBHOTO MAacCuMBa [JaHHBIX MOKET TMPUBECTH K HECOIVIACOBAHHOCTHU
pe3yJIbTaToB.

Brimie oco6oe BHUMaHUE OBLIO YAEICHO OMUCAHUIO KIIMMATHYECKUX OTKIMKOB Ha
pasupie Tunel OH w JIH, W3 dYero MOXKHO cJenaTh BBIBOJA O Ba)XXHOCTH
3a0JJarOBPEMEHHOI0 MPOTHO3UPOBAHUA ATUX THUMOB. OCOOEHHO 3TO BaXHO IS
pernoHoB CeBepHOIl A3uu U eBpoIreickoil yactu Poccun, MOCKOJIbKY B 3TUX palioHax
EBpasuu Termnas 3uma o0b4HO siBisietcs cieactBueMm BT Dnbp-Hunbo, a xomognas — LT
One-Hunawo [Larkin, Harrison, 2005; Graf, Zanchettin, 2012; Lubkov, et. al., 2020].
CrnenoBarenbHO, 3a0JaroBpeMEHHbIM TporHO3 TuUnoB Oib-Huubo u Jla-Hunbs
OYEBHUJIHO SIBIISIETCS IPUOPUTETHOM 3a7a4ei MOJICIIMPOBAHUS.

BaxHocTh 3TOrO0 TE3MCa B OYEpPEAHOM pa3 moarBepauiach 3umon 2023-2024
roja. boapIIMHCTBO MPOrHOCTUYECKUX LIEHTPOB 0KUIAJIO MOJIOKUTEIBHYIO aHOMAJIUIO
TeMIiepaTypbl B JiekaOpe u sHBape B CeBepo-3amajiHbIX M IEHTPAJIbHBIX PErHOHAX
Poccumn, cBs3piBass ee ¢ BT Onb-Hunbo. Opnako TemmepaTypa OblUla HUXKE
MHOTOJIETHEH HOpMbI. HeorpaBaaBmuiics mporHo3 MOXKET ObITh CBSI3aH CO CMEIICHUEM
nonoxutenbHod aHomanuu TIIO TpomukoB Tuxoro okeana ot OeperoB HOxkHoM
AMEpUKH B 3alaJHOM HANpaBIEHUH B OTH MECSIbl, YTO TMPHUBEIO K CMEHE

MPOCTPaHCTBEHHOTO ThNa Dnb-Huubo ¢ BT Ha cMemaHHbBIN.

1.3 UckyccTBeHHbIE HEHPOHHBIE CETH M MUPOBOIi ONBIT UX UCMOJIb30BAHUS

1Jis1 mporuo3a Jib-Hunbo — IO:xHOe Ko1e0anmne

[Tpuniun paboThl uCKyccTBeHHBbIX HeWpoHHBIX ceTeil (HC) OGasupyercs Ha
aHAJIOTUU C MPOLECCOM OOpabOTKM CHUTHAJIOB B HEHpOHAx MKUBBIX cyiiecTB. Mpaes
CO37aHMsl MCKYCCTBEHHOW HEWPOHHOUW ceTu chopmupoBanach eme B cepenune XX
crosetusi. OHOM U3 MEePBBIX MoJieNiel HellpoHa Obuta OuHapHas Mojens Mak Kammoka-
[Tutca, npemyoxennas B 1943 romy [McCulloch, Pitts, 1943]. Heckonbko mo3zxe, B
1956 rony Ha [lapTMyTCKO#M KOH(EpPEHIMH, TOCBSIICHHON KOMITBIOTEPHBIM HayKaM,
Obuta chopMmyslUpOBaHA KOHIIEMIMS HMCKYCCTBEHHOrOo UWHTeNIekTa. Ee cyTh

3aKIII0YaJIaCh B HAACKIC, 9YTO MAIIUHBI CMOTYT AYyMAaThb U pearupoBaThb TaK KEC, KaK
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yenoBeuecknit mo3r [Fang et al., 2022]. Oto mamo TONMUOK ISl JadbHEHIIMX
uccinenoBanuii, u yxe B 1958 rogy ®psnkom PozenOnaTrrom Obula mpejioKeHa
MaTeMaTU4yecKass MOJIENb IEPECENTPOHA, YCHEUIHO pPEaIM30BaHHAs B BUJIE INEPBOTO
HelipokomnbioTepa «Mapk-1» [Rosenblatt, 1962]. C BbIxolOM B CBE€T KHHIHU
«Perceptrons» [Minsky, Papert, 1969], B koTOpoil TOMHUMO MOJIOKUTEIBHBIX CTOPOH
NepCenTpoHa TaKkke ObLI0 MHOTO KPUTHKH, BHUMaHne K UM HECKONIbKO yMEHBIINIIOCh.

OnnoBpemenHo ¢ P.J.Werbos, B 1974 rony coBerckum yueHoiM A. U.
lanymkuaeiv — [[anymkun, 1974] 61 pa3pa®oTaH  aldropuT™M  0OpaTHOTO
pacnpocTpaHeHusT  OWMOKH, B  HMHOCTPAaHHOM  JIMTEpaType  Ha3bIBAEMbIU
«Backpropagation». Onnako unrepec k HC Bepuynca aumb B 1986 romy, korma
anroput™ Obul BHOBB omyOnnkoBaH D. E. Rumelhart u coaBropamu [Rumelhart et al.,
1986] u mapamnensHo coBerckuMu ydyeHbiMu C.M. bapueBom um B.A. OXOHHUHBIM
[bapueB, Oxonun, 1986]. Ilomymnspuszanus AUCKYCCHUH BOKPYT BO30OHOBJICHHS HJIEU
cozganuss MW wu mnapamnenbHOe pa3BUTHE KOMIIBIOTEPHBIX TEXHOJOTUWA BEPHYJIO
MHTEpEC K M3YyUYCHUIO JaHHOW o0jacTu Hayk. BakHoW uepToil 3TOrO anroputMma ObLia
BO3MOYKHOCTh O0YY€HHS MHOTOCJIOMHBIX MEpPCENnTPOHOB. IIpennoxkeHHbId anroputM u
CEerO/IHS UCIIOJIb3YeTCs AJis1 00yUeHUsl HEHPOHHBIX CETEH.

Ctout ormeTuth, uto B 1970-x 1 1980-x rojsax MHOTOCIONWHBIA MEPCENTPOH U
aJIrOPUTM OOPaTHOTO PACIpPOCTPaHEHUs OUMMOKU ObLIM BHOBb M BHOBb pa3paOOTaHbI
HECKOJIBKO Pa3 pa3HbIMH YYEHBIMU. DTO CBS3aHO C TEM, UTO Kaxjas rpymnmna aBTOPOB
Has3plBaja 3TH TepMHUHBI mo-cBoemy. K mpumepy, A. M. 'anymkuH MHOTOCIOWHBIN
NEePCENTPOH Ha3bIBaJl MHOTOCIOMHOW CHUCTEMOW pacno3HaBaHMs 0Opa30B, a aAJITOPUTM
00paTHOTO pacnpoCTpaHSHUs OIIUOKH — BTOPUYHON (DYHKITMEH ONITUMHU3AIINH.

B 2006 romy [Hinton et al., 2006] Obia mpemsiokeHa KOHIIEOIUs TTyOOKOTro
oOy4eHHs, KOTOpas OTHOCHUTCS K TIPOIECCY MAITUHHOTO OOYYEeHHS ISl TOJYYCHUS
rmyOokoit  cereBoil  CcTpykTyphl. [log  rimyOOKMMH ~ HEWpPOHHBIMH  CETSIMHU
MO/Ipa3yMeBaeTcsi MHOTOCJIOMHOCTh. [lpu 3TOM mpenmnonaraercs, 4TO YyBEJIUYEHUE
YHUCJIA CKPBITHIX CJIOEB JOJKHO YMEHBIINUTh KOJIMYECTBO HEHPOHOB B ATHUX CIOSIX. IJTO
UCCJIEIOBAHUE OTKPBUIO 3MOXy Tiiyookoro o0Oywenusi. Hapuc. 1.2 nmokazana

HCPAPXUICCKasl CBA3b MCK/AY MCKYCCTBCHHBIM HWHTCIIJICKTOM, MAallIMHHBIM 06yquHeM,
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WCKYCCTBEHHBIMA HEHUPOHHBIMH CETAMH W TJIyOOKMM oOydeHueMm. B oTimuume ot
MalIMHHOTO OOYyYeHHs, MpPOILIECC M3BJICYEHUSI MPU3HAKOB TIIIYOOKOTO OOy4YeHUs
BBINOJIHSETCS  aBTOMAaTW4YeCKU. OyHKIMM HEUPOHHOM CETH MOJY4YalTCd IyTEM
o0yueHus. B oTnnune oT HerayOOKuMX HEHPOHHBIX ceTed (K IMpUMeEpy, OTHOCIOMHBIN
MEPCENTPOH), B KOTOPHIX H3BJIEUYEHHBIE OOBEKTHI MPEACTABIAIOTCS ISl MCXOJIHBIX
JJAHHBIX MEHEE PENpPE3CHTATUBHBIMU, KOTJa KOJIMYECTBO CETEBBIX CJIOEB BEJMKO,
byHKIMH, WU3BICUYEHHBbIE MOENbIO, OyayT Oosiee perpeseHtatuBHbiMu [Fang et al.,
2022]. I'mybokoe oOydeHHE TPUMEHSCTCS ISl KOMIUIGKCHBIX CIIOKHBIX 3a7ad4, a
OCHOBHBIM YCJIOBUEM YCIIEIIHOTO MOJICIIMPOBAHUSI CUUTACTCS JOCTATOYHO IJIMHHAA
BBIOOPKA JTAHHBIX (THICSIYM, JECATKH THICSY CHHXPOHHBIX HAOJIOICHUIA ).

Huxe Oyner yaeneHO BHMMaHHUE MOJENISAM W CHUCTEMaM IPOTHO3UPOBAHMS
OHIOK, ocHoBanHbiM Ha meTonax MHC. Bce pe3ynbTaThl OIIEHOK MOJENIEH U CUCTEM

OBLIIM KOMIIAKTHO coOpaHsbl B Ta0m. 1.3.

UckyccTBeHHble
HEeNpPOHHbIE CeTH

MmyGokoe
oﬁyqeuuer

Pucynok 1.2 — Cxema, MiumroCTpUpyrOLas HEPAPXUIYECKYIO CBA3b MEKTY
UCKYCCTBEHHBIM MHTEJUIEKTOM, MAIlIMHHBIM 00yY€HHEM, HCKYCCTBEHHBIMU

HEWPOHHBIMHU CETAMHU U NIyOOKMM 00yueHueM, u3 [Fang et al., 2022]

1.3.1. IlepBble mpocTeiine HEMPOHHBIE CETH U CBSI3aAHHbIE C HUMHU MO/EJIH

aast mporaoza JHIOK

OI[HEI N3 TICPBBIX YCIICHIHBIX TIIOIBITOK IIPUMCHCHUA MCTOIOB HC «x

moaenupoBanuto DHIOK Owina cienana B 1997 rogy B padote [Tangang et al.,, 1997].
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3a OCHOBY MOJIENM B3SIT OJHOCIOWHBIN MepcenTtpoH. Mozens oOy4anach 3a MEPHOJ
1952-1981rr., a mnepuox 1982-1993 rr. BeIOpaH Kak TecTOBBI. B KkauecTBe
NPEIUKTOPOB OBLIM MCHOJIB30BaHBl 3MIIMPUUECKHE OpTOroHadbHble (QyHKIUU (D0D)
nonst TIIO skBaropuansHOM yactTu Tuxoro okeaHa. Ha TecTroBOM mnepuoae aBTOPHI
MOKa3aJId JIOCTATOYHO BBICOKUN ypoBeHb Koppessiuuu, 0.64 1nis 3a01aroBpeMeHHOCTH
12 mecsiieB. Paznoxkenne Ha 90® npoBoauiiock B iepuoa 1952-1993rr., uto ropopur
0 3aBUCHUMOCTH TECTOBOTO MEPUOJIA OT METOJIUKN MOJEIUPOBAHUS, C YEM COIJIAIIAIOTCS
W caMH aBTOPHI B CBOeH cienyrorieit padore [Tangang et al.,, 1998]. CtouT oT™MeTHUTS,
YTO B ATUX pabOTaXx BPEMEHHON HHTEpBal TECTOBOW BBIOOPKHU JICKUT B MEPUOA 0
KJIIMMaTUYECKOT0 «cABUTray, koraa yactora LT Onb-HuHbO 3HaUNTENBHO YBEINYHIIACS,
yTo OBUIO W3yueHO B Oojee mo3auHux wuccieaoBanusax [Latif et al., 1997; Larkin,
Harrison, 2005; Achok et al., 2007; Kao, Yu, 2009; Ren et al., 2019; Dieppois et al.,
2021]. T'opazmo mozxxe B padote [Gavrilov et al., 2019] Obu1 MpUMEHEH MOXOXKUU
noaxo/, rae Ha tectoBoMm nepuonae 2008-2017 rr. oleHKH MOJEIN ObLUTA 3HAYUTEIBHO
Hwke. B pabore [Wu et al., 2006] Takxe UCIIOIB30BAICS KOMOWMHUPOBAHHBIN MOIXO,
BKJTIOUaroIuil pazioxenue Ha 20D u moaens MCII. BxoausiMu ganubiMu Obutn JIYM
u TIIO. B Moaenu He UCHOJb30BAICS OMNPEACICHHBIM KOHKPETHBIM Mepuod s
poBepku. BMecTo 3T0oTr0 npoBoauiiack nepekpecTHas mpoBepka: Mojielb 00yJyanach Ha
9/10 BpemenHoro psina, a 1/10 cmyxwia TecTOBOM BBIOOPKOW,  JI€CSAThIE YaCTH
MEHSUIHCh MECTaMHU U MOJIeNIb O0yJaIiCh 3aHOBO. Takum 00pa3om, Bech psaa 1948-2005
IT. MO’)KHO CUUTATh TECTOBOM BBIOOPKOM. [[7151 3TOr0 meproia mporHocTu4eckasi MoAeIb
C 3a01aroBpeMEHHOCThIO 12 MecslleB MoKas3ajga HEBBICOKUNW YpOBEHb KOPPEISIIIUU —
0.54 nns maaexca Nino3.4.

B pabore [Aguilar-Martinez, Hsieh, 2009] npoBoauIoCh, CpaBHEHHE
b dexTUBHOCTH JMHEWHON perpeccun, OaitecoBckoit HevponHoit cetu (BHC) wu
perpeccun  onopHbIX BekTopoB (POB) nms mnpornozoB OHIOK. B kaudectse
MPEAUKTOPOB HcnoJib3oBanuch nanHele JJYM u TIIO B Tponmueckoi yactu Tuxoro
OKeaHa. ABTOPHI TMOKAa3aJid, YTO CIMOCOOHOCTH MOJENe Ha OCHOBE HCIIOJIH30BAHHOM
NHC u nuHEHHOW perpeccuy HE CWIBHO OTJIMYAJIUCh, NMPU 3TOM METOJ PErPEeCcCUU

OTIOPHBIX BEKTOPOB OKa3zayics 3aMeTHO Xyxe. B pabore [Nooteboom et al., 2018] Ob1
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npenioxkeH oObeauHeHHbli Meron atoperpeccun u MHC mns mpornoza OHIOK.
Pe3ynpTaT mokasasn mpeuMyIlecTBO MO CPAaBHEHMIO C OJHOW M3 Haubojee YCIEeUIHbIX
nuHamuueckux mozaeneit NCEP-CFSv2.

B pab6ore [JIyoxkoB u ap., 2017] nmpemnoxen MCII qis mporHosza uHaekca
FOxnoro kone6anust (MHOK), kak ocHoBHOM xapaktepucTuku coctosgaus IHIOK.
OcoOeHHOCTh pabOTHI 3aKIIOYAETCS B TOM, YTO B KAaueCTBE MPEIAUKTOPOB MOJEIU
WCIIOJB30BAIMCh JIMIIb BHETPONMUYECKUE WHJIEKCHl JalbHEICHCTBYIOIIUX CBS3EH
CHUCTeMBbI OKeaH-aTMocdepa. [l CeBEepHOTro MOMyHIapHus HCIOJb30BAIUCH IIUPOKO
M3BECTHBIE MHJEKCHI, MOTy4YeHHbIe B padote [Barnston, Livezey, 1987]. dnsa FOxuoro
MOJIyIIapUs UCTIOJIB30BAIMCh OapruecKkue CTPYKTypbl u3 padotsl [Mo, White, 1985],
NepecYnTaHHbIC B KIIMMaTHYECKHe UHIAEKChl. HeCMOTpsl Ha YHUKaIBHOCTH MOJX0/1a MPU
BBIOOpE BXOJHBIX MPU3HAKOB, aBTOPaM YJal0Ch MOJYYUTh 3HaUUMbIi mporHo3 UIOK c
3a0JarOBPEMEHHOCTRI0O 5 MecsneB. Takke B paboTe ObUTM MpOaHAIM3UPOBAHBI
OT/ICJIbHBIC TOBTOPSAIONIUECS MHACKCH U OTMEUEHa Ba)KHOCTh MX ydeTa B IPOTHO3aX
NIOK (a cnenoBatensHo u DHHKOK).

ABTtopsbl pabothl [Gavrilov et al., 2019] npeaioxuiu MaTeMaTUYECKYIO0 MOJEIb,
OCHOBAaHHYIO Ha pa3JOKCHUM Ha JMHEWHble auHamuuyeckue wmonel (JIIM) wu
HelpoceTeBbIx MeTonax. s oOydeHuss MoJenu ucnolib3oBauch nanHble TIIO 3a
nepuona 1960-2007 rr., orpanndyeHHsie 30 mupoToil ¢ ceBepa u tora. Ha BeiOpaHHOM
KoHTposibHOM Tiepuoge 2008-2017 rr. ¢ 3a0iaroBpeMEHHOCTBhIO OoJiee 7 MecsIeB
ko3 uimenT koppensiiuu Obul Huke 0.5. Tem HU MeHee, CO CIOB aBTOPOB MOJEIb
MOKa3ajla COIMOCTaBUMOE KauyeCTBO MOJEIUPOBAHUS B CPaBHEHUH C MOJEISIMU,
MPUMEHSIEMBIMU Ha ceroaHs st nporao3os DHIOK.

B pab6ore [Lubkov et al., 2019] nns nmporHo3za DHIOK Owuta ucnonb3zoBana
MOJielb, B 0cHOBe KoTOpoit ieskut MCII, pazpaborannas panee B [JIyokoB u np., 2016]
u pumeneHa jutst mporHo3a MKOK ¢ HeBbicoko# 3a0maroBpeMeHHOCThIO [JIyOKoB U ap.,
2017]. OcoOGeHHOCThIO TpeIaracMoro METOo/a SIBJISICTCS UCMOJb30BAHUE B KayeCTBE
MPEAUKTOPOB HE TMPOCTPAHCTBEHHBIX TOJICH KIMMATHYeCKuX 0a3 JaHHBIX, a
KOHKPETHBIX KJIMMAaTHYECKUX HWHJEKCOB, XapaKTEpU3YIOUIUX TJI00aJIbHOE COCTOSHUE

aTMOC(EpHON NUPKYJISAIUA U OKEAHMYECKHX SHEPrOaKTHUBHBIX IEHTPOB. Heckomabko
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JECATKOB KIIMMATHYECKUX HHACKCOB OTOMPAIOTCS HAa OCHOBE KOPPEISLHMOHHOTO
aHaiM3a B KadyecTBE MPU3HAKOB MoJenu. [Ipu 3ToM MojennpoBaHUE OCYIIECTBISETCS
MyTEM MHO>KECTBEHHOT0 Tepedopa KOMOMHAIMI BXOJHBIX HHAEKCOB, B pE3yJbTaTe
KoToporo (Qopmupyercs BEKTOp pemeHuil ¢ pasHsiMu  KoHCTpyKuusmu MCIL.
HecMoTpst Ha Xopornyto CrocOOHOCTh MOJENH C 3a0JIarOBPEeMEHHOCTBIO TMporHo3a 9
Mec. B KOHTpoibHbIA mnepuon 1950-1957 rr. (r=0.79), B JIONOJHUTEIbHBIN
npoBepouHblii mepuoj 1870-1947 ¢ Takoit sxe 3a01arOBPEMEHHOCTHIO KOPPEIISIIUs Obliia

paBHa Bcero 0.4.

1.3.2. CoBpeMeHHbIe HelipoceTeBble cucTeMbl Nporao3uposanus JHIOK

B 2019 rony Omuia omybOnukoBaHa crtaths [Ham et al.,, 2019], monoxupiias
HAyaJo MPUMEHEHHUI0 TiIy0okoro oOyuenus s mporHo3zoB OHIOK. 3to crano
BO3MOXXHBIM 3a CYET UCIIOJIb30BaHUS AaBTOPAMHU PSAJIOB KIMMATHYECKUX MOJCIeH
npoekta CMIP5. B uccnenoBanuu nmpuMeHsiach cBepTouHas Heiponnyto ceth (CHC),
oOyuenHas ¢ ucnonb3zoBanueMm noned TIIO m TCO, BKIIOYABMIMX BHETPOMHYECKUE
mpoTel (0°-360°B.a1. u 55°10.m1.—60°c.m.). TCO paccuuThiBasics aJisi TIIYOUHBI J10
300M. Beero mis mpemoOydeHuss ObUIO MCIONB30BaHO 42 3amycka 21 KiIMMaTH4YecKOu
Mozenu 3a mepuon 1861-2004 rr. m mons peananuza SODA g TpeHcdepHoro
oOyuenus 3a nepuoa 1871-1973. Takum obpazom, sl TEPBUYHOTO OOYyUEHUSI OJTHOTO
Mecsla MCHOJb30BAIOCh 6006 cpelHEMECSYHBIX 3HAYEHUW [TAHHBIX KIMMATHYECKHUX
mozeneid u 102 3nauenust peananuza SODA mnis tpancheptHOoro o0yuenus. Moaenb
MPEB30I1ILIA CYILIECTBYIOLIUE JTUHAMHUYECKHE MOJENH: c roJIOBOM
3a0J1arOBPEMEHHOCTHIO Ha KOHTPOJbHOU BbIOOpKE 1984-2017 xoppesnsius paBHa 0.65,
a Tak HazpiBaeMas d(G(HEKTUBHAS MPOIODKUTENLHOCTE MporHo3a (DI1I1), BeipakeHHas
B JocTikeHnu kodddummenta koppensuu 0.5, HabmogaeTcs ¢ 3a06J1a0BPeMEHHOCTHIO
Ha 17 mecsieB. B paboTe Takxe mpoBepeHbl CIOCOOHOCTU MPOrHo3a tuna Iab-HuHbo ¢
rOJI0OBOM 3a0J1arOBpEMEHHOCTHIO. B KOHTpOIbHBIN niepuo s 8§ Dnb-Hurbo u3 12 tun

OBbLT MpeIcKa3aH BEPHO.
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[Togxon k wucmonb3oBanmio nanHbix CMIPS B pabore [Hamet al.,, 2019],
MO3BOJISIONIMNA MPUMEHUTh METOABI TTTyOOKOT0 OOYYEHMs, U CBSI3aHHBIA C HUM yCIeX
BBI3BAJIM HHTEpEC Yy uccinenonateneii. OH OblI MpUMEHEH B OoJiee mo3aHuX padorax [Hu
et al., 2021; Cachay et al., 2021; Geng, Wang, 2021; Zhou, Zhang, 2022; Wang et al.,
2023].

B pab6ote [Cachay et al., 2021] npeajokena Mozellb, OCHOBaHHasI Ha TpadOBBIX
Heliponnbix ceTsx ('HC). Bce BxoaHble TaHHBIE U MEPUOABI 00YUEHUS/KOHTPOJIS NSt
OOBEKTUBHOTO cpaBHEHUS ObuM BbIOpaHbl Kak B padote [Ham et al., 2019]. HecmoTtps
Ha TO, YTO B padoTe TaKke HCIONb3yITCA AaHHble moaeneit CMIPS, aBTopel He
npuMeHsin  TpaHcpepHoe oOydenne. Mogenb mnokazana cebs nyume CHC c
3a0J1arOBpEMEHHOCThIO 10 6 MecsneB. OIHAKO € TOJ0BOM 3a01arOBPEeMEHHOCTHIO
yeryrmuia CHC, koaddunrent koppesnsiiuu pasex 0.58.

B pa6ore [Hu et al., 2021] npoBesieH aHanu3 NPOrHOCTUYECKUX CIOCOOHOCTEM
OpUTHMHAIBHOW MOJENN OCTaTOYHOW cBepTouHOM HepoHHOU cetu (OCHC) B pasHble
UHTEpBaJIbl BpeMeHU. Bce nmanubie juist 00ydeHust ObutM aHajgoruyHel padore [Ham et
al., 2019]. Koutponbnslii nepuon Obul Ha 2 roma Ooisbmie ¢ 1982 mo 2017 rr. B
cpaBHenuu ¢ oobryHoii CHC, OCHC oka3anach HE3HAUMTEIHHO JIYYINE 10 TapameTpy
s dexTuBHOTO BpeMeHu mporunosa (r>=0.5), paHoro 20 mecsiam.

B pabote [Geng, Wang, 2021] moznenupoBaHHe OCYUIECTBISUIOCH C MOMOUIBIO
APXUTEKTYpbl CBEPTOYHOM HEUPOHHOM CETH C JUIMHHOW LENbIO 3JIEMEHTOB
kpatkocpounoit namstu (CHC-ILIKII) (Dense Convolution-Long Short-Term Memory
— DC-LSTM), oOnanatonieil cBOMCTBaMU PEKYPPEHTHBIX U CBEPTOUYHBIX HEUPOCETEM.
PesynpTaThl MomenupoBaHHs OKa3aiuch Jiydiie, yeM B pabore [Hamet al., 2019],
OJIHAKO OOBEKTMBHO CPAaBHUTh MX 3aTPyJHHUTENIbHO, TaK Kak B 3TOW paboTte s
MPOBEPKH MojeNn OblT BeIOpaH Oojee kKopoTkuit psg 1994-2017 rr. Tem He meHee, B
paboTe NpUBEIEHO CBOE CpaBHEHHE Ha IMPUMEPE IMPOTHO3a 3MMHEr0 Ce30Ha, TJe
MpeAIoKeHHAs! apXUTEKTypa MOJIEIH OKa3aiach Jiydiie B cpaBHenun ¢ CHC.

B [Zhou, Zhang, 2022] npennokeHo UCMOJIb30BaTh MOjENb, Ha3BaHHyI0 POP-
Net, oObeAMHUBIIYIO aHaTU3 OCHOBHBIX KojebarenbHbiX cTpykTyp (OKC) (Principal

Oscillation Pattern - POP), CHC u JALIKII. B ornuune ot 0®, ananuz OKC wumer
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MPOCTEHITYI0 JIMHAMUYECKYI0 CHUCTEMY, KOTOpas MOXET OOBACHUTH OCHOBHBIC
OCOOEHHOCTH TPOCTPAHCTBEHHO-BPEMEHHBIX JIaHHBIX. Pe3ynbTaTtel MOAEeTupOBaHUS
ObUTM HE3HAYUTENIbHO XYK€ B cpaBHeHUHU ¢ paboramu [Ham et al., 2019; Geng, Wang,
2021], 94T0O MOKHO CHOBA K€ OOBSCHUTH PA3IMYHBIMU TMEPHOJIAMH MPOBEPKH MOJIEIH.
Taxke B pabote [Zhou, Zhang, 2022] BMmecto CMIPS5 ucnonb3oBanucek 23 oToOpaHHbIe
Mozenu npoekra CMIP6.

B [Wang et al., 2023] mpemiokeHa MOJEIb MPOCTPAHCTBEHHO-BPEMEHHOTO
u3BnedeHust U ooveauHenus uHpopmaruu — STIEF (The spatio-temporal information
extraction and fusion), KoTopas COAEpPKUT JBa KIIOYEBHIX KOMIIOHEHTa: OJIOKH
MPOCTPAHCTBEHHO-BPEMEHHOTO M3BIICUCHUSI TPHU3HAKOB U 0ok ciusuaus. [lepBbie
0s10ku ucnosb3yroT BpeMeHHble CHC st u3BinedeHus COOTBETCTBYIOLIUX MPU3HAKOB
BXOJIHBIX TI€PEMEHHBIX. bIIOKM CIMSAHMS TPU3HAKOB TOJHOCTHIO OOBEAUHSIOT
BPEMEHHBIE U MPOCTPAHCTBEHHBIE XapPAaKTEPUCTHUKA MOCPEICTBOM MHOTOCIOWMHOM
CBEPTKM W TMOHMXKaromen nuckpermsanuu. Ha xontponsHOM mnepuone 1982-2020 rr.
mozenb STIEF moxkasana cebst HECKOIBKO JIydille MOAENH, ipeanokenHon [Ham et al.,
2019]. C romoBoit 3a01aroBpeMEHHOCTBIO TTPOrHO3a Koppessauus paBHa 0.69, a DI
paBHa 23 mecsamnam. ABTOPBI OLICHWIH MPOTHOCTHYEeCKHUE criocooHocTr moaenu STIEF,
WCIIONB3Ys pa3Hble KOMOWHAIIMKM HWCTOYHUKOB mpeaukTopoB (puc. 1.3). Crout
OTMETUTh, YTO BHETPOMUYECKUE MPEIUKTOPHl HUMEIOT OOJIbIIOE 3HAYEHUEe s
criocobHocTel nporno3upoBanus (puc. 1.3 D u B). Moaens ¢ HCIIOIB30BaHUEM TOJIBKO
BHETPOMUYECKUX IIUPOT CEBEPHOTO U F0KHOTO MOIyIIapHsi C 3a071arOBPEMEHHOCTBIO OT
5 nmo 18 mecsiueB mMeer Koppensuuio, Oonbiayro yeM 0.4, a pasHUIla KOppesuil
MEK]ly MOJEJBIO C UCIOJIb30BAHUEM MPEAUKTOPOB IO BCEMY 36MHOMY IIapy U TOJBKO B
TPOMUKAX B ATOT K€ MEPHO]I 3a01arOBpeMEHHOCTH TTporHo3a paBHa okojio 0.1. Takxke
CTOUT OOpaTUTh BHUMAaHHWE Ha BaXXHOCTh MHAMICKOTO M ATIaHTUYECKOTO OKEaHOB,
0COOCHHO TIpU MPOTHO3ax ¢ 3abjaroBpemeHHOCThIO 7-11 mecsneB (puc. 1.3 A u C).
HpyruMm He MeHee BaKHBIM PE3yJIbTAaTOM SIBJIAETCS YCHENTHOE MOJCIUPOBAHHUE TOJBKO
Ha ocHoBe TTIO. ABTopsl mokazamu, yto mojenupoBanue ¢ yuetom TIIO+TCO u 6e3
TCO uMerT HECYHIECTBEHHbIC pa3Ivyusi, MPU 3TOM HCMNOJb30BaHUE ToJbko TIIO

IIO3BOJIACT OIICPATHUBHO OOHOBJIATH IIPOIrHO3BbI.
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Pucynok 1.3 — HaBeiku npornozuposanus STIEF Ha ocHOBE maHHBIX U3 pa3IuyHBIX
peruoHoB. (A) RMSE ¢ pa3zinu4HbpIMA KOMOMHAIIUAMH BXOJHBIX OKEAHCKUX 0acCEHHOB.
PO — Tuxuit okean; AO — Atnantudeckuii okear; 10, Muauiickuii okean. (B) RMSE

C pa3IMYHBIMU KOMOMHAIIMSMHU IUPOTHBIX BXOJAHBIX Auana3zoHoB. Tropical —
Tponnueckue mupoTsl okeansl; NH — BHeTponnueckue okeansl CeBEpHOTO
nonymapus; SH — BHeTponnueckuit okean KOxuoro nonymapus. (C) u (D) To xe, 4To

u (A) u (B), Tonbko s koppensinmu. Mcrtounuk: [Wang et al., 2023]

HecmoTpst Ha cpaBHUTEIBHO XOpOIIME pe3ylbTarsl nporrosupoBanus JHIOK
monensto I'HC, wmoxmensmu rtiy6okoro oOyuenus JIIIKII, CHC u OCHC, wu
rudpuHbIMU cuctemamu riyookoro ooyuenust STIEF u POP-Net, ux cyiecTBeHHbIM
OTPAaHUYEHHEM SIBJISIETCS MCIOJIb30BAHHE JAHHBIX KIMMATHUYECKUX MOJENEH, KOTOPBIE,
KaK M3BECTHO, HE IOCTATOYHO TOYHBI B BOCIPOU3BEACHUH MPOILIECCOB CUCTEMbI OKEaH-
atMocepa. CnemoBareNnbHO, Y TaKOro IOJXOJla €CTh OTPAaHUYEHHUE IO BXOJHBIM
JJaHHBIM, KOTOPOE, CyJAs II0 BCEMY, BBIPAXKAETCSA B JOCTHXKECHUHU HEKOTOPOTO Ipenelia
TOYHOCTH, W €ro HE YyJacTCcs TMPeOoJoJeTb, HE 3aMEHHUB JIAHHBIE MOJEJICH Ha
OpPUTMHAJIbHBIE MAaCCUBBI JIaHHBIX WJIM OCHOBAHHBIE HA TaKUX JAHHBIX MAacCCHUBBI
pEaHaIn30B.

Jlaee paccMOTpUM YCIIEXH COBPEMEHHBIX HEUPOCETEBBIX MOZEJIECU U CUCTEM
nporHo3za SHIOK, B KOTOpBIX HE MPUMEHSINUCH JaHHbIC KIUMATHYECKUX MOJEICH IS

oOy4eHus.
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B pab6ore [Petersik, Dijkstra, 2020] npoBemeH aHainW3 NPOTHOCTHYECKUX
CIIOCOOHOCTEM MBYX MOJIeel HEHPOHHBIX CeTel KBAaHTHJIBHOM perpeccuu u I'ayccoBoi
mwiotHoctd (HCKP u HCI'TI) B pa3Hble HHTEpBaibl BpeMeHU. B kauecTBe NpeIuKTOPOB
OblTM BbIOpaHbl OkeaHnyeckuit uHAEKC Nino, 00beM TEIIoi BOJABI BBIIIE HU30TEPMBbI
20°C B Tpomuueckod uactu Tuxoro okeaHa (5°0.m.—5°c.m., 120-80°3.1.),
Nunookeanckuit nunoss (MOJI), cpennee mo miomaan 3HauyeHue, MponopluoHaIbHOE
30HAJILHOW aHOMAaJIMM HANpPsDKEHUs BETpa B 3amajiHoi yacTu Tuxoro okeaHa (2.5°c.1ur.—
2,5%0.11., 120°B.1.—160°3.1.), aHOManu BBICOTHI MOpcKoi moBepxHocTu (BMII). Jlns
OoOy4eHHMs U MPOBEPKUA MOJEIIN MCIOJb30BAIUCH MEPEKPECTHBIE IEPUOIBI POMEKYTKA
BpemeHu 1963-2017 rr. IlporHo3 ¢ roa0BOH 3a0;IarOBPEMEHHOCTBIO MOJICIISIMH B
nepuoasl  1963-1981 rr. wm  2002-2017 7r1r. wnMeeT CpPaBHUTENBHO HU3KHE
KoppesinuoHHble oneHku (okosio 0.4-0.5) B cpaBHeHuu c nepuoaom 1982-2001 rr.
(okomo 0.75-0.8), uTto mpousuTIOCTpUpOoBaHO Ha puc. 1.4. ABTopbl pabothl [Petersik,
Dijkstra, 2020] taxxe cpaaunu monenab HCT'TI ¢ mogensto CHC u3 pabotsl [Ham et
al., 2019] nma omunakoBoMm tmiepuoae 1984-2017 rr. HecmoTps Ha CpaBHUTEIBHO
HeOoubIIYI0 00yyatomyto BeiOOpky Monenu HCI'TI, adpextuBHas mpogoKUTEIbHOCTD
nporo3a, kak u mua CHC, paBna 17 wmecsuam. Ilpu 3TOM C MeHbIIEH
3a0maroBpeMeHHOCThI0  mporHo3a  wmozenb CHC  umeer  Oosee  BBICOKHE
MPOTHOCTHYECKHE cITOCOOHOCTH. C rofoBOM 3a01arOBpEMEHHOCTHIO MPOTHO3a MOJIETh
HCI'TI nokazana koppensiuto 0.58.

Pesynbratel aBTOpOoB padoTh [Petersik, Dijkstra, 2020] cpaBuuBanuce ¢ OCHC B
pabore [Hu et al.,, 2021] na 4-x 10-netHMX npoMexkyTkax BpemeHH. HaBbiku
MPOTHO3UPOBAHUSI C TOJOBOM 3a0JIATOBPEMEHHOCTBIO Ha mpomexyTkax 1982-1991,
1992-2001 u 2002-2011 y Bcex Tpex moxenert (HCKP, HCI'II u OCHC) 6buin
MPUMEPHO OJMHAKOBBI, OJHAKO MOJEJIM TIOKa3bIBald BBICOKME KOPPEJSIMU Ha
npomexyTkax BpeMenu 1982-1991 u 1992-2001, paBubie okoiio 0.78, U CpaBHUTENBHO
HU3KUE Koppemsauuu Ha npoMexyTtke 2002-2011 (=0.4). lng nocneaHero BpEMEHHOTO
unrepBasia 2012-2017 rr. OCHC oxkazanace 3ametHo nayumie HCKP u HCTTI:
koa(durmentsl koppensiiuu paBHel  0.72, 045 u 0.41, coorBercTBeHHO. U3

pe3yJIbTaTOB CPAaBHEHHS MOXHO MOJYEPKHYTb, 4YTO BPEMEHHOM IPOMEKYTOK,
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BbIOpaHHBIN JIJIs1 TPOBEPKU MOJIENEH, CYIIECTBEHHO BIHUSIET HA OOBEKTUBHBIN KOHTPOJIb
U, IO CYTH, IPEIONpEAEIAeT OLEHKY YCIEUIHOCTH. VCKIIoueHrneM oKa3ajicsl TOJBKO
nocinenHuid BpemeHHo nepuofn 2012-2017 rr. rae NporHOCTUYECKHE CIIOCOOHOCTH

OCHC oxa3zainachb Bbllle, ueM y 0onee npoctbix HC.

1.0 1.0
(a) (b)
0.8 0.8 -
1963-1971
1972-1981
o 0.6 1 o 0.6 —— 1982-1991
g: g — 1992-2001
0.4 - 0.4 - — 2002-2011
—— 2012-2017
— 1963-2017
0.2 1 0.2
0-0 T T T T T T 0-0 T T T T T T
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Lead Time [Months] Lead Time [Months]

Pucynok 1.4. IIporHoctuueckue crnocoOHOCTH (KO3 PHUITMEHT KOpPEsSIUK ) MoIeei

HCT'TI (a) u HCKP (b) B pa3nuunbie BpeMeHHbIE CPOKU. MICTOUHHUK N300pakeHus

[Petersik, Dijkstra, 2020]

CTOUT OTMETHUTH, YTO CYIIECTBYIOT JBAa OCHOBHBIX IMOJX0JIa B MPOTHO3UPOBAHHUH
OHIOK: mpsiMoit MHOTOATaNHBIN U TTOBTOpstoIuiicss MHoroatanubii [Chevillon, 2007].
[lepBBiii O3Ha4YaeT HEMOCPEACTBEHHOE MPOTHO3MPOBAHUE OyayIIero Mecsla C
OTIpEeJICIICHHON 3a01arOBPEMEHHOCTBIO, @ BTOPOM 03HAYAET UCIIOIh30BAHUE BBIXOHOTO
pe3yibTaTa MPOrHo3a B KAYECTBE BXOIHBIX JJAHHBIX JIsl OYAYIIUX MECSIEB MMPOTHO3A.

B pa6ote [Mu et al., 2021] npennoxena cucrema npornosupoanus ENSO-ASC,
B KOTOPOM MCTOIB30BAJICS MOBTOPSIONIUNACS MHOTOITAITHBIN MTOAXO/ JIJIsi BCE BHIOOPKHU
JIAHHBIX B HE3aBUCUMOCTH OT ce30Ha, B oTiinunu or CHC u3 pabotel [Ham et al., 2019],
r€ KaXxIbli ce30H nporuoupoBaiics otaeabHo. ENSO-ASC ycTpoeHa kak KOAUpOBKa-
MOJICIMPOBAHUE-ICKOTUPOBAHNE JIaHHBIX. B CHCTEME HCIOJB3YIOTCS  METOJbI
riyookoro ooyuenuss 'HC, CHC u JUKII. B xauectBe mpeaukTOpOB MCHOJIb30BAHbI

TIIO, ocanku, KOMIIOHEHTHI BETPa, UCMapeHUE U 00JaYHOCTh B 00JACTH C TpaHUIIAMU
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40° c.m.—40%0.m. u 160°B.1.-90°3.0. Jlns mpenoOydeHHs: MOIENTU HCIOJIb3YIOTCS
nanneie peananmmza NOAA/CIRES 1850-2015 rr., ana tpancdepHoro oOyuyeHus
UCTIONB3YyeTCsl MaccuB JAaHHbIX HaOmoaenuid REMSS 1997-2012 rr. ITlockombky
MPOTHO3 OCYIIECTBIISIETCS] MOBTOPHBIM MHOTO3TAIHBIM METOJIOM, JJIMHA OOy4YaroIIuX
BBIOOPOK 0a3 maHHBIX paBHA 1992 u 192 mons kaxmoro mapamerpa. ABTOPHI MOKa3aIH
npeumyiiectBo cuctemMbl ENSO-ASC B cpaBHEHHH CO CTaHIAPTHBIMU HEHMPOCETEBBIMU
meroaamu riayookoro odoydenus (CHC, JUKII, DC-LSTM), ucnonib3yromumMu TOT ke
HaOop manHbX, uT0 1 ENSO-ASC. Ognako cpaBuuth cucreMy ENSO-ASC c¢ panee
OMMCAaHHBIMU CUCTEMAaMH U MOJIENIM HE MPEACTABISACTCS BOSMOXKHBIM B BUY KOPOTKOIO
KOHTpoibHO mepuoma 2014-2020 rr., mimMHa KOTOPOTO CBsi3aHA C OTPAHUYECHHBIM
KOJIMYECTBOM JaHHBIX. [l 3TOro KOHTPOJBHOIO TEepUoJa MPOTHOCTHUYECKUE
CIIOCOOHOCTH € T0/I0BOM 3a0yaroBpeMeHHOCThIO paBHbI 0.65, a DIIII coorBeTcTByeT 17
MecsiaM. Takke MOKHO OTMETUTh, YTO HCKIIOUECHHE 30HAJIBbHONM KOMIIOHEHTBI BETpA
MPUBEIIO K HAWOOJBIIEMY CHIDKCHUIO OICGHOYHBIX TIOKa3aTejled MOJICIH, 4YTO
MOATBEPAKAAET BAXKHOCTh 3TOTO MapaMeTpa Kak TpUrrepa siBjieHnil Jinb-HuHbo.

B pabote [Patil et al., 2023] Obna ucnons3oBana CHC, BXOAHBIMU JTaHHBIMU
kotopoit Obutn monst TIIO pexonctpykimuit COBE u OISSTv2 u TCO peananu3oB
SODA u GODAS. PeruoH, KOTOpbIM OTPaHMYMBAIUCH TOJISI HPEIUKTOPOB,
cooTBeTcTBOBa) padore [Ham et al., 2019] (0-360°B.1. u 55°t0.1m1.—60°c.11.). B pabote
MPOBEPSUIUCh TOJBKO TMPOTHO3BI C BBICOKOW 3a0iaroBpeMeHHOCThI0O oT 12 1o 36
MmecsueB. [IpoBepka monenu nmpoBoauiack B nepuon 1984-2021 rr. Hecmotpst Ha TO,
YTO KOPPEJALMS C TOJIOBOM 3a0JIarOBPEMEHHOCTHIO MPOTHO3a ObLIa HIKE, YeM Y
[Ham et al., 2019], u paBnsnace 0.57, a DIIII oka3anack Ha 5 MecsIIeB IOJIbIIE U paBHA
22 MecsIaMm.

B pa6ote [JIyOkxoB u ap., 2023] 6suta qopabotana mojmens nporHo3a DHIOK,
ocaoBanHas Ha MCII [Lubkov et al., 2019; JIyoxoB u np., 2020]. [IpuzHakamu moaenu
OBLIM reonoTEeHIIMA U KOMIOHEHTHI BeTpa Ha 500 n300apruueckoil MOBEPXHOCTH U TOJIS
TIIO. Anroputm paboThl OJOKOB TMOATOTOBKH JAHHBIX W MOJICTUPOBAHMS OMUCAH
Huxe. B koHtponbHbld nepuoa 2007-2023 rr. ¢ rofoBoil 3a01aroBpeMEHHOCTHIO

porHo3a Koppessus mojenu coctasuia 0.64. D111 B paboTe He mpoBepsiIach.
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Tabmuma 1.3 — Mogemu nporuosupoBanus DHIOK, ocnoBannbsie Ha THC

Koppen. (r) | OIIIT
Hcrounuk Meron Bxonuslie qanabIe OO0ydeHue Tect 3261 = 1 ron | 1~0.5
Tangang et al., | MCII+D0® | TIIO 1952-1981 1982-1993 0.64 -
1997
Wu et al., 2006 | MCII+D0® | VM, TIIO Iepexpectras: 1948-2005 0.54 15
Aguilar- POB+D0®/
Martinez, BHC+20® | AYM, TIIO 1948-1979 1980-2005 0.60/0.64 >15
Hsieh, 2009
Gavrilov etal., | JJAM+HWHC | TIIO 1960-2007 2008-2017 - 8
2019
Lubkov et al., MCII H500 1958-2019 1.1870-1947 0.4* 7
2019 O06yu.: NCEP/NCAR 2.1950-1957 0.79* >9
Tecr: *3abn.=
1. 20CR; 2. NCEP/NCAR Imec.
Ham et al., CHC TIIO, TCO 1. 1861-2004 | 1984-2017 0.65 17
2019 OOyuenue: 2.1871-1973
1. CMIP5; 2. SODA (t)
Tect: GODAS
Petersik, HCITI/ ONI, BMII, UOJ, o6pem 1963-2017 0.56/0.56 <15
Dijkstra, 2020 HCKP TEIION BOIBI, 1984-2017 0.58/ - 17
30HaJIbHOE HAIPSYKEHUE 1963-1971 0.51/0.51 12
BeTpa Ilepekpectnas | 1972-1981 0.48/0.46 <6
1963-2017 1982-1991 0.82/0.78 >21
1992-2001 0.75/0.77 18
2002-2011 0.38/0.44 9
2012-2017 0.39/0.42 9
Huetal., 2021 | OCHC TIIO, TCO 1. 1861-2004 | 1982-2017 0.67 18
OO0yueHue: 2. 1871-1973 | 1982-1991 0.78 >22
1. CMIP5 1992-2001 0.79 19
2. SODA (t) 2002-2011 0.4 11
Tect: GODAS 2012-2017 0.72 19
Cachay et al., T'HC TIIO, TCO 1. 1861-2004 | 1984-2017 0.58 -
2021 OOy4eHue: 2.1871-1973
1. CMIP5; 2. SODA
Tect: GODAS
Geng, Wang, DC-LSTM TIO, TCO, KOMIIOHEHTHI 1. 1861-2004 | 1994-2017 0.6 20
2021 BeTpa 2.1871-1973
OO6yuenue:
1. CMIP5; 2. SODA (t)
Tect: GODAS
Mu et al., 2021 | ENSO-ASC | TIIO, ocanxu, 1. 1850-2015 | 2014-2020 0.65 17
KOMITOHEHTHI BETpa, 2.1997-2012
ncnapeHue, 00IavHOCTb
1. NOAA/CIRES
2. REMSS (t)
Zhou, Zhang, POP-Net TIIO, TCO 1. 1850-1980 | 1994-2020 0.57 15
2022 OOyuenue: 2. 1871-1980
1. CMIP6; 2. SODA (t)
Tect: GODAS
Patil et al., CHC TIIO, TCO 1871-1980 1984-2021 0.57 20
2023 Oo6yuenue: COBE, SODA
Tect: OISSTv2, GODAS
Wang et al., STIEF TIIO, TCO 1.1861-2012 | 1982-2020 0.69 23
2023 OO0ydenue: 2.1871-1973 | OObenuHEH U3:
1. CMIP5/6; 2. SODA (t) 1.1982-2004
Tect: 1. Argo; 2. GODAS 2.2005-2020
JIyOkoB u ap., NNM-ENSO | H500, TIIO, KOMIIOHEHTHI 1948-2006 2007-2023 0.64 -
2023 BeTpa
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Mogenu, UCHONB3YIOIIUE JEUCTBUTENbHbIC JAHHbIE HAOMIONCHUN WU
OCHOBAaHHbIE HAa 3THX JAHHBIX pPEAHANIU3bl U PEKOHCTPYKUMH, B LEJIOM IOKa3alu
KOHKYPEHTHBIM PE3ylbTaT B CPAaBHEHUU C MOJEISMH, B KOTOPBIX HCIIOJIb30BAIUCH
JnaHHble KnuMatndeckux mojenei. DI u nmepBeIX U BTOPBIX MOJENEN CONMOCTAaBUMA.
[lpu »sToM  KOAGGUIMEHT  KOppelsuu  JUIsi  TPOTHO30B €  TOJIOBOM
3a077arOBPEMEHHOCTBI0O HecKoibko Huke (Ha 0.1-0.05, roe BbIOpaHHBIE aBTOpamMu
BPEMEHHbIE UHTEPBAJIbI MO3BOJISIIA IPOBECTH CPABHEHMSI KOHTPOJIBHBIX BHIOOPOK) ObLI
OTMEUYECH Y MOJIEJIEN, UCTIOJIB3YIOIINX IEMCTBUTEIbHBIEC TAHHBIC.

[logBons wTOr, ClieAyeT OTMETUTh, KaK JUIsl JTMHAMUYECKUX MOJIENEH, TaK U IS
CTaTUCTUYECKUX MOJEIEH HCIIOIb3YEMbIE BXOJIHBIE JAHHBIE U PO MOJEIU WUIPAKOT
BaXHYI0 poib B ycrnemHocTd nporo3oB DHIOK. 3a nocnennue 30 ner Obuim
npeyIokKeHbl  pa3sHooOpaszHble anroputMbl HC, o0pHAaKO OCHOBHBIE IPOPBIBBI B
cnocobHocTsix Mozeneil HC ObuiM cBsi3aHBl HE CTOJBKO C YCIOXKHEHMEM MOJENEH,
CKOJIBKO C TPOCTPAHCTBEHHO-BPEMEHHBIM PACIIMPEHUEM pA3HOOOpa3usi MacCHUBOB

BXOIHBIX JaHHBIX 3THUX MOI[GJ]Gﬁ.

BriBoasl k I';1aBe 1

AHalM3 JAUTEpPaTypHBIX HCTOYHUKOB, MOCBAIIEHHBIX pa3zHooOpazuio DHIOK wu
€ro MpOrHo3aM, MPUBEII K CIECAYIOIIEMY 3aKIFOYEHUIO.

1. Mexanu3m unteHcudukanuu IHIOK, B ocobenHocTn coObiTuil Dnb-Hunbo,
0 CHX TIOp JUCKYCCHOHEH, OJIHAKO TMOCIeIHUE MACCATUIICTUS OBbUIO TPOBEIACHO
MHOKECTBO UCCIIEJIOBAaHUH, CIIOCOOCTBYIOIIMX €0 MOHUMAHUIO.

2. IlporHo3sl, mpenjaraéMple HAOOPOM JUHAMHYECKUX M CTATUCTUUYECKUX
Mojenel, ucnonb3zyeMbix BMO, orpaHudeHbl BECEHHUM MOPOTOM MPEACKa3yeMOCTH, a
ux 3¢ dexkTruBHAs 3a071arOBPEMEHHOCTh HE TIPEBBINIACT 6-9 MecsIIeB.

3. 3absaroBpeMeHHOCTh omnpeaeneHus tuma cooeituii OHIOK orpannuena
HECKOJIBKUMH MECSIIIaMU, OJJTHAKO COBMECTHOE UCIIOJIb30BaHUE TUHAMUYECKUX MOJIEIIeH

U CTaTUCTHUYECKUX METOOB MO3BOJISIET YBEIMYUTH 3Ty 3a0iaroBpeMeHHOCTb. [lpu
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3TOM, HEKOTOpPBIE  MCCIEIOBaHUS  YTBEPKIAOT  3HAYUTEIBHOE  YBEIMYCHUE
3a0J1arOBPEMEHHOCTH OTpe/ieieHus Tuna npu ucnonszoBanuu MHC.

4. CBoeBpeMeHHBII U 0ojee TouHbIM mporHo3 cocrosHus DHIOK na ceromgns
no3BoJisieT npumeHenne MHC.

5. IlpumeHeHue JAHHBIX KIMMATHYECKUX MOJEJNEH [aeT BO3MOYKHOCTH
WCITOJIB30BaTh QJITOPUTMBI TIyOOKOTO OOY4YEHHsS CBEPTOYHBIX U PEKYPCHBHBIX
HEHUpOHHBIX ceTed. M XoTs Takoi moaX0/1 MOMOTaeT YBEIUYUTh CIIOCOOHOCTU Mojiee
nporuo3a OHIOK, ocraercss omaceHue, CBSI3aHHOE€ C JOCTHKEHHUEM HEKOTOPOIo
npejiesia TOYHOCTH, KOTOPBIM HE YAACTCS MPEOAO0JIETh, HE 3aMEHUB BXOJHBIE JaHHBIC
MO/IEJIE HA OPUTUHAJIbHBIE TAHHBIC.

Takum 00pa3oM, OrpaHUYEHHOCTh MPUMEHSEMBIX Ha CETOJHS NUHAMUYECKUX U
CTaTUCTUYECKUX MOJIeJied He TMO03BOJIIET C JOCTaTOYHOM 3a0JIarOBpEeMEHHOCTHIO
NpEeAyNpeInTh HACTYIUICHHE sABIeHUM Onb-Hunbo m Jla-Hunbs m ux tun. B 1O ke
BpEMSI, PETMOHAJIbHBIE KIMMATHYECKUE OTKIIMKMA HA PA3HBIE TUIBI 3TUX SIBICHUN MOTYT
3HaUUTENbHO oOTHM4Yarhes. I[Ipumenenne HMHC MOXKET CyIIECTBEHHO pACIIMPUTH

npenennl npeackasyemoctu JHIOK u ero tunos.
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I'JTABA 2. UCTTIOJIB3YEMBIE TAHHBIE U ITPOCTPAHCTBEHHO-
BPEMEHHOMH AJIT'OPUTM HOJBOPA IPEJJUKTOPOB

OCHOBY HCCIIEIOBaHUS COCTAaBJIAIOT MACCUBBI JIAHHBIX, KOTOPHIE UCIOJIB3YIOTCA
JUISL TIOUCKA M pacyeTa BXOJHBIX MPEIUKTOPOB B MpeajiaraéMylo B HACTOSIIEH paboTe
HelpoceTeByr0 MoJienb. OCHOBHBIMU KPUTEPHUSIMHU, KOTOPHIMH JTOJDKHA 00J1aaTh TaKas
0aza JaHHBIX SBJISAIOTCS JIOCTaTOYHAs IPOJIOKUTEIBLHOCTh, OJIHOPOJHOCTh U
OmnepaTUBHOE OOHOBJICHUE aKTYaJIbHBIX JaHHBIX.

[Ton mocTaTOYHOM MPOJIOIHKUTEIBHOCTHEIO MAaCCHBOB JIAHHBIX IMOJIPAa3yMEBACTCS
HAJIMYME MHUHUMYM JIByX KJIMMaTUYE€CKUX TMepuoaoB. Ilpu s>ToM wucxogum u3
onpeaeneauss BMO o TtoMm, uro ximmathueckuil niepuojsi coctapisier 30 mer. Taxkum
oOpa3omM, psl JaHHBIX JOJDKEH cOCTaBlIATh He MeHee 60 ner. IloaTroMy MmaccuBbI
JAHHBIX CITYTHUKOBBIX HaOmoneHudt (k mnpumepy, NCEP/DOE, MERRA-2),
OXBAaTHIBAIOIIME TOJbKO 40 JIETHUM BPEMEHHOW NEPUOJ, HE MOAXOMAT ISl PELICHUS
MoCTaBJIE€HHOW 3ajauu. Ilog  OJHOPOAHOCTBHIO  MOAPA3YMEBAETCS  JIOCTATOYHO
OJIHOPOJHBIC O MPOCTPAHCTBY M BPEMEHM JaHHBIE CUCTEM HAOJIOJEHUM, U3 KOTOPBIX
COCTaBJISIIOTCS ~ MAacCCHMBBI PEKOHCTPYKIIMM M  peaHanu3oB. Ilog omepaTHBHBIM
OOHOBJICHUEM TIOHMMAETCS HAMMEHBIINI BPEMEHHOW OTPE30K, 3a KOTOPBIM MOXKET
OOHOBUTHCA MaccuB JaHHBIX. OOBIYHO TakUM CBOHCTBOM 00J1aJalOT MaCCHUBBEI C
OTHOCHTEJIFHO TPYOBIM IIPOCTPAHCTBEHHBIM pa3pelieHueM. TakuM 00pa3oM, MacCUBHI C
BBICOKUM MTPOCTPAHCTBEHHO-BPEMEHHBIM pPa3pellieHHEM, TPEOYIOIINE JOTOJIHUTEIBHOTO
BPEMEHHU /1151 OOHOBJICHUSI aKTyaJIbHbIX JaHHBIX (K npumepy, ERAS, BpeMs oOHOBIEHUS
KoToporo 3anuMaet 10-15 cyTok), HE MOAXOAAT IS PEIICHUs MOCTABJICHHON 3a/1auu.
CnenoBaTenbHO, OJIHA W3 3aJa4 ATOM TJIaBbl — MPOBEPUTH KAYECTBO CYIIECTBYIOLIMUX
MacCCHBOB JJAHHBIX, YJIOBJIETBOPSIOIINX 3TUM TPEM KPUTEPUSIM.

Jpyrasg BaxkHas 3ajaya, KOTOpas pelaercs B 3TOM IJaBe — 3TO peanu3alus
MIPOCTPAHCTBEHHO-BPEMEHHOTO aJITOPUTMA MOATOTOBKH JIAHHBIX JJIsl pa3pa0OTaHHON B

JTACCEPTAIIMOHHON pabOTe MOJICIIH.
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2.1. Ucnoab3yemble B padoTe MacCHBbBI JAHHBIX M OLIEHKA MX KaYecTBa

st pemenus copMyIUPOBAHHBIX 3a7ad B HACTOSIIEH pabOTe MPUBIICKAIHUCH
pa3iiMyHble MACCUBBI JIAHHBIX peaHaln3aoB, pekoHCTpykuuu TIIO u cTaHUMOHHBIE
naHHple HaOmonenuit. [lpu 3TOM Ha KaXkJaOM 3Tare HCCIENOBAaHUS MPUMEHSIIUCH
OTMpe/IeJICHHbIC MACCUBBI JAHHBIX.

OCHOBHBIMM  MaccUBaMU  JAHHBIX,  KOTOpPbI€  HCIOJB30BAIUCH A
MOJICTTUPOBAHUS, ObLIN:

— MaccuB pekoHcTpynpoBaHHbIX AaHHBIX TTIO HadISST Meteoponoruueckoro
oduca ['agnes (Benukobpuranus), ¢ paspemenueM cetku 1°x1° ¢ 1870 mo 2023 rr.;

— MaccuB pekoHcTpyupoBaHHbIX naHHbix TIIO COBE SST2 fAnonckoro
METEOPOJIOTUYECKOT0 ar€HTCTBA B Y3JIaX NPOCTPAHCTBEHHOM ceTKU 1°%1° goCTynHbIN C
1850 mo 2023 rr.;

— CpEIHEMECSYHBIE MOJII CKOPOCTH BETpa U I'eOMOTEHI[Mada Ha U300apUUeCKUX
ypoBHsx u3 atmochepHoro peanaim3a NCEP/NCAR c mrarom cetku B 2.5°%2.5° ¢ 1948
mo 2023 rr.;

JI1s1 TONOJIHUTENBHON MPOBEPKH BOCIPOU3BOJAMMOCTH MOJENbI0 nepuoaa 1872-
1947 rr. BMmectro NCEP/NCAR mnpumensincss armochepHbiii peananu3 20 croieTus
(20th Century Reanalysis V2¢) ¢ marom cetku B 2°%2°, nocTynHsii 3a nepuo 1870 mo
2015 rr.;

Jlns Bepudukamm ykazaHHbIX MAaCCHBOB MCIOJIb30BAJIMCH:

— cpeaneMecsiunbie nanHbie TIIO ¢ OyeB nmpoekta TOGA-TAO ¢ 1981 mo 2019
IT.;

— exemecsunble nanHbie TIIO cmytHuka MODIS (Terra Global Level 3) ¢
paspemuienrem 9 kM ¢ 2001 o 2019 rr.;

— exxemecsunblii MmaccuB TIIO NOAA IO SST v2 (Optimum Interpolation Sea
Surface Temperature v2), MNOJy4EHHBIM NyTeM HWHTEPHOJAIUU JaHHBIX CEHCOpa

AVHRR (cepus cniytaukoB NOAA), ¢ pazpemienuem 1°x1° 3a nepuoa 1982-2018 rr.;
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— JaHHBIE a’POJIOTHYECKOTO 30HAMpoBaHUsA OOBEAMHEHHOTO TJI00aIHLHOTO
apxuBa paauozonaupoBanusi IGRA v2.1 (International Global Radiosound Archive)

HanuonansHoro nentpa kinMmatudeckux ganubix CIIA (NCDC).

2.1.1. Bepudukauusi 60a3bl JaHHBIX MOJISI T€ONMOTEHINAJIA

Jnst  mpoBepku kadecTBa naaHHbiX peaHann3oB NCEP/NCAR wu  20CR
ucnoip3oBajcs OO0beIMHEHHBINH TTI00aNbHBIN apxuB paano3zonaupoBanus IGRA v2.1.
[IpoBepka nmpoBoAUIach Ajisi ATIIAHTUKO-EBpONEncKoro peruoHa. J{onoJIHuTebHO, 115
CpaBHEHHUs OBbLIM B3AThl JaHHble peaHanu3a ERA-Iterim. [Ins HageXHOro cCpaBHEHMS
JTAHHBIE pEaHaJU30B OBUIM HWHTEPHOJUPOBAHBl METOAOM CIUIAHH-UHTEPHOJSLUUUA B
KoopauHatel 119 asponormyeckux craHuuid BbeIOpaHHOro peruoHa. Ha puc. 2.1
n300paxensl npodunu koppensunu, RMSE u cpeaneit ommoOku ais reonoTeHnana Ha
n3zobapuueckux ypoBHsX oT 925 o 200 rlla. [Ipodunu nomayyeHsl myTeM OCpEIHEHUS
KPUTEPUEB OLECHUBAHUS, DPACCUUTAHHBIX B TOYKE KaXKIOW CTaHIMU, HA KaXIOM
1300apUYECKOM YPOBHE.

Ha ocHoBe cpaBHeHusi koppemsumii (puc. 2.1a) B 0Oojee HUBKHUX CIIOSIX
aTMocdepbl 00HapyKeHbl He3HauHWTelbHble pazauuusi, npu >Tom NCEP/NCER
okazanicsi Heckoybko Xyxke ERA-Interim na 0.01-0.02 emunuusl. Ha Oapuueckom
ypoBHe 500 rlla m BellIe pa3auyusl NPAKTUYECKH OTCYTCTBYIOT, a KOPPEJSALHH
peaHanu30B ¢ JaHHbIMU HaOmogeHuid Oosbiie 0.99. Eciam paccmaTpuBaTh CpeaHIOO
omnbky, To NCEP/NCAR nokazan ce0s nyumie ERA-Interim. OTKIOHEHHS OT JaHHBIX
Haomonennii peananmmza NCEP/NCAR mnpaktudeckn oTcyrcTBytOT (puc. 2.16), B TO
BpeMs kak peaHanu3 ERA-Interim cuctemaTudecku 3aHWKaeT MOKa3aTelu
reonoreHuuana. CpaBHenne RMSE ykaspiBaeT Ha TO, uTto peaHanu3 ERA-Interim
Jydlle B HU3KUX ciosix atMochepsl, a mocie 500 rlla myumem okazancs NCEP/NCAR
(puc. 2.1B). Ha uzobapuueckom ypoBHe 500 rIla RMSE peananmuzoB NCEP/NCAR u
ERA-Interim paBHo 18M 1 17M, COOTBETCTBEHHO.

OueBuano, uto peananu3 20CR 3ametrHo xyxxe NCEP/NCAR u ERA-Interim.

[Tpodumu koppensmu 20CR yka3piBatoT Ha 60Jee HU3KHI YPOBEHb COTJIACOBAHHOCTH
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B CpaBHEHHHM C Jpyrumu peananuzamu, 0.97-0.98, cpemusis ommbOKka ykas3bIBaeT Ha
CHCTEMaTHUYECKOE 3aBbIllIeHUE reonoTeHnuana, a RMSE pacter mo mepe yMeHbIICHHS
nasienus ot 20m Ha Gapuueckom ypoBHe 850 rlla o 75m Ha Gapuueckom yposHe 200

rlla.
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Pucynox 2.1 — Ilpodunu (a) — ko3¢ dunnenToB koppensiiu, (6) — cpenHen ommoOKu 1
(8) — RMSE reonorennumana st peananuzoB NCEP/NCAR, ERA-Interim u 20CR B

CPaBHEHHUH C JAHHBIMH a3POJIOTUUECKOTO0 30HaupoBanus maccuBa IGRA v2.1

I'eonorenuan Ha wu3oOapudyeckoM ypoBHe 500 rlla sBIAETCS KIIOUYEBBIM
napaMeTpoM JaHHOU paboThl. BOJBIIMHCTBO MPEIUKTOPOB MOJIENIU, ONTMCAHHOU B [ 11aBe
3, paccuMTHIBAIOTCS UMEHHO Ha OCHOBE 3TOro nosst. [loatoMy paccmoTpum nogpoodHee
pacrpeiefieHue pa3HUIlbl pACUETHBIX U HAOII0JJaeMbIX BEJIMUMH TeonoTeHIuana Ha 500
rlla. Ha puc.2.2. uzo0pakeHa rucrorpamMma pacrpeeieHusi CpeaHel OmuOKu s
peanann3oB ERA-Interim u NCEP/NCAR wu nosns cpeaneil-omn6ku reonotenuuana. 1z
TUCTOTrpaMMBbl Ha puc.2.2a oueBuaHO, yTo ERA-Interim 3aHm>kaeT reonoTeHIHATBHYIO
BbIicOTy, a NCEP/NCAR X0Th U UMEET MOJTy OKOJIO HYJISI, HO TIPH 3TOM paclpeielieHue
Oonee criaxkeHHoe, 4yto roBoput o Ooisiee Bbicokoit RMSE. Pacnpenenenue moss
cpenneii ommOku peananuza NCEP/NCAR roBOpuT O HEpaBHOMEPHOCTH €€
pacnpenenenus. B Cpenn3eMHOMOPCKOM PErMOHE OTMEYAETCsl 3aHW)KEHHE 3HAYECHUMN

reonoTeHnuana, a B Bocrounon EBpone — 3aBpieHue.
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Pucynox 2.2 — (a) — cpennsis ommoOka reonorennuana Ha 500 rlla peananuzon
NCEP/NCAR (xpachsriit) u ERA-Interim (cunnif); (0) — moJie pactipefenieHus cpeaHen

ommn6ku reonorennuana Ha 500 rlla peanamuza NCEP/NCAR

2.1.2. Bepuduxanusi peKOHCTPyUpOoBaHHBIX 0a3 faHHbIX TIIO

B nHacrosiieM wucclieoBaHUM ISl pacueTra MHACKCOB NInO M OKEAHUUYECKUX
MPEAUKTOPOB HUCIOJIB30BATUCh pekoHcTpyupoBanubie gaHHble TIIO HadISST wu
COBESST. Onuiiem 3Ti MaCCUBBI JaHHBIX W TIPOBEJIEM MX BEpPUPHUKAIMIO HA TIPUMEPE
Tponmyeckoi 30HbI Tuxoro okeana. Ilomumo »stux aAByx ©6a3 ganubix TIIO,
JOTIOJIHUTEIPHO JIJI1  CpaBHEHMsI HCHoJb3oBajgack ©Oa3za pgaHHbix ERSSTVS ¢
IIPOCTPAHCTBEHHBIM Pa3PEIICHUEM Y3JI0B CETKH 2°X2°.

Haunubie TITO B maccuBe HadISST oxBateiBatoT niepuog ¢ 1870 mo 2018 rr. Onu
coctosAT U3 Mopckoro 6aHka JaHHBIX MeTeopoorndeckoit ciyx0n1 BennkoOputanuu
(MDB — Marine Data Bank) B y3imax mnpocTpaHcTBEeHHOUW ceTku 1°X1°, Koropsle,
HaunHas ¢ 1982 r., BkmouaroT AaHHbie [J100anbHON CUCTEMBI TEICKOMMYHHUKAIIAN
(GTS — Global Telecommunications System). Jlis pacumpenus oobema uHbOpMaIu
MDB npusnekanuce cpegaeMecsiunblie nanabie 0 TI1O 3a nepuoa ¢ 1871 mo 1995 rr. u3

Bceobbemumronmiero MaccuBa  JaHHBIX 00 okeane u  armocdepe (COADS —
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Comprehensive Ocean-Atmosphere Data Set). Kpome »storo, B MaccuBe ObLIH
UCIIOJIb30BaHbl ciyTHUKOBbIE AaHHbie NOAA (cencop — AVHRR), nabmiomaembie
TOJIBKO B HOYHOE BpEMs CYTOK, M pa3pabOTaH CBOM allTOPUTM ACCUMMIIALIMU ATUX
nanubeiX (Rayner et al., 2003). IIpu 3TOM UX aJropuT™M UMEET 3HAYUTEIIbHbIC OTIMYUS
ot anroput™ma, npumensemoro B maccuBe NOAA IO SST v2 [Reynolds et al., 2002].
TIIO B maccuBe HadISST BoccTanaBimBaeTcs ¢ MCHOIB30BAHUEM HHTEPIOJSIIUOHHON
OpoLEIypbl C ONTUMAJIbHBIM YMEHBIIEHHEM IO MPOCTPAHCTBY B JBa JTama, C
MOCJEAYIONIUM HAJIOKEHHEM KadeCTBEHHO-YIYUIICHHBIX JIaHHBIX HAOIOACHUN C
MPUBSI3KOM K CETKE, YTO MO3BOJIIET BOCCTAHOBUTH O0Jjiee JIOKallbHbIE AeTanu [Rayner et
al., 2003]. B camoii MaremMaTH4eCKOM MOJEIM HCIOJb30BAaHO pa3IOKCHHE Ha
smnupuueckue oproroHaidbHbie GyHkiuu (O0®P) nanubix TIIO «in situ» U JaHHBIX,
MOJTYYEHHBIX C IIOMOIIBIO JUCTAaHIIMOHHOTO 30HAupoBanus 3emiu [Rayner et al., 2003].
Hannple HadISST wumeror Ooljiee BBICOKOE MPOCTPAHCTBEHHOE pa3pellieHHe, II0
cpaBHenuto ¢ ERSSTvS, Ho nepuo BoccTaHOBIEHHBIX TaHHBIX MeHbIIe (¢ 1870 1), uem
y maccuBoB ERSSTVS5 (c 1854 r.) u COBE SST2 (¢ 1850 1.).

COBE SST2 — »10 maccuB cpenHemecsuHblXx aaHHeIX TIIO Sfnmonckoro
METEOPOJIOTUYECKOT0 areHTCTBa B Y3JIaX MPOCTPAHCTBEHHOM ceTkH 1°X1° 3a mepuon c
1850 mo 2018 rr. (Hirahara et al., 2014). COBE SST2 Bkmtouaetr B cebs TIIO wu3
MexyHapoIHOTO KOMILIEKCHOT0 Habopa JaHHbIx 00 okeane u atmochepe (ICOADS —
International Comprehensive Ocean-Atmosphere Data Set) Bepcum 2.5, nanHble
anonckor kosuiekuuu Kobe [Ishii et al., 2005] u ganHble HaOMIOAEHUNW C MOPCKUX
CyzioB U pa3Hbix TUNoB OyeB [Hirahara et al., 2014]. Takxe B MaccuBe HUCIOJIb30BAIIUCH
nanubie cnyTHUKOB NOAA (cencop AVHRR), npumensiembie ayig pas3iioxeHUsT Ha
D0® [Hirahara et al, 2014]. Opnako B koHeuyHoMm mpoaykre COBE SST2
CIyTHUKOBBIE JJaHHBIE HE ACCUMUIUPYIOTCS. DTO CBA3AHO C TEM, UTO OHU YBEINYUBAIOT
m3meHunBocth TIIO Ha 10-20% 10 MPOCTPAHCTBEHHOW CETKE, TEM CaMbIM HCKa)as
peanbHyto kaptuHy [Hirahara et al., 2014]. Kak u B HadISST, mannwsie no 1941 r.
CKOppEKTHpOBaHbl ¢ ucnoyib3oBanuem merona C. K. ®omnmanga u J[. U. Ilapkepa
[Folland, Parker, 1995]. DOToTr »sMnupuyYecKuili METOJI OCHOBAaH Ha CpaBHEHUU

pE3YyABTATOB CHEHHAIBHO TpoBeAeHHbIX n3MepeHuid TIIO, BBINOJIHEHHBIX HA TOPTOBBIX
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U JPYruX TMOIMYTHBIX CYJaX PYYHbIM TEPMOMETPOM IMPU H3MEPEHUU TEMIIEPATYPHI
3a00pTHOM BOJIbI B BHICTABJIICHHBIX Ha Mally0e BeApax ¢ YYETOM TEIUIO- U BIarooOMeHa.
B pe3ynbTate B JaHHBIC BHECEHBI T€OrpaPUIECKUE U CE30HHBIC MOMPABKH TSI TIEPHOA
c 1856 mo 1941 rr. BoccTaHOBIEHHBIE CKOPPEKTUPOBAHHBIC JaHHBICE W JIaHHBIC,
NPOIIEIINE KOHTPOJIb KadecTBa, HAKJIAJAbIBAIMCh Ha CETKY C UCHOJIb30BAaHUEM
ontuMasibHON mHTepnofsiuu [Hirahara et al., 2014].

CpaBHUTENbHBI aHaNM3 BBHIMOJHSJICA B  HECKOJBKO JTamoB. Bhayaie
npoBoauiioch cpaBHenne maccuBoB HadISST, ERSSTvS5 u COBE SST2 mexny coboi.
3aTeM O9TU K€ MAaCCHUBBl CPABHUBAIUCh CO CIYTHUKOBBIMH U HATypHBIMU
HaAOJIOICHUSIMU.

Ha nmepBoM 3Tane ¢ NMOMOIIBIO KOPPETSLHUOHHOTO aHaiu3a ObLIO MPOBEIEHO
cpaBHenue maccuBoB HadISST, ERSSTvS u COBE SST2.

[Tockonpky MaccuB nanHbix ERSSTvS umeer otnnunyio ot HadISST u COBE
SST2 perynsapHyl0 CETKYy KOOpPAWHAT, Il HEro OBLIO BBIMOJHEHO YMEHBIICHUE
Pa3MEpPHOCTH B €AUHYIO OJHOIPAAYCHYIO CETKY C MOMOIIbIO CIUIAH-UHTEPIOJISIUH,
00€ecIeyuB MPOCTPAHCTBEHHYIO COMTOCTABUMOCTh MAaCCUBOB.

Pe3ynbTaThl paccunTaHHbIX nojel koppensiuuu 1 RMSE mMexny cpaBHUBaeMbIMU
B paboTe MaccMBaMH MpuBENEeHbI Ha puc. 2.3. MOXHO OTMETUTbH, YTO KOPPETSAIUs
mexay COBESST2 u HadISST (puc. 2.3B) B 3KBaTOpHaIbHOW 30HE HECKOJBKO BBIIIIE,
yem B ciydae koppemsiiuii Mexay HadISST-ERSSTvS (puc. 2.3a) u COBESST2-
ERSSTvVS (puc. 2.31). DTOT e BbIBOJ MOJATBEPKAACTCS MPU OIEHKE KOPPEISIIIMOHHOM
CBs3M B paiioHe Nino3.4: 3a Bech nepuoj CpaBHEHUU KOIPPUUMEHT KOPPEISIUU s
COBESST2-HadISST paen 0,93, B 10 Bpems kak g1 HadISST-ERSSTvS u
COBESST2-ERSSTv5 — 0,90 u 0,89 coorBerctBenHo. RMSE maccuBoB HadISST u
COBE SST2 otHocurenbHo Apyr apyra He npessimaioT 0,4°C. X ¢X0aCcTBO YaCTUYHO
MOXHO OOBSCHUTH HCIOJB30BAaHUEM HEKOTOPBIX aHAJTOTMYHBIX METOJIOB TpHU
peKOHCTPYKIMU AaHHBIX 10 1941r. [Hirahara et al., 2014]. B oTinune oT TeCHOMU CBSA3U
mexay HadISST u COBE SST2, ERSSTvS otnuuaercst ot Hux 6onbsime 1 RMSE B
cpeadem papusietrcs 0,3-0,5°C, npu stom RMSE B paitonax Nino3 u Nino4 gocturator

0,7°C.
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Cnenyer o0OpaTUTh BHHMMAaHHE Ha TEIUIbI OacceilH »KBaTOpUAIbHBIX BOJ,
KOTOPBINA IOJ JEHMCTBUEM IMACCATHBIX BETPOB CMEIIEH HAa 3alajl TPOIUYECKOW 30HbI
Tuxoro okeana. B 3Tom paiioHe HaOJI0/1aeTCsl HEBBICOKAsl COTNIACOBAHHOCTH MEXIY
BCEMU TpeMsi MaccuBamu, koppessiuun paBHbl 0.5-0.7, a RMSE — 0.5-0.9°C. IIpu stom
UCXOJI1 U3 TEOPUU OCIIILISATOpa «3arpy3ku-pasrpys3ku» [Jin, 1997] sra obnacth

SIBISIETCS KiTtoueBol B oopazoarnu JHIOK.

Pucynok 2.3 — Koadpunmentsr koppemnsiun mexxay maccuBamu ERSSTvS u HadISST
(a), COBE SST2 u HadISST (8), ERSSTv5 u COBE SST2 (1), u RMSE maccuBoB
ERSSTvS5 u HadISST (6), COBE SST2 u HadISST (r), ERSSTv5 u COBE SST2 (e)

Jlanee B paboTre paccMoTpeHO u3MeHeHue koppeisituu 1 RMSE mexny tpems
MaccuBaMu BO BpeMeHU. [[i1s1 aToro Obun paccunTanbl KO3PPUIUEHTH KOPPEIALNUNA U
RMSE nmns ckonbasimero 30-netnero nepuoaa ¢ 1870 mo 2018 rr. B paiione Nino3.4
(puc. 2.4). Ilonyueno, uro mapa COBE SST2-HadISST ¢ 1885 mo 1960 rr. umeer
K03 ¢umeHTs Koppensiuuu 30-IeTHEro CKOJIb3AIIEro NepHoa BhIIIE, YEM OCTaIbHbIE

KOppessiMoHHbIe napsl (puc. 2.4a), a RMSE — nmxe (puc. 2.46). Ilpu stom ¢ 1905 r.
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KOA(DPUITMEHTHI KOpPENSIIUU ISl BCEX 3 Mmap yMeHbInarTcs cuHXpoHHO, a RMSE
nosbimatorcs. Jist Bcex 3 map B mepuoa ¢ 1900 mo 1970 rr. ngaHHble MeEHee
corjlacoBanbl (koppensiiuu ymeHbinatoTcsi, RMSE pacrtert), yem B nepuoa ¢ 1986 no
1900 rr.. Hauunas ¢ 1970-x rogoB HaOMt0maeTCs 3aMETHOE YMEHBIICHHE Pa3IMudi
MEX]Ty PEKOHCTPYKIIUSIMHU, YTO MOXKET OBITh CBSI3aHO C YBEJIWUYEHHUEM OO0ECIICUCHHOCTH

OaHKa JaHHBIX.

a 6
1 4 0,6 -
f::’w
0,95 - 0,5 -
0,9 - 04 -
0,85 - 03 -
0.8 - ——COBE-ER 02 - \
——ER-HAD '
0975 1 0,1 T
COBE-HAD
0,7 T T T 0 T T T
1886 1915 1945 1975 1886 1915 1945 1975

Pucynox 2.4 — Koaddunments koppensiuu (a) 1 RMSE (0), paccuntanubie s
ckonb3diero 30-netTHero nepuoja B paitone Nino 3.4 Mexa1y MacCUBaMH JTAHHBIX
ERSSTv5 u HadISST (kpacnas nunus), COBE SST2 u HadISST (3enenast), ERSSTvS5
u COBE SST2 (cunsis)

[lo pe3ynpTaTaM NPOBEICHHOIO BBIIIE CPABHUTEJIBHOIO aHaldu3a JJid
UCIIOJIB3YEMbBIX B pa00TE PEKOHCTPYHUPOBAHHBIX JTAHHBIX MOKHO CHIEJIATh BBIBOJ O TOM,
41O HanboJsiee uaeHTHYHbI apyr K Apyry maccuBbl HadISST u COBE SST2. 310 M0oXHO
OOBSCHUTH TEM, YTO METOJIBI UX PEKOHCTPYKIMHU noctaTouHo cxoxku [Hirahara et al.,
2014]. OcobenHo 7TO KacaeTcs PEKOHCTPYKIMM HaHHbIX A0 1941 1., KOTOpbIe
KoppekTupoBaiiuch Ha ocHoBe Meroaa C. K. ®omnanga u JI. U. Ilapkepa [Folland,
Parker, 1995].

Ha BTOpOoM 3Tarie npoBeAeHO CONOCTAaBICHHE PEKOHCTPYUPOBAHHBIX MACCUBOB CO

CIIyTHUKOBBIMH JIaHHBIMU M HATYpHBIMH HaOmofeHusmu. B tabnuie 2.1 nmpuBemeHb
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pesynbratel cpaBHeHus MaccuBoB HadISST, ERSSTv5S u COBE SST2 ¢ nmanabiMu
naturka AVHRR (cnytHuku NOAA), cKOppeKTUPOBAaHHBIMU Ha OCHOBE H3MEpPEHUM
«in situy B mpoekre NOAA OI SSTv2, matumka MODIS (cmytauk Terra) u
U3MEpPEHUSIMU «in situy», moilydeHHbIMU ¢ OyeB mpoekta TAO, pacnofioKeHHBIX Ha
skBatope. CieyeT OTMETUTh, YTO JIJIsi CPABHEHHUSI MACCUBOB PACCMATPUBAIUCH TOJIBKO
NEpPUOJIbl, B TEYEHUE KOTOPHIX B KAKIOM M3 MACCHMBOB IPHCYTCTBOBAJIM JAaHHBIE.
[ToaToMy BpeMEHHBbIE OTPE3KH aHAIM3UPYEMBIX MACCHBOB paznuyaroTcs. Tak, s
NOAA OI SSTv2 nepuon paBen 1982-2018, mist cniytauka Terra — 2001-2018 u Oyes
TAO — 1981-2018, npu 3ToM naHHbIE OyeB UMEIOT MPOMYCKHU. B kadecTBe obnacreid, no
KOTOPBIM MPOBOAWIOCH CpaBHEHUE psAoB AaHHbIX, M1 NOAA OI SSTv2 u MODIS-
Terra Obun BbIOpanbl pernoHbl Nino3, Nino4 u Nino3.4, a nns OyeB npoekta TAO
OblJla  BBITIOJIHEHA  CIUIAMH-UHTEPIIONSIUS ~ PEKOHCTPYUPOBAHHBIX  MAcCCHMBOB B
KOOpAWHATHI JoKanu3aruu o6yes (0°mr, 95°3.1., 125°3.1. u 140°3.1.). 3 ucnonb3yembIx
PSAZOB TaHHBIX UCKJIFOYEH TPEH] U CE30HHASI U3MEHUYHUBOCTb.

[lo pe3ynapTaTaM KOPPEKIIMOHHOW OLIEHKHM H3 Tabmuibel 2.1 BHIHO, 4YTO
kodpdunmentel koppensuuu ¢  gaHHeiMA NOAA OI SSTv2 s pazauyHbIX
PEKOHCTPYMPOBAHHBIX MACCHUBOB NpPaKTHUECKM HE oTindarorca U paBHbl 0.99-0.98.
Takast BbICOKasi KOPpEIALHs MOXKET ObITh CBsi3aHa ¢ TeM, uTo MmaccuB NOAA OI SSTv2
KOPPEKTUPOBAJICA C MOMOIIBIO CYAOBBIX HAOMIOACHUI 1 HabmoaeHuit ¢ 0yeB [Reynolds
et al., 2002], koTopble TaKXe YYUTHIBAIKCh BO BCEX TPEX MCIOJIb3yEeMbIX
pekoHcTpykiusax. [Ipu stom maccuB NOAA OI SSTv2 conmepuT gaHHBIE € CEHCOpa
AVHRR, KOTOpBIIi HCHOJIB30BAJICA B KaXJIOM M3 MAacCHBOB Ha Pa3JIMYHBIX 3Tamax
KOPPEKTUPOBKHU. AHAIU3UPYS B3aUMOCBS3b C OCTAIBHBIMH 0a3aMU JTaHHBIX, OTMETUM,
4yTO HauboJsiee TOYHO OTOOpakaeT NAMHAMHUKY M3MeHeHus Temneparypsl maccuB COBE
SST2. Campie HuU3KHE KOIPOUIIMEHTH KOPPEISIUU C BbIOpAHHBIMU 0a3aMul JTaHHBIX
OBLITM TIOJTyYeHbI TIpH cpaBHeHUH ¢ MaccuBoM ERSSTVS.

[To pe3ynbraram oueHku RMSE B cpaBHenun c¢ Oysimu TAO camoe MeHblee
otkionenue Habmomaercs y maccuBa COBE SST2. B cpaBuenuu ¢ ganasimu MODIS-
Terra u NOAA OI SSTv2 naubonee Huzkue orkioHeHus: umeeT maccuB HadISST.

Tombko B patione Nino3.4 B cpaBHeHuu ¢ ganHeiMu MODIS-Terra cpaBHUTENBHO
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Huskoe RMSE npuypoueno maccuBy COBE SST2. MaccuB ERSSTvS nokasbiBaer
OTHOCHUTENBHO MakcHUMalbHble oka3aTenu RMSE.

Takum 00pa3om, MOXHO clenatbh BbIBOJA, 4TO pexoHcTpykuuss COBE SST2
Jy4Ille OCTaJbHBIX MAaCCUBOB yCBauBaeT JlaHHbIe OyeB mpoekta TAO, npu 3ToM nMeer
BBICOKYIO KOPPEISILIMOHHYIO CBfA3b CO CIYTHHMKOBbIMH JaHHbIMH MODIS-Terra,
KOTOpPBbIE HE YCBAaWBAJIUCh B JIAHHOW PEKOHCTPYKIMU. B Toxe Bpemsi, kodhOHUIHEHTHI
koppemsiiuu MaccuBa HadISST Heckonbko Huke B cpaBHeHHMU ¢ JaHHbIMH MODIS-
Terra, ognako, B paiioHax Nino3 u Nino4 MaccuB MOJYYWJI CPABHUTEIBHO HU3KHE
ouenkn RMSE. MaccuB ERSSTvVS, HecMoTpst Ha TO, 4yTO 0OOy4Y€HUE €ro MOJEIu
PEKOHCTPYKIIMKU TipoBoAmiIoch B mepuwon 1982-2011 [Huang et al.,, 2017], xyxke
OCTaJIbHBIX MACCHUBOB OIKCHIBACT TEMIIEPATYPHBIE U3MEHECHUS B BHIOPAHHBIX PErHOHAaX,

uMes CPaBHUTEILHO HU3KHE KOdPDUIIUEHTHI Koppemsiuu u Beicokue RMSE.

Tabmuua 2.1 — CpaBHenue maccuBoB pekoHcTpykumii COBESST2, HadISST wu
ERSSTv5 ¢ nmanasiMu cnythuka Terra (cencop MODIS) 3a mepuon 2000-2015,
cnyTHUKOB NOAA (cencop AVHRR) 3a nepuon 1982-2015 u 6ye mnpoekxra TAO 3a
nepuon 1981-2015 Ha ocHoBe koppensiunu u RMSE

N} r RMSE,°C
MAceHB | PatoR "H ISST | COBESST2 | ERSSTv5 | HadISST | COBESST2 | ERSSTV5
Nino 3 0,99 0,99 0,99 0,24 0,34 0,41
NOAA 1= 32T 099 0,99 0,99 0,18 0,27 0,34
OISST2 Nino4 | 098 0,99 0,98 0,19 0,31 0,39
Nino 3 0.94 0.94 0.94 0.32 0.45 0.46
Cencop -
VoD | Nino34 | 091 0.98 0.89 0.47 0.34 0.65
Nino4 | 0092 0.98 0.98 0.44 0.59 0.68
Byn 05 3.1, 0.88 0.90 0.89 0.67 0.62 0.66
Tags | 12530 | 094 0.95 0.93 0.51 0.47 0.53
14031 | 096 0.96 0.94 0.41 0.37 0.47

* oyu npoexma TAO, npussazannvie K ONpeOeeHHOU TOKAYUlU, 8 CEA3U C YeM 8 KOOPOUHAMbL
0yes 6bINOIHANACL CNIAUH-UHMEPNONIAYUSL MACCUBOE PEKOHCIMPYKYUOHHBIX OAHHBIX.

B wurore, paccmotpeB mpodwim koppemsinuu, cpeanei ommbOku u RMSE wu
JeTaJIbHO M3YYUB OIIMOKM reomnoTeHIMaga Ha uzobapudeckor moBepxHoctu 500 rlla
peananm3oB NCEP/NCAR, ERA-Interim m 20CR, MOXHO cjenaTh BBIBOJ, 4YTO

peananu3 NCEP/NCAR BnonHe mnpuroieH [Jjsi pacuera HWHAEKCOB aTMOc(hepHO
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mupkyasauu.  ['eonmorennman Ha 500 rlla peanamuza NCEP/NCAR  umeer
HE3HAUUTEIbHbIE OTKIOHEHUS! OT 0a3bl AHHBIX HATYPHBIX HAOIIOJEHUMN, KOPPEIAIUs
paBHa 0.99, cpennsis ommnoOka okoso 0, a cpelHeKBaipaTUyHas omnuoKa paBHa 18m.

B pesynbrare mpoBeAEHHOTO CpPaBHUTEIBHOTO aHaliM3a ObLIO MOKa3aHO, YTO
JuHeWHas cBa3p  Mexnay MaccuBamu ERSSTvS, HadISST u COBE SST2
cpenneMmecsiunbix 3HaueHuid TIIO ¢ 1870 mo 2018 rr. ms pailoHOB TPONMUYECKOM 30HBI
Tuxoro okeana — Bbicokas (kodddunmeHTsl koppensuu (r) paBubl oT 0,7 1o 0,95) u
JUIs. palioHa Temio OacceiiHa B 3amaJHOM Tponmuyecko 4vactu Tuxoro okeaHa —
yaosinetBoputenbHas (r = 0.5-0.7). CpeaHekBagpaTH4eCKUe OTKJIOHEHHS MacCHBOB
HadISST u COBE SST2 ortnHocutenbHo apyr apyra He mnpessimaior 0,4°C: 310
YACTUYHO OOBSICHSAETCS HCIOJIb30BAHUEM TMPU PEKOHCTPYKIMHU JAHHBIX HEKOTOPBIX
aHaJoru4HbIX MeTonoB [Hirahara et al., 2014]. B otiuune OoT TECHOM CBSI3U MEXKIY
HadISST u COBE SST2, ERSSTVS cBsizan ¢ 3TUMH PEKOHCTPYKUUSIMH B MEHbIIIEH
crenienn. CpennexkBanpatuueckue oTkioHeHusi maccuBa ERSSTvS or HadISST wu
COBE SST2 B paiionax Nino3 u Nino4 B cpennem pasusl j10 0,7°C.

ITo pesynpraTam Bepudukanuu MaccuBoB noka3zano, yto B COBE SST2 Obuin
HE3HAUUTETHHO Jyd4llie ycBoeHbl naHHble OyeB mnpoekta TOGA-TAO. CpaBHuBas
aHAIM3UPYEMble MAaCCUBBI CO CITyTHUKOBbIMU JaHHbIMU Terra (MODIS), koTopsie He
yCBaMBaJIuCh HU B OnHOM u3 pekoHcTpykumi, COBE SST2 mnokaszanm HECKOJBKO
JYYIITYH0 BOCIPOU3BOAUMOCTh M3MeHunBocTr anoManuii TTIO 3a nepuon 2001-2018, B
cpaBHeHMHM ¢ Jpyrumu MaccuBamu. OpnHako MaccuB HadISST umeer HanmeHbine
CpPEIHEKBAAPATUYECKUE OTKIOHEHUSI OT CHYTHUKOBBIX naHHbIX Terra (MODIS) u
naHHbIx npoekta NOAA 10 SST v2. Haubonemme 3nadenuss RMSE u HanMeHbIme
KOppensiiuu, ocoOeHHOCTH B objacty Nino 3.4, HaOIOAaIKNCh JJIi MacCHMBa JaHHBIX
ERSSTvS. Takum obpaszom, ormerum, uto MaccuBbl HadISST m COBE SST 6Goinee
MPEAMOYTUTENBHBI JIsI PACUETOB MHIEKCOB N1NO U MPEJUKTOPOB MOJICTH, ONMMCAHHON

HMXKe, YeM MaccuB gaHHbIX ERSSTVS.
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2.2. IIpocTpaHCTBEHHO-BPEMEHHOM AJTrOPUTM MOAOOPAa BXOAHBIX MOAEJbHBIX

MpPeTUKTOPOB

PaccMoTpuM anroputm BeiOOpa BXOoAHBIX curHanoB i moaenu HC. On coctout
U3 JIByX OCHOBHBIX 3TamoOB: NpPEABApUTEIbHAS MOJATOTOBKA PSAIOB JAHHBIX Ha OCHOBE
IIPOCTPAHCTBEHHO-BPEMEHHOIO aHanm3a oJIen TUAPOMETEOPOIOTUYECKUX
XapaKTEPUCTUK U BHIOOP OTpaHUYEHHOTO KOJMYECTBA MPEAUKTOPOB, UCIOIb3YEMBIX B
monenu. OcCHOBHasi 3ajadya TMEpPBOrO dSTama COCTOMT B (OPMUPOBAHMM MAacCHBa
KJIIMMAaTUYECKUX HHJIEKCOB, MMEIOIIMX OTHOIIEHHWE K MOJEIUPYEMOMY NapameTpy.
3azaya BTOPOro 3Tara 3akiIo4yacTcsi B OTOOpPE OrpaHUYEHHOIO YMcia KIMMaTHUYECKUX
WHJEKCOB, HMEIONIMX HEKOTOPOE€ BPEMEHHOE ONEPEKEHUE II0 OTHOLICHHUID K

IIPOrHOCTUYCCKOMY IIapaMCTpPy.

2.2.1. IIpeaBapuTe/ibHAsI MOATOTOBKA PSJA0B JAHHBIX HA OCHOBE

IMPOCTPAHCTBCHHO-BPEMCHHOI'0 AaHAJIN3A THAPOMETCOPOJIOIrNIECCKHUX nmoJien

HaGopb! kimMaTruecknx MHACKCOB, OTOMpaeMble Ha TIEPBOM ATale, BKIIOYAIOT B
cebs1 KaK HM3BECTHBIE WHACKCHI, KOTOpbIE OBUIM TEpecYUTaHbl HAa OCHOBE aHaJIM3a
JUTEPATYPHBIX UCTOYHUKOB, TaK M IOTIOJIHUTEIHLHO pACCUYNTAHHBIC.

Jis  Hayama  pacCMOTPUM  OOIIEU3BECTHBIC  KIUMATHYECKUE  WHICKCHI,
OTIMCHIBAIOIIINE COCTOSTHUE aTMOC(EPHI U OKeaHa.

Nunexc cerepoatnantudyeckoro kojiebanus (CAK wiu NAO) paccuuThiBaeTcs
KaK pa3HOCTh AaHOMAJUW  TEOMOTEHIMala MEXKIy A30pPCKUM MaKCUMYMOM U
Hcnanackum MUHUMYMOM Ha n3o0apuyeckoit nosepxnoctu 500 rlla [Wallace, Gutzler,
1981; Barnston, Livezey, 1987]. bapuueckas crpykrypa CAK naubosnee ycroitunBa u
HaOroMaeTCs Ha MPOTsKEHUHU Beero roga. U3 padot [Voskresenskaya, Polonsky, 1993;
Hectepos, 2000; Moxos, CwmupnoB, 2006] wusBectHo o BiausHuu OHIOK Ha
CeBepoatimantuueckoe konebanue. Ilpm stom B padote [[lomonckmit m ap., 2004]

oTMeueHa runore3a odpatHoit cesizu CAK-OHIOK.
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Nunexkc Bocrouno-arnantudeckoro konebanust (BAK unum EA) paccuutsiBaercs
KaK pa3HOCTh aHOMAJIMI TIeOoMOTEHIIMada B TPeX LIEHTpax JIeHUcTBHUs aTMocdepbl Hal
Kanapckumu octpoBamu, BemukoOpuranuneit u YepHOMOPCKHMM pPETrHOHOM Ha
n3zobapuueckoit mosepxuoctu 500 rlla [Wallace, Gutzler, 1981]. B pa6orte [Hectepos,
2000; Voskresenskaya et al.,, 2018] ormeueHo B3aumojerictBue Dnb-Hunwo u Jla-
Hunbs ¢ BocTouHOaTIaHTHYECKUM KOJICOaHUEM.

Nunexc CxanpunaBckoro konebanus (CKAHJI, SCAND wumm EU-1), Taxxke
U3BECTHBIN kak  EBpaswmiickoe-1  [Barnston, Livezey,1987], kommiekcHO
pPacCUMTBHIBAETCS HA OCHOBE MOJIEN reonoreHnuana Haj CxkanauHaBueil, MoHronuen u
Bocrounoit Poccueit Ha nzo6apuueckoii noepxuoctu 500 rlla.

Nunexc Ilonspnoro wumu CeBepoaszuarckoro kosedanus (IIK - POL)
BBIYHCIIAETCS KaK pa3HOCTh MOJIA TeONOTeHIMaNa Ha n300apuyeckoi mosepxHoctu 500
rlla mexnay [onsipabsiM pernonom CeBepHoro nonyuapus u LlentpansHoit A3ueil.

3anagHo-tTuxookeanckoe kojiebanue (3TK unmu WP) — ycroitunBoe kosiebaHue,
takke kKak u CAK mnHabmomaemoe Ha TpPOTSHKEHUHM Bcero rojaa. Ero wuHaekc
pPacCUMTHIBAETCS KaK Pa3HOCTh T'€ONOTEHIMaNa Ha u3o0apuyeckoi mosepxHoctu 500
rlla wmexny Kamuartkoit m 3anmagnsiMu cyOTponukamu Tuxoro okeanHa [Wallace,
Gutzler, 1981; Barnston, Livezey, 1987]. U3BectHO 0 B3ammocBs3u 3TK u DHIOK Bo
BpeMs pazBuTHs Jiib-Hunpo wnm Jla-Hunes, Hanpumep n3 [Wang, 1999]

WNunekc konebaHuss MEXTy BOCTOUHON ATIIAHTUKOW M 3amaJHON 9acTeio Poccum
(BA/3P, EA/WR wmu EU-2), takxke uszBecTHoro kak EBpasuiickoe-2 [Barnston,
Livezey, 1987], paccuuthiBaeTcs B 4-X IeHTpax AeicTBus atMocdepsl: Haa EBpomnoii,
Kacnuiickum MopeMm, neHtpom CeepHoil Amepuku u ceBepom Kurtas Ha OCHOBE
reonoTeHImana Ha usodapuueckoit mopepxuoctu 500 rlla.

Nunekc xonebanus mexay Tuxum okeanoM u CeBepHoit Amepukoit (TCA wnmm
PNA) BbluucisieTcsi Kak pa3HOCTh TE€OMOTEHIMaNa n300apuyeckoi moBepxHoctu 500
rlla Han ceBepo-BOCTOUYHBIM pailoHOM Tuxoro okeana (pailon Mexnay o. ['aBaiiu u
MexropbeM CeBepHoil Amepuku), u 3amagoM CeBepHON AMepuKH (palioH MEXITY
AneyTckuMu ocTpoBaMu M toro-BoctounbiMu Intatamu CIIIA) [Barnston, Livezey,

1987].
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[Tepeunciennpie atMochepHbie HHAECKCH CEBEpHOTO MOMyIIapusi CBS3aHBI C
ApPKTHUYECKOU OCIMIUTALIMEH, KOTOpasi, Kak ObLIIO OMKMCAHO PaHee, MOKET HESIBHO BIUSTh
Ha wuHTeHcupukanuio OHIOK, uwem wu o00ocHOBaHO uX uHcHoNb30BaHHe. Bcee
atMocepHble MHAEKCH CeBepHOro mnodymapusi ObUIM MEpecYUTaHbl Ha OCHOBE
JUTEPATYPHBIX UCTOUYHUKOB, a UX 00JIACTH MepecyeTa NpeICTaBlIeHbl Ha puc. 2.6a.

HaGopbl W3BECTHBIX OKEAHMYECKMX WHICKCOB, OTBETCTBEHHBIX 3a OCHOBHBIC
MEXaHU3Mbl B3aUMOJICHCTBUSA CHUCTEMBI OKE€aH-aTMOC(epa, PpacCUUTHIBAIUCH C
HCIIOJIB30BaHUEM PEKOHCTPYUPOBAHHBIX MacCUBOB JaHHBIX 0 TI1O. B ux yucio Bonuum
naAckch coctossHuss DHIOK: Nino 3, Nino 4 u Nino 1+2, mamekc «Atlantic Ninoy,
M3BECTHBIN Kak aHajor uHAekcoB Nino B AtinantuyeckoMm okeane [Vallés-Casanova et
al, 2020], unmookeanckut numnonb [Saji et al, 1999] u THXOOKeaHCKas aeKaaHas
ocimustiius  (TJO) [Maslova et al, 2017]. M3BecTHO, 4YTO BCe MEpPEUHCIICHHBIC
WHJIEKCHI, XapaKTepU3YIOIINEe OCHOBHBIE KIIMMAaTOOOpa3yolue 00J1acTu OKeaHa, UMEIOT
rnoOaneHbie nposBieHusi [Polonsky, Basharin, 2017; Valles-Casanova et al, 2020;
Maslova et al, 2017]. YnomsiHyTble OKEaHUYECKHE MHJEKCHl ObUIM TMEPECUMTaHbl Ha
OCHOBE JINTEPATYPHBIX MUCTOYHUKOB, a UX OOJIACTU Tepecuera MpeACTaBICHbl Ha PHUC.
2.6B (THO mnpencraBineHa Ha puc. 2.6r. cpeau IpYruX PpacCUMTAaHHBIX B paboTe
WHJICKCOB).

OcranbHble KIMMATUYECKUE HWHIEKCHI OBUIM TOJYYEHBI C HCIOJIb30BaHUEM
MPOCTPAHCTBEHHO-BPEMEHHOTO aHaIn3a noJieu TUAPOMETEOPOIOTUYECKUX
xapakTepucTuK. ONUILIEM MOCJIEI0BATEIHLHO ATANbl MPOIEAYPHI ATOTO aHATN3A.

Ha nepBoM »sTame Oblia HM3ydeHa BO3MOXKHAsl CTAaTHUCTHUYECKAas B3aWMOCBSI3hb
MEXIy MOJCIMPYEMbIM TapameTpoM (To ecTh uHaekcamu Nino 3, Nino 4, Nino 3.4) u
1J100aJbHBIMA METEOPOJIOTMYECKUMH (T€ONOTeHITMAal Ha n3o0apuueckux ypoBHsax 500
rlla u 1000 rlla, 3oHanbHAst 1 MEPUIMOHAIIbHAS COCTABIISIONIME CKOPOCTU BETpa Ha
nzobapuueckom ypoBHe 500 rlla) u okeanonmormyeckumu (TIIO) monsmu.
Craructuyeckass CBS3b OICGHMBAJach C TOMOIIBI0 KOA(D(PUIIMEHTOB KOpPpEISILNH,
KOTOPBIE PACCUUTHIBAIUCH B KaXKJIOW Y3JIOBOM TOYKE MOJI OTIAEIBHO JUISl KaXKIO0ro
Mecsina. ['modanbHbie METEOPOJOTHUECKHUE U OKEAHOJIOTHYECKHE TIO0JISI CPAaBHUBAIIUCH C

MPOTHO3UPYEMBIMU MHIEKCaMU Nino ¢ BpeMEHHBIM cIBUTOM OT 1 Mec. 1o 2 neT. Takum
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oOpa3zoM, Mbl moxyuuiau 288 Tmoyed KOPPEISIHOHHBIX OLIGHOK I KaKIOro
THAPOMETEOPOJIOrMUECKOro nmapaMerpa. B ciyyae Hanuuus 3Ha4UMOro Koddduimenra
Koppessinuu (ipu aiuHe psiaa, paHoit 70, u o = 0.01 xoaddunmenT koppensauu, r =
0.195) B y3/10BOM TOUKEe peaHaIM3a MPOU3BOAWIOCH cyMMmHupoBaHue. Ha puc. 2.5
NPUBEIACHBl TOJII TOBTOPSAEMOCTH 3HAYUMBIX KOI(P(GUIMEHTOB KOPPENSUU st
YeThIpeX 6-MeCSUHBIX MEepUo0B 3abaaroBpeMeHnocTu: 1-6, 7-12, 13-18 mecsues u 19-

24 mecsna.
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Pucynox 2.5 — IloBTOpsieMOCTh 3HAYUMBIX KOI(DPUITUEHTOB KOPPETAIUU, 0000IIICHHAS

Ha KapTocxemax ¢ onepexeHnrem armocdepsl Ha (a) — 1-6 mec.;

(6) — 7-12 mec.; (B) — 13-18 mec.; (r) — 19-24 mec.

Ha cnenyromemM sTane 3KCHEPTHBIM MyTEM (TO €CTh ¢ YYaCTHEM CIEHHAINCTA)
OTIPEIEISUTUCH TPSMOYTOJIBHBIC ITUPOTHO-IONITOTHBIE 00JIACTH, B KOTOPBIX 3HAYNMBIE

KO3(PhULIMEHTBl KOpPpESLMY TOBTOPSUIUCH dallle WIM HUMeeTcs (pakT HaIudus



73

CPaBHUTEIBHO BBICOKOTO Kod(hduimenta koppemsauu (6ombme 0.45), KoTOpbIi
MOBTOPSUICS XOTs OBl 3 pasa.

Ha 3akigrountensHOM JTame TPOBOAMICS aHAIU3  MPEANOJIOKUTEIbHON
B3aMMOCBS3M COCEIHUX oOnacTed (TOJNBKO JUIs TIONIeH TeoloTeHIHana), |
PacCCUMTHIBAINCh KIMMAaTHYEeCKHEe WHIACKCH. Ecmu o0jact OTpUIIaTeIhbHOW U
MOJIOKUTEIBHON KOPPEJSIIIMA  pacrojarajuch B HEMOCPEICTBEHHOW OiM30CcTH, a
W3MCHEHHE 3HaKa KOPPENSIMU JJII HECKOJbKHMX IIaroB BPEMEHHOTO CIBUTA
MPOUCXOJWIIO CHHXPOHHO, TO TaKue O0O0JIacTh OOBEAWHSIINCH B OJWH HWHIEKC,
NPEACTABISIIONINI cOO0M pPa3HOCTh CPEIHUX 3HAYEHUH B 3THX obmacTsax. B cmydae
HECKOJIbKMX CBSI3aHHBIX oO0OJylacTeli B 3aBUCHUMOCTH OT HMX KOJIMYECTBA HHJEKC

PacCUUTHIBAJICS KaK pa3HOCTh 1o dhopmyiie (2.1):

X = H, — H,
X= H1_2H2+H3 , (21)
X= Hl_H2+H3_H4

rae H — ocpeHEHHOE 3HAaY€HUE T€ONOTEHIIMaIbHON BBICOTHI B HEKOTOPOM obnacTu, X —
Pa3HOCTb HECKOJIBKUX 00JIacTeN.

Takoe oObeauHeHHE oOJIacTe TOMOTaeT H30aBUTHCA OT JAyOIUPYIOIIUXCS
MIPEAUKTOPOB, YTO B IEPCIICKTUBE YIYUIITUT KAYECTBO MOJICTUPOBAHMUS.

O6benunenHbie 06sacTu (X) U «0OIMHOYHBIC» 00JACTH, KOTOPBIE HE HYKIAJIUCh B
oObeuHEHNH, OBUTH TepeCYUTaHbl B HOPMHPOBAHHBIC KIMMATHYCCKHE HHACKCHI I10

bopmyne (2.2):

Index; ,, = X“Z;Xm (2.2)

rie X u o — CcpelHee W CTaHAapTHOE OTKJIOHeHuWe 3a mnepuoa 1981-2010 rr.,
pacCuMTaHHbIC U1 Ka)XKJIO0ro Mecslla OTAENbHO, [ U m — roa M Mecsu. B cmydae
«OJIMHOYHOMY» obslacTh X TMpeACTaBsul cOoOOM OCpPETHEHHBIM psii 3HAUYCHHM B
HEKOTOpPO# 00JacTH.

B pesynbrare Obui0 ompeneneHo Oosnee 100 permoHoB, Ha OCHOBE KOTOPBIX
nonydyeHo 58 uWHAEKCOB: 34 g MOJEIMPOBAHUS BBICOKOYACTOTHOM U 24 s

MOACIUPOBAHUA HHU3KOYaCTOTHOM COCTaBJIAIOINX (O ACKOMIIO3UIIUU MOJCIIUPYCMBIX
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psAnoB OymeT W3J0KEeHO HmkKe, B. maparpad 3.6). O000mMM TOJyYCHHBIC TPYIIITHI

HHIACKCOB.
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Pucynok 2.6 — OGnactu, UCHOIB3yeMble AT pacueTa aTMOC(HEPHBIX U OKEAHNIECKHIX
uHJeKkcoB. O01aCTH T€ONOTEHIIMAILHON BHICOTHI HA M300apuieckoi mosepxHoctu 500
rlla ormMeueHs! kak 1 1 2; 001aCTH TEOMOTECHIINATBLHON BHICOTHI HA H300apHUYECKOM
noBepxHocTu 1000 rIla oTMedeHsl kKak 3; 001aCTH MEPUIUOHATIBHON U 30HAILHOU
COCTaBIIIONIUX BEKTOpa BeTpa Ha n3o0apuieckoi moBepxHoctu 500 rlla ormeueHbl
Kak 4 u 5, coorBercTBeHHO; 00actu TTIO oTMedensl kak 6; oomactu TTIO,
PACCUUTAHHOU C MPUMEHEHUEM 9-TIETHETO CPEIHETO CKOJIB3SIIEIO CTaXKuBaHUs,

OTMEYEHBI KaK 7

Ha puc. 2.6a, 2.66 (mutpuxoBka "1" u "2") u 2.68 (mrpuxoBka "3") npencraBicHbI
oOnactu moJeit reonoTeHnuana Ha nzodapuueckoit nosepxuoctu 500 rlla u 1000 rlla,
MOJyYeHHbIE KaK C MCIOJb30BAHUEM JINTEPATypHBIX UCTOYHHKOB, TaK M BHIOpAHHBIC B

paboTe Ha OCHOBE aHaJN3a CTATUCTUYECKON CBSI3H.
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Ha puc. 2.58 (mtpuxoBku “4” u “5”) mpexacraBneHsl 00gacTH, BbIOpaHHbIE Ha
OCHOBE IOJIE MEPUIMOHAJIBHON U 30HAJIBHON KOMIIOHEHT CKOpPOCTH BeTpa. IIpu 3ToM
MEpUIMOHANIbHAS KOMIIOHEHTA B3sTa M0 MOAYJI0. PaccunTanHblii Ha OCHOBE oOsacTeit
B BBICOKHUX IIUPOTAX MHJEKC MOXKET XapaKTEepU30BaTh TUI aTMOCHEPHOU MUPKYIISIIUU:
MOJIOKUTENIbHBIC 3HAUCHUSI UHJIEKCA OYyT COOTBETCTBOBATH MEPUAMOHAILHOMY THITY,
a OTPULATENbHBIE — 30HATIBHOMY.

[ITpuxoBKoOi “6” Ha pucC. 2.5B MPEACTABICHBI 00JIACTH PACTIONOKEHUS HHACKCOB,
noy4yeHHbIX 1o aHoMmanusM TITO.

JUist MozmenupoBaHUS HHU3KOYAaCTOTHOM COCTABJISIONIEH B KauyeCTBE BXOJHBIX
JAHHBIX MCMOJB30BAMCh TOJbkO mons TIIO, cruaxkenneie 9-ieTHUM (GUIBTPOM
OTZENIbHO ISl Kakaoro mecsua. Beinenennsie obnactu TIIO mpencraBieHsl Ha puc.

2.5t (TpuxoBka “77).

2.2.2. AuropurM BbI0Opa OrPaHUYECHHOI0 KOJIMYECTBA MPEIMKTOPOB

PaccmoTtpum 3tan ot60pa npeaukTopoB Moaenu. [IockonpKy yBennueHne 4ucia
BXOJIHBIX IIApAMETPOB CYLIECTBEHHO BJIMUSAET HA CKOPOCTb BBIYMCICHHMS, IS
MOJICJIMPOBAHUS  BBICOKOYACTOTHOM M  HU3KOUYACTOTHOM  COCTABISIOMIMX  OBbLIO
MCIIOJIb30BaHO OTPAHUYEHHOE YUCIIO MPEAUKTOPOB, paBHOE 18 m 10, cOOTBETCTBEHHO.
[TpenukTopsl BHIOMpPATUCh U3 MOJYYEHHBIX Ha MPEAbLAYIIEM 3Tane KIMMaTHYeCKUX
uHaekcoB. CraTucTUyeckas CBsI3b OLICHMBAJIACh C MCIOJb30BaHUEM KO3 ULIMEHTa
KOppessiiui. BekTtop mpenukTopoB OTOMpalncs [ KaXIOro Mecsia OTAEIbHO C
Y4€TOM 3a/IaHHOTO MOJIENbIO MOpora 3a0J1arOBpeEMEHHOCTH.

OnuuieM anropuT™ BeIOOpa MPeAUKTOPOB. JJis KaKaoro Mecsia MOAeIUpyeMOi
Benu4MHBl (TO ecTh uHAEKCOB Nino) 3a mepuox 1950-2006 rr. ObUIM OIICHEHBI
KOA(PUIUEHTHl KOPPENIALUUA C KIMMAaTUYECKUMHU HHIEKCAMU C YYETOM 3a/laHHOTO
MOJIENIbIO TIpefena 3abjlaroBpeMeHHOCTH. BpeMeHHON CABUT MHJIEKCOB BapbHpPOBAJICS
or 1 mecsua no 2 ner mu go 10 jmer ans BBICOKOYACTOTHOW M HU3KOYACTOTHOM
KOMITOHEHThI, COOTBETCTBEHHO. K mpumepy, uisi MOJETUPOBAHMS BBICOKOYACTOTHOM

cocrapisttoneit maaexca Nino 3.4 ¢ 3a01aroBpeMeHHOCThIO TTPOTHO3a 12 MecseB ObLTu
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paccuntanbsl 408 ko3 duineHToB Koppemsuuu (coueraHue 34 KIMMAaTHUYECKHUX
WHJIEKCOB U 12 BpEMEHHBIX CMEIICHUH).

Bce mosrydeHHbIE OLEHKH CTATHCTHYECKOW CBSI3M PaHKUPOBAINCH HA OCHOBE
koadurmenTa koppensauuu. s Kaxa0ro KIMMaTHYecKoro UHaAeKca Obll YCTaHOBJIEH
MOpOT, OTPAaHUYMUBAIONIUN BO3MOKHOCTh BHIOOpA MHJAEKCA 0 ABYX (0 OJHOrO) pa3 B
Clly4ae BBICOKOYACTOTHOW (HU3KOYACTOTHOM) KOMIOHEHTHI. [I0CKONIBbKY MOIeTupyeMble
uHJEKChl NInO HMMEIOT HEKOTOPYI0 aBTOKOPPEJSAIHUIO, CBSI3aHHYIO C OCOOCHHOCTSIMU
uHTeHCHpUKauu 1 3Bosronuu ¢paz DHIOK, mist kaxx1oro KImMaTuueckoro HHAEeKca BO
BHUMAaHHE NPUHUMAJICS TOJBKO KOAXPDUIMEHT KOPpEeNslUuU, MPEACTaBISIOMNN
JOKaJIbHBIM MAKCUMYM/MUHUMYM.

B wrore Owuio otoOpano 18 (10) psgoB KIMMATHYECKUX HHJEKCOB,
NOJIYYMBUIME HAUBBICIIYIO OLEHKY CTATUCTUYECKOM CBSA3H, KOTOPBIE HCIIOJIb30BAIUCH
Ha CJIEYIOLIEM dTale MOJEIUPOBAHUS.

TakuMm 00pa3oM, B paboTe MPEAJIOKEH AITOPUTM MPOCTPAHCTBEHHO-BPEMEHHOM
NOJIFOTOBKU JAHHBIX. AJITOPUTM aHAIMU3UPYET IriIo0anbHbIE MOJs TIeONOTeHLIMaNa U
KOMITIOHEHT BeTpa Ha n3ob0apuyeckod noepxHoctd 500 rlla m 1000 rlla u TIIO. B
pe3ynbTaTe paboThl aJropuTMa BbIOPAHO OTPAHUYEHHOE YHUCIIO MPEAUKTOPOB, Aaliee

VCIOJIB3YEMBIX B HEUPOCETEBOM MOJICIIH.

BriBoanl k I'1aBe 2

Jlns obecrieueHUs] JOCTOBEPHOCTH PE3YJNbTATOB KIUMATHUECKHX PAcueTOB H
MOJIEJIMPOBAHUS, NPOBOJAMMBIX B JHUCCEPTALIMOHHOW  paboTe BbIOpaHbl MaCCHUBBI
THJIPOMETEOPOJIOTUYECKUX JaHHBIX U TPOBEJIEHA MpoBepka MX KaudecTBa. [lokazaHo,
YTO BbIOpaHHbBIE PAJBI JAHHBIX 00J1aAat0T HEOOXOIMMBIMU CBOMCTBAMH ISl YCHEIIHOMN
paboThl MOJAENU: AOCTATOYHAs MPOAOKUTEIBHOCTh, OJHOPOJHOCTH M OIEPATHUBHOE
OOHOBJICHHE aKTyaJbHBIX JaHHBIX. B uTore, nokaszano ciemgyoiiee.

1. Ananu3 kadyecTBa MacCHMBOB I'e€ONOTEHIAIa HA M300apHUECKOil MOBEPXHOCTH
500 rlla peananuzoB NCEP/NCAR, ERA-Interim u 20CR mnokazan, 4to peaHanu3

NCEP/NCAR mnpuronen st pacueta HHACKCOB aTMOC(HEPHON ITUPKYIISIITUH.
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2. Pesynbratel Bepudukanuu maccuBoB TIIO nokazanu, uro maccuBel HadISST
nu COBE SST npenmoytuTenbHbl JJI1 pacdyeToB HMHAEKCOB Nino U JApyrux
OKEaHWYECKUX HHJEKCOB, HCIIOJIb3yEMbIX B KauyeCTBE MPEAMKTOPOB HENUPOCETEBOM
MOJENH.

3. [IlpemnoxeHHwlii B paboTe aNrOpuTM MNPOCTPAHCTBEHHO-BPEMEHHOU
NOJATOTOBKM JIAHHBIX AHAJIM3HPYET IJIOOANbHBIE MOJIA TE€ONOTEHIMada, KOMIIOHEHT
Berpa U TIIO u oGecneynBaeT BHIOOP OTPAHUYEHHOTO YHMCIa HauOoJiee MOAXOMASIINX
IIPEAUKTOPOB, UCIIOIB3YEMBIX JAaJIee HEUPOCETEBOU MOJIEIIN.

PesynbraTel ['naBbl 2 omyOJIMKOBaHbI B IIECTH HAYYHO-HUCCIEAOBATEIIbCKUX
KypHajlaX, 4YeThIpe U3 KOTOPBIX BXOJAT B 0a3bl gaHHbIx Web of Science u SCOPUS
[JTyxoB, 2017; JIyokos, 2022; MapuykoBa u ap., 2020; Lubkov, Voskresenskaya, et al.,
2024] m nBa B PUHI[ [JlyOokoB, 2021; JlykoB, 2023]. Ha ocHoOBe anroputrma
ACCUMUWJISIIIUU JAHHBIX OBLJIO MOJYYEHO CBHUJIETEIBCTBO PE3yJibTaTa MHTEIUICKTYabHON
nestenpHocTH No 2021668360 [CBunerensctBo 2021668360, 2021]. PesynbTaThl 310U
['maBpl OBLTM M3JOKEHBI Ha 7 MEXKIYHAPOJHBIX M BCEPOCCUUCKUX HAY4YHO-
UCCJIEI0BATENbCKUX U HAYYHO-ITPAKTUYECKUX KOH(EPEHIUSAX.
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I'JIABA 3. HEUPOCETEBASI TIPOTHOCTUYECKAS MOJEJIb

B mnpensigynieil rmaBe ObliM BbIOpaHbl MAacCUBBI JIAHHBIX W IOATOTOBJIEH
QITOPUTM OTOOpa BXOAHBIX B MOJENb NPEIUKTOPOB. B NaHHON TIylaBe mpeacTaBiieHa
mozenb Ha ocHoBe MHC. JIns noareepxkaeHust 6a3zoBbix cBoiictB HC n tectupoBaHus
BBIUHCIIUTENBLHOrO OJ0Ka MOJENIN ObLIO BBINOJIHEHO UMUTALIMOHHOE MOJEIUPOBAHUE C

HCIIOJIb30BAHUCM UCKYCCTBCHHBIX PSAOB.

3.1. MHOTroOC/JI0MHBINI MEePCenTPoOH

AHalIU3 YCIIEXOB COBPEMEHHBIX HEUPOCETEBBIX MOJENEH W CUCTEM IPOTHO3a
OHIOK nmnoxkaszan XOpomyr0 IEpPCIEKTUBY HMX Pa3BUTHI UL JOJITOCPOYHOTO
MIPOTHO3UPOBAHUS PA3JIMYHBIX METEOPOJIOTMYECKUX XapaKTEPUCTHK.

Kak Obu10 OTMEYEHO paHee, UCIOIb30BaHUE ATOPUTMA TIIyOOKOro 00y4YeHUs |
CBSI3aHHBIX C HUM HEUPOHHBIX ceTel TpeOYyIOT BeCchbMa JUIMHHO psJa JAHHBIX IS
oOydeHus (ThICSYM U JECATKU ThICSY ImaroB oOydeHus). [Ipu 3TOM ucnosib3oBaHUE
JIAHHBIX KJIMMATUYECKUX MOJEJIe BMECTO JEUCTBUTEIBHBIX JaHHBIX HAOJIOICHUI
BBI3BIBACT OIMACEHUE, CBS3AHHBIC C JOCTMKEHUEM HEKOTOPOTO Ipejesia TOYHOCTU. B To
e BpeMsl, CTATUCTHUYECKH OOECIICUCHHbIE U HAJICKHBIE PsAbl HAOMIOIEHUN TOCTYITHBI
JUIIb CO BTOPOW MOJOBUHBI XX crojieTus. P TakoW AJMHBI BBOJUT HEKOTOPHIE
OTpaHUYCHHS 10 TPUMEHEHUIO OOJBIIMHCTBA COBPEMEHHBIX CETe TIIyOOKOTO
oOydeHHs, B CBSI3U C 4eM, B paboTe mpejiaraercs pa3padoTaTh MHOTOYPOBHEBYIO
CUCTEMY MOJIEIMPOBAHUS Ha OCHOBE 0o0Jiee MPOCTON CTPYKTYpPhl CETH, a UMEHHO —
MHOTOCJIOMHOTO MEPCENTPOHA.

MHOrOCOWHBIA ~ TEPCEeNTPOH  MPEACTAaBIsICT CcOOO0M  OJHOHAIPABICHHYIO
reTepoacconuaTuBHyio MHorocioinyto HC ¢ omauMm ckpbeiThiM cioem [Rosenblatt,
1962; Hecht-Nielsen, 1991; Haykin, 1994]. Ilepemaua curnama B Takux HC
OCYILECTBIISIETCS TOJILKO B OJHOM HaIpaBJI€HUM OT BXOoja K BbIxoay. OOydeHue Takou
HC 00b19HO MPOUCXOAUT C YUUTETIEM METOJIOM OOPATHOTO PACIPOCTPAHEHUS ONTHOKH.

PesynpraT 00yuenuss HC MoxkeT ObITh BBIpAKEH B BUAE CTPOroil (PYHKIIMOHAILHOMN
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3aBUCUMOCTH. 3@ CUET NPO3PavyHOCTH MATEMATHYECKOrO ajJrOpUTMa MHOTOCIOWHOTO
IIEPCENTPOHA y MCCIENOBATENsl €CTh BO3MOXHOCTb PACCMOTPETh  PA3IUMYHBIC
KOMOHMHAIIMKA TPEIUKTOPOB U TOJYyYUTh YETKOE MPEICTaBICHHE O TOM, KaKHe W3
UCIIOJIB3YyEMBIX IIPEIUKTOPOB IPUBENH K YCIIEIIHOMY ITPOTHO3Y.

Cxema anroputma pabotsl ucrnosibzyemoit HC npousutroctpupoBana Ha puc. 3.1.
ANTOPUTM AENINTCA Ha HECKOJIBKO MOCJIEI0BATEIbHBIX IIAr0B.

1. O6paboTka BXOAHOTO cuTHajIa GyHKITUEH aKTUBAIINH.

2. Pacuer akTMBHOCTM HEHUPOHOB CKpbIMO20 CHOS IyTEM CYMMHUPOBAHUS
BXOJIHBIX CHUTHAJIOB, MOCTYMAIOIIUX OT HEHPOHOB 6X00HO20 CJOSA, YMHOXXCHHBIX Ha
TEKYLIUE BECa CBA3EH MEXAY dTUMU CIIOSIMHU U MTOCIEAYIOIAs UX AKTUBALIMSL.

3. PacueTr akTHBHOCTH HEHWPOHOB 6bIXOOHO20 CIOSI MYTEM CYMMHUPOBAHUS
CUTHAJIOB HEUPOHOB CKpbIMO20 CIIOSl, YMHOXXEHHBIX Ha TEKyIIUME Beca CBI3EeH U
NOCJIEIYOIIAasl UX AKTUBALIHSL.

4. JeaktuBanms curHana. Ha 3ToM mare mojgy4eHHbIE 3HAYEHUS MPOXOIUT
yepe3 (QYHKIMIO, OOpaTHY!O (PYHKIHMHM aKTUBAallMM W CPAaBHUBAIOTCA C OOy4aroluM
BekTOpoM. B pesynbrare dopmupyercs neneBas (QpyHKUUsA, KOTOpas W (opmupyer
VU3MEHEHHE BECOB CBA3EH.

5. dopmHupoBaHUE BEKTOpa OLIMOKU BECOB ISl CKPBITOTO CJIOSI HA OCHOBE
CPAaBHEHUSl BBIXOJHBIX CHUTHAJIIOB CKPBITOTO CJOSI M BXOJHBIX BBIXOJHOTO CJOS M

COOTBETCTBEHHO U3MEHEHHME BECOB CBS3CH MCIKAY BXOAHBIM U CKPBITBIM CJIOCM.

3.1.1 Iloxdop napameTpoB o0y4eHnus 1js ucnoandyemon HC

Jns Hadama ciueayer oOnpeaenauTh crapToBble mapamerpel moaenu HC.
OCHOBHBIMH PETYJIUPYEMBIMH dJIEMEHTaMU BbIOpanHOU KoHpurypannu HC sBistoTCs:
CTapTOBBIE Beca CBSI3W MEXIy HEUPOHAMHU Pa3HBIX CJOEB, MOJApU3amus, (QYHKIIHS
aKTUBAIIMM HEUPOHOB U KOAP(HULIUEHT 00yUYEHUSI.

Enunnuneiit curnan nosspusanuu [OcoBckuit, 2002] B 1aHHOM HCCIIEIOBAaHUU

OTCYTCTBYET.
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>
O0paboTka BXOIHEIX JaHHEIX PacueT akTHBHOCTH P
o . . aCueT aKTHBHOCTH
dyHKIHEH AKTHBALIHH: HEHPOHOB CKPBITOTO .
fix)=tanh(Px) HEMPOHOB BBIXOIHOIO CII0A
o e CI104
BxoaHoM
curHan 1
. JNemeHT
BxozHoM BoixoaHou obyyatoueit
cvrHan 2 CUrHan BbIGOPKM
M
o _ 2
BxoaHoi E= Z (yk(t) - dk(t))
curHan N k=1
<
OOGHOBIEHHA BECOB: PacueT BekTOpa [Ipeodpa3zoBaHne CUrHATA B HCXOIHBIIT
] ) ) OIIHOKH BECOB 1714 Bu. QOpMHPOBaHHE BEKTOPA OLIHOKH
W(t+1)=W(t) — r*E CKPBITOTO CI104 BECOB.

Pucynox 3.1 — Kpatkas cxema o0yueHust HeiipoHHO# ceTi. W — Beca aKTUBHOCTH
HEHPOHOB (Ha CXeMe Takke 0003HAYEHbI JUHUSAMU MEX]y HEUpOHaMH), t — BpEMEHHOU
miar, r — ko3QuuueHT ckopoctu ooyuenus, E — meneBas GyHKIMS, y, — MHOXKECTBO
BBIXOJIHBIX CUTHAJIOB, dy — MHOXECTBO 2JIEMEHTOB oOydaromield BeIOOpku. N — oO1iee
KOJIMYECTBO HEMPOHOB BO BXOJAHOM ciioe, K — o011iee KoJTM4ecTBO HEMPOHOB B CKPHITOM

cioe, k — Homep HelpoHa CKPBITOTO cJios (B cirydae BhIxogHoro k = 1)

Bce neitponsl HC npeacTaBiensl curmonanbHoi ounossipHoit pynkuueit: f(x) =
tanh(Bx) ot -1 mo 1. Takoe mpexacTaBieHue ya0OHO C TOYKH 3PEHHUS BXOJHBIX PSIOB
JIAHHBIX, MPEJCTABIISIIONIMX U3 CeOsl KIMMaTUYeCKUE aHOMaJIMM, HOPMHUPOBAHHBIE Ha
CKO.

CrapToBble Beca cBs3u npupaBHeHbl K (0.25. OmpeneneHue CTapTOBBIX BECOB
MPAKTUYECKU HE BIUSAIOT HA CKOPOCTh OOYyUEHUSI, OJTHAKO JIJII KOPPEKTHOTO CPpaBHEHUS
pa3nbix koHCTpykiuid HC, koToppie OyayT ymOMSHYTHI HIKE, YIOOHO HCIOIh30BaTh

MOCTOSIHHBIE CTAPTOBbIE KOA(D(PUIIMEHTHI BECOB.
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Kosddumuent oOyuenus omnpenensier ckopocTh oOyuenus HC, a Ttaxxke
paspeniaeT AeTaiu3aluio MakcuMmyma ooydenus. [Ipu manom koaddunmrente odyueHue
MOXKET CYIIECTBEHHO 3aMEJUIMTHhCS, OCOOCHHO B TOYKAX JIOKAJbHBIX MHUHHUMYMOB
neneBol ¢ynkuuu. B oOpatHOM ke ciiydae, ria00albHbII MHUHUMYM MOYET
“HIpoBaUTHCA” MOJI AT U OCTAaHETCs MPOCTO He3aMedeHHbIM. CyIlecTByeT MHOKECTBO
pa3IMYHBIX METOJOB MOAOOpa ONTUMANLHOTO Kod(hdunrenta odyuenus, r [OcoBCKuHid,
2002]. BenuuuHa r, Kak mpasesio, moa0upaeTcs sl KaKI0ro cjios oTaelbHo. B padote
[Klimauskas, 1992] npuBeneno cneayromee orpannuenue: r <1/N, rae N — KOJTU4eCTBO
BXOJIOB i1 HEWpoHa 1-oro cjosi. Takxke r MOXeT ObITh JUHAMHYECKUM, TO €CTh
u3MeHsaTecss B 1mporecce  odydenuss HC [Demuth, Beale, 1992]. B nmannom
UCCIICIOBAaHUM MBI MpUMEHUM oTHoiueHue r=1/N, To ecthb i kaxiaod HC Oyayt
3aJIeCTBOBAaHBl MHUHUMYM 2 KO3 (MUIIMEHTa CKOPOCTH OOYYEHHs, JJISi CKPBITOTO M
BbIxoaHOTO ciosa HC.

Kak wu3BectHo, HC 00bdHO o0Oy4aroTCSi Ha BBICOKO CTAaTHCTHYECKH
obecnieueHHbIXx gaHHbIX [Haykin, 1994; OcoBckuii, 2002], psasl KOTOPBIX
npeAcTaBisaioT BeIOOpKY mopsiaka 10000 3HadeHuil. Y4uThIBas CpeIHEMECSYHBIN
MacmTab TIOCTaBICHHOW 3aJaud, JOCTHYh TAaKOrO KOJIMYECTBAa 3HAYCHUN HE
MPEICTABIISIETCSI BOBMOXHBIM B CHUJTy KOPOTKOTO psjia KIMMATHUYECKUX HAOIIOICHUM,
coctaBisironux ot 40 10 120 cpenHemMecsuHbIX 3HaUYCHHUM B pa3HbIX 0azax JaHHBIX. B
TaKMX CIydasx MOXKHO UCIIOJIb30BaTh JBa TOJX0Ja K OOYYEHHIO: YBEIUYEHUE
ko3 durmenta ckopoctu o0yuyeHus B 10-100 pa3 wnm yBenaudeHwe oOywyarouien
BHIOOpDKM TMyTE€M TMOBTOPHOTO €€ HCMOoJib3oBaHUs. [lOCKOIBKY  yBeJIUUYCHHE
kodddurmenta oOyueHus Ha 2 TMOpsSAKAa MPUBEIET K OYEHb TIpPyOOMY TMOUCKY
JIOKaJIbHOTO MUHUMYMa 1iesieBor pyHkuuu muHumuzanuu [Haykin, 1994; Klimauskas,
1992], B paboTe WHCHOJB30BAIACH UTEpAIMM OOY4YEHUS HEKOTOPOH KOPOTKOM
oOyuatomieii BbIOOpKH. CTOMUT OTMETUTh, YTO TakOM TMOAXOJ K OOy4YeHHIO
MHOT'OCJIOWHOTO TIEPCENTPOHA BIIOJIHE YMECTEH M W3BECTHA IMpaKTHKAa TaKoro
npuMenenus [OcoBckuid, 2002].

B xone 06yuenuss HC Ha kaxaoMm 1are urepaiuii OolleHUBAINCH CPEAHSS OLTNOKa

1 KO3(PPUIIMEHTHI KOPPEISAIUA MEXIY TaHHBIMU HAOIIOJEHUN W TIPOIYKTOM MOJCIIH.
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[Tocne 3aBepiieHHs LUKIA ONpeAesuics MakcuMyM oOydeHus moxenu. IlogpoOHoe
OINKCaHUE ANTOPUTMA €ro OolpeaeneHus npueaeHo Hwke. [lapamerpsl 06yuenHoit HC
COXpaHsUIMCh B Jor-gain. MHTynTHBHas OJIOK-CX€Ma HCIOJIb30BAaHUS WTEpaluil M

MOMCKa MaKCUMyMa 00y4deHHUsl MPOMILTIOCTPUpOBaHa Ha puc. 3.2.

I(;Iaqaﬂo CuwnThIBaHHE / ITpucoenue
0 };I;HI/ISI BXOJHBIX / CTapTOBBIX 3HAYCHUIL

Nrepannn Onpenenenne
oOyuaronieit a0COJIFOTHOM OIIUOKHU 1
BBEIOODKU JIMHENHBIX

K03(-TOB KOppEIAIUU

Jlocturnyr
MaKCUMyM
UTEpalun

Makcumym
UTEpaLni HE
JOCTUTHYT

Breruncienus

y

ITouck CoxpaneHne
uTepalnu, Ha ImapaMeTpoB
KOTOPOM OBLT ooyuennoit HC

Pucynok 3.2 — Cxema ucnosib30BaHus utepauuii B npouecce ooyuenuss HC

3.1.2 AuroputM 00pPaTHOr0 PaclpoOCTPAHEHUS OLIMOKH

Anroputm o0OpaTHOTO pacrpocTpaHeHus OIIUOKH, CXEMaTUYECKHU
MPOWJUIIOCTPUPOBaHHBI Ha puc. 3.1, omnpenenser CTpaTeruio Moadopa BeECOB
MHOT'OCJIOWHOW CETH C TPUMEHEHUEM TPaJUEHTHBIX METOA0B onTUMHU3auu [OCOBCKUM,
2002]. B Hacrosee BpeMsi OH CUMTaeTcss OAHUM U3 Haubosiee 3PQPEeKTUBHBIX
QITOPUTMOB OOYYEHUSI MHOTOCJIOMHOIO MepcenTpoHa. B ocHoBe 3TOro anropurma
JSXKUT 1eneBas QyHkius, popMynupyemMasi B BUJIE KBaJAPATUIHOW CyMMBI pa3sHOCTEH

MCXKOY q)aKTI/I‘IeCKI/IMI/I Hn OXKHUAAa€CMbIMH 3HAYCHUSIMU BBIXOAHBIX CHI'HAJIOB. B ciIy4dac
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eAMHUYHON 00y4Jaroreil BRIOOPKH (X, d) nieneBast QyHKITUS OTIPEEseTCs B BUIE

EW) =22k — di)? (3.1)
T/ Yx — pe3yabTaT MoaenupoBanus, d, — moaenupyemsbrii mapametp, k (k=1,2 ... K) —
HOMEp BXOJSIIEro B HeHpoH curHaia, K — o0Iiee KOJIU4ecTBO HEUPOHOB B CKPHITOM
cloe.

YTOYHEHHE BECOB MOXKET TMPOBOJMUTHCS TIOCIE TPEABSBICHHUS KaKIOU
oOyuaromeii BBIOOpPKM JHMOO OJHOKPAaTHO TIOCTE TIPEIBSIBICHHUS BCEX BBIOOPOK,
COCTABJSIIONINX ITMKI OO0ydeHus. B HameM WCCIeToOBaHWM WCTONB3YETCS IIeeBast
bynkuuss Buzma (3.1), KoTOopas COOTBETCTBYET aKTyalM3alldd BECOB TIOCTE
MPEABIABICHUS KaXI0U BHIOOPKH.

Knaccuueckn menb 0OydeHHsS COCTOMT B TaKOM OMPENCICHUU 3HAYCHWU BECOB
HEHPOHOB KaXXOTO CJIOS CETH, YTOOBI MPU 3aJaHHOM BXOJHOM BEKTOPE MOJIYYUTHh Ha
BBIXO/IE 3HAYCHUS CUTHAJIOB Y, COBIAAIONTHE C TPEOYEMOH TOYHOCTHIO C 0JKH1aeMBIMHU
3HAYCHUAMH d.

OOyueHre CeTH C HCIOJIb30BAaHUEM aJIrOpUTMa OOpPATHOTO PaCHPOCTPAHEHUS
OIMMOKKA TPOBOAMWTCS B HECKOJbKO JTamoB. Ha mepBOM W3 HHUX TPETbSIBISICTCS
oOy4aroriasi BRIOOpPKAa X # PAaCCUUTHIBAIOTCS 3HAYECHHS] CHUTHAJIOB COOTBETCTBYIOIIHUX
HelpoHOB ceTu. [Ipu 3a1aHHOM BXOJHOM BEKTOPE X OTPEICAIOTCS BHAYae 3HAYCHUS
HEMPOHOB BBIXOJHBIX CHUTHAJIOB Vj CKPBITOTO CIIOS, a 3aT€M 3HA4eHHs Y; HEHPOHOB

BBIXOJHOI'O CJI04. Pacqu Vj N y; OCYIICCTBJLACTCA 110 CIICAYIOIIUM (bOpMyJIaM.
S 1
Vj :f Zwi;)xi 5 (33)
=
)]

rIe W; ~— BEca CKPBITOIO CJIOS, X; — CHI'Hajbl HEHMPOHOB BXOIHOIO CIIOf, 1
=1,2,...,N. Ilpudem 3HaueHUs V() U X MOTYT OBITh paBHBI Kak 1, Tak U 0, B 3aBUCUMOCTH
OT BBIOPaHHOW MOJSAPHU3AIMK HEUPOHHOU ceTh. B HameM uccrneoBaHUU TOJIIPU3AIIHS
HyJIeBasl.

B BbIXOgHOM cioe i-ThIi HEWpPOH PACCUMUTHIBAET BBIXOJHOM CHUTHAJ,

OIpPEICIIIEMbIN KaK
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K K N
. :f[zw,&,?>v,}=f Sl 1| S, (3.4)
i=0 i

i=o =0
rie wi>) — Beca BEIXOIHOTO CIIOS.

[locne momy4yeHUs 3HAYEHUH BBIXOJHBIX CHUTHAJIOB Yy; MOXHO paccuuTaTh
(dhakTHyeckoe 3HaUeHue 1esieBoi pyHKuuu £(w), 3ananHoi BeipaxkeHuem (3.1).

Bropoii sTam anroputMa Nmpu3BaH MUHUMH3HPOBATh 3Ha4UeHHS (QyHKImH E(w).
Eciu mpunsate, 4to neneBas (QyHKUMS HEMpepbiBHA, TO Hambojee 3(P(PEeKTHBHBIMU
criocobamMu O0OyYEHHUs OKa3bIBAIOTCS TPAJAMCHTHBIC METOMBI ONTHUMHU3AIMH, COTJIACHO
KOTOPBIM YTOYHEHHE BEKTOPA BECOB (TO €CTh 00yUEHHE) MPOU3BOIUTCSA 110 (hopMyIie:

w(t+1)=w(t)+Aw, (3.5)
rae
Aw = rp(w), (3.6)

t — HOMep I0JJaBaeMOTro Ha BXOJ Habopa, a B HAILIEM CIy4yae BPEMEHHOM Iar, T -
ko3 puieHT o0yuenus, p(w) - HarpapJI€HUEe B MHOTOMEPHOM IIPOCTPAHCTBE W.

OOyueHre MHOTOCIIOMHON CETU C MPUMEHEHUEM TI'PAJUEHTHBIX METOJ0B TpeOyeT
ONpE/ENEHUs] BEKTOpa TpaJleHTa OTHOCUTEIBHO BECOB BCEX CIIOEB CETH, 4YTO
HEOOXOAMMO [JIs TMpPaBUJIIBHOTO BbIOOpa HampaBieHUs p(w). OJTa 3amadya HMeEeT
OYEBUHOE PEIICHHE TOJIBKO JUIsl BECOB BBIXOJHOTO ciiosi. [t Apyrux cioeB co3jnaHa
crenuanbHasl cTparterus, kotopas B Teopun HC Has3piBaeTcs anropuTMOM OOpaTHOTO
pacripocTpaHeHus omuoOku (aHri.:. backpropagation) [Klimauskas, 1993; Demuth,
Beale, 1992], otoxaecTBisieMbIM, Kak TpaBUiIO, C MPOIEAypoil oOydeHus: cetu. B
COOTBETCTBHHM C OTHUM aJTOPUTMOM B KaXIOM IUKIE OOy4YEHHUS CIIeyeT BBIICIHUTH
cnenyromue dTansl [Hertz et al., 1995].

1. AHanu3 HEHPOHHOM CEeTH B MPSMOM HAMPABIICHUU Tepeayr HHGOPMAINH TIPH
TeHepaly ¢ TMOMOIIbI0 (YHKIIUM aKTHBAI[MM BXOJHBIX CHUTHAJIOB, COCTABJISIOIINX
BEKTOp x. B pe3ynbraTe Takoro aHajliM3a pPAacCUUTHIBAIOTCS 3HAYEHUS BBIXOTHBIX

CHUT'HAJIOB HeﬁpOHOB CKPBITBIX CJIOCB M BBIXOJHOI'O CJIOA, a4 TAKKC COOTBCTCTBYIOLIHC

dfw?) dfw?™)  dfw™)

du® C du® 7 du™

MIPOM3BOHBIC (GyHKIIUH aKTUBAIIMU KaXJA0To ciosi(m —

KOJIMYECTBO CIIOEB B CETH)
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2. Coznmanue Habopa OOpaTHOTO PACHPOCTPAHEHHS OMIMOOK MyTEM H3MEHEHHS
HaIpaBJICHUI Mepeadyd CUTHAJIOB, 3aMeHa (PYHKIIMU aKTUBALUU €€ MPOU3BOIHBIMU U
Mojadya CHUTHAJIOB Ha OBIBIIMKA BBIXOA (2 B HACTOSIIMA MOMEHT - BXOJZ) CETH
BO30Y)KJICHHSI B BHJI€ Pa3HOCTH MEXAY (DAKTUUECKUM M OKUJAEMbIM 3HaueHueM. Jlis
OTpPEJICTICHHOW TaKuM O0pa3oM CETH HEOOXOJUMO pPACCUMUTATh 3HAYEHUSI TPEOyeMbIX
OOpaTHBIX Pa3HOCTEH.

3. YTouHeHue BecoB (TO €cTh OOYYEHHE CETH), BBITIOJIHIEMOE IO MPEAI0KEHHON
BhITIIE hopmyite 3.6.

4. OnwucanHpii B nyHKTax 1, 2 m 3 mpouecc cieayer HNOBTOPHUTH ISl BCEX
oOy4Jaronux BBIOOPOK, MPOJOJIkKasi €ro BIUIOTHh /IO BBINOJTHEHHUS YCJIOBHUSI OCTAHOBKH
aNropuTMa.

bazoBbie (popMyIibl CUMTAIOTCS KJIACCMUECKUMU I TEOPUU HEHUPOHHBIX CETEH.
PaccMoTpuMm ycCiioBusl, OTHOCSIIMECS K CETH C OJHUM CKPBITBIM CJIOEM.

Kak u panee, KOJTUYECTBO BXOJHBIX Y3JIOB 0003HAUMM OYKBOU N, KOJIMYECTBO
HEUPOHOB B CKPBHITOM cjoe K, a KOJIMYECTBO HEUPOHOB B BBIXOAHOM cioe M. bynem
UCIIOJB30BaTh CUTMOUJIATBLHYIO OUIMOJIAPHYI0O (PYHKIMIO aKTHUBAIIUU ATUX HEHWPOHOB.
OCHOBY aJITOPUTMA COCTABIISIET pacyeT 3HAYCHUS 1eJIeBOM (QYHKIIMM KaK KBapaTUIHON
CYMMBI pPa3HOCTEH MEXAy (PAKTUYECKUMH U OKHIAEMBbIMU 3HAYEHUSMU BBIXOJIHBIX
CUTHAJIOB ceTU. B ciyuae eauHU4YHON oOyuaroniedt BIOOPKH (X, d) ueneBas QyHKIus

3amaetcs opmyoi (3.1). OTta GyHKIUSA OIpeaesieTCsl BRIpaKeHUEM

2

1 & K 2 1 & K N
E=;Z{f(zwzi?’vi}—dk} = 2 A2 2w ||| B
k=1 i=0 k=1 i=o j=0

KoHkpeTHble KOMIOHEHTHI IpaIi€HTa PAacCUUTHIBAIOTCS U depeHIIpOBaHUEM
3aBucuMoOCTH (3.8). B nepByto ouepenp noaduparoTcsi Beca HEUPOHOB BBIXOAHOTO CJIOS.
J1J1s BBIXOZHBIX BECOB MOJIyYaeM:

0F _ _ af (u®y
o (vi —dy) “a® Ui (3.8)

Ecim  BBectu ob6pasoBanue J,° =(y,—d,) TO  COOTBETCTBYIOILHIA

KOMIIOHCHT TIpaJuCHTa OTHOCHUTCIBHO BCCOB HCprOHOB BBIXOJHOT'O CJIOA MOXHO
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npcaACTaBUThL B BUAC!

OE

D = = §Pv;. (3.9)
KoMIoHeHThI rpafiieHTa OTHOCUTEIBHO HEHPOHOB CKPBITOTO CJIOSI ONPEIEISIOTCS

Mo TOMY »KE€ WPHUHIMIY, OJHAKO OHHM OIHMCHIBAIOTCS JpYrou, Ooyiee CIOKHOU

3aBUCUMOCTBIO, CIICIYIONIEH U3 CYIIeCTBOBaHUS (DYHKIINH, 3aJaHHOW B BHUJIC

oF dy, dv,

ow l(]]) _(yk k)d_VldVVl(]l)

(3.10)

ITocne KOHKPETU3aH OTACIBbHBIX COCTABIIAIOIINUX 3TOTI'O BBIPAKCHHS 110JTyHaCM:

df(u(z)) df(u(l))
8w“) ;( ¢ —dy) i (IE) w,” y (li) X (3.11)
ij
Ecnu BBecTu 0003HaUYeHIE
df u® df '’
S5O = Z( —d) J;((;;)) W J;( (/;)). (3.12)
Wi

To I[IOJIy4YuUM BBIPAKCHHUC, OIIPpCACIIAIOIICC KOMITOHCHTEI rpaaucHTa
OTHOCUTCIIBHO BECOB HeﬁpOHOB CKPBITOTO CJI0A B BU/IC
oF

A
ow;

=5"x,. (3.13)

B o6oux ciuyuasx (dbopmynsr (3.9) u (3.13)) onumcanue rpagueHTa HMEET
aHAJIOTUYHYIO CTPYKTYPY M MPEACTABISIETCS MPOU3BEICHUEM JIBYX CHUTHAJIOB: MEPBBII
COOTBETCTBYET HAyajJbHOMY Yy3JIy JAHHOM B3BEIICHHOM CBSA3U, 4 BTOPOU - BEJIUYUHE
NOTPEUIHOCTH, TEPEHECEHHOM Ha Yy3€ld, ¢ KOTOPhIM 3Ta CBS3b YCTAHOBJICHA.
OnpeneneHue BEKTOpa TpaJMEHTa OYEHb Ba)XXHO I MOCJEAYIOLIEro Mpouecca
YTOYHEHMsI BecOB. B kiaccuueckoM anroputMe oOpaTHOIO pacHpOCTPaHEHUsS OIIMOKU
dakTop p(w), yuuThiBaeMblil B BeipaxeHuu (3.5), 3aaeT HanpaBiIeHUE OTPULIATETLHOTO
IpaJueHTa, HI03TOMY

Aw =—VE(w) (3.14)

3.1.3 AJIrOpUTM NOMCKA MAKCMMYMAa 00y4eHH s
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B nacrosmieit pabote Beca cBsi3eil OOHOBIISIIOTCS MOCIE MPEAbIBICHUS UTEPALIUU
oOy4aronieil BBIOOPKH, CIIEOBATEIBHO, I KaXKIOH UTEpAIUU MPOBEPSIETCS YCIOBUE
JTOCTHXKEHUsT MakcuMyma oOydeHus. OOBIYHO MakCHUMyM OOYYEHHsS OIpeaesieTcs
neneBoil Qgynkmuedt mo dopmyne (1). Bo MHOrux 3agayax cTaBUTCS HOPOTOBOE
ycioBue, mpu JocTkeHun kotoporo HC cumtaercs oOydenHoil. OpHako eciu
JOCTH)KEHHE MOJENBbHBIX PACUYETOB M 3aBEAOMO M3BECTHBIX 3HAYEHUW C HEKOTOPOU
TpeOyeMOl TOYHOCTbIO HEBO3MOXKHO, MAaKCUMyM OOYy4YeHHUs OIpeAesseTcss Kak
rI100aNbHBI MUHUMYM 1ieneBoi Gynkuuu [Ocosckuit, 2002].

B nocraBiieHHOH 3a/1a4€ YCTAHOBUTH TPEOYEMYIO TOUHOCTh MOJIEIIbHBIX PACYETOB
HEBO3MOKHO BBHMJIY HEIOCTATOYHOM M3YYEHHOCTH MOJEIUPYEMBIX napameTpoB. [Ipu
3TOM oOy4aromas BbIOOpKa cOCTOMT Bcero u3 30-38 3HaUYeHUM, UYTO YCIOXKHSET
OIpe/ieNieHNe MaKCUMyMma OOy4YeHHUsl KJIACCHYECKMM MeETOoJoM. B »Tol cBsi3m i
OIpe/eNieHUs] MakCUMyMa oOyueHus ObUI Mpensio’KeH albTepHATHBHBIN moaxoxa. Ha
KKJOM Iare o0ydarolasi BIOOpKa IMOBTOPSIETCS MHOTOKPATHO, MPH 3TOM 3HAYEHUS
BECOB YTOYHSIOTCA C KaXIod wurepanued. Ha kaknoll uTepaluu pacCUMTHIBAKOTCS
K0>((OUITMEHTB! KOPPEIAIUN € 00y4aromen (Tosyy) U TECTOBOM (Treer) BBIOOPKaMHu. 3a
MaKCUMyM OOy4YeHUs MPUHUMAETCS UTEpalusi, Ha KOTOpON HabOIromancs rio0albHbIN
MAaKCHMYM TIogy. [IpH 5TOM HEPABEHCTBO [Ireer — Togys| < 0.15 TOKHO OBITH BBHIIOJIHEHO.
B ciydae, xorna ycioBu€ HE BBINOJHSETCS, 32 MAKCUMyM OOy4Y€HHs] TPUHUMAETCS
OnmvKaiias ureparus, 1Jiss KOTOPO HEPAaBEHCTBO JACHCTBUTEIBHO, TO €CTh UTEpaIus,
KOTOpasi HaXOJUTCA B HEKOTOPOW OJM30CTU OT riao0aJbHOTO MAaKCMMyMa OOYyYEHUS.
OpHako HEIOCTAaTOK 3TOr0 METoJla — HEOOXOJMMOCTh KOHTPOJIBHOW MPOBEPKHU
MOJEJINPYEMBIX PE3YyJbTaTOB. DTO CBSI3aHO C TEM, UYTO B IPOLECCE MOUCKA MaKCUMyMa
oOyuennss HC ucnonb3yercsi TecTupyroas BbIOOpKa M, CIIEJOBATEIbHO, BO3HHKAET
HEOOXOJUMOCTh  HMCIOJb30BaTh  HE3aBUCHUMYIO  (KOHTPOJIBHYIO)  BBIOOPKY  JUIs
O0OBEKTHUBHOM OIEHKH BO3MOXKHOCTEH MOJICIIH.

W3 npennokeHHOro MeToja OMNpEAeeHUs] MaKCUMyMa OOy4YeHHUs CIEAYyeT, YTO
KOJIMYECTBO HTEpalii MOXKET ObITh OrpaHUyYEHO JIMIIb crHeruanucToM. Eciu
NPEANOJIOXKUTh, YTO JIIOOOM MakCUMyM OOYYEeHHS SIBJISETCS JIMIIb JIOKAJIbHBIM, TO

3aJgada 3ane6yeT MHNITIIMOHBI I/ITepaHI/Iﬁ I ITOHUCKa TJ100aI5HOTO MaKCUMyMa
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oOyuenusi. OIHAKO B TakOM CIlydyae BBIUMCICHHUS Obl 3aHMMAld MHOTO BPEMEHH.
OKCNIEpUMEHTANIBHBIM IIyTEM OBLJIO MOJyYEHO, YTO IpU BbIOPAaHHOM KOI(PQPUIMEHTE
oOyueHHUs ONTHUMAJIbHBIN Topor KoimuecTtBa utepanuii poBusercsa 1000, KoTOpwIid u

OyJeT UCTIOJIb30BaThCs B 3TOU padoTe.

3.2. TecrupoBanue mogean HC

JIJist TeCTUpOBaHMSI HEHPOCETEBOM MOJIEIN OBLIM CO3[aHbl HECKOJIBKO MaCcCHUBOB
JIAHHBIX, TIPEJCTABIIAIONIUX OO0 rapMoHYeckre (PYHKIMU (COS U SIn) ¢ pa3IuIHBIMU
yacToTaMu U amruiutyjnamu (puc. 3.3). OTu (QyHKIIMM HCHOJIB30BAIUCH B KAaYECTBE
BXOJHBIX CHUTHAJIOB (MPEIUKTOPOB), KAaK  AHAJOTM  PEAIbHBIX KJIMMATUYECKHUX
CUTHAJIOB, OKa3bIBAIOIIUX BIUSHUE HA TPOTHO3ZUPYEMYIO BEJIUUUHY:

° cos(X-0,2) — nepuoa B 320 mraros;

o sin(X-1,05) — nepuop B 60 maros;

o 0,7-cos(X-9) — mepuoj B 7 11aros;

o 0,3-sin(X-22) — nepuoy B 3-4 mara.

YacToThl W aMIUIMTYJbl BBIOpAHHBIX (QYHKIUNA ObUIM MOAOOpaHHBI B
cootBeTcTBUM ¢ [XoToH, 1987]. Ilpm stom mepuwon 320 ner ObUT MPEANIOTOKEH
TUTIOTETUYECKH.

KonnuecTBO HEMPOHOB BXOJHOIO CJIOSI COOTBETCTBYET KOJIMUECTBY BXOJIHBIX
curHasioB 1 paBHo 4. CornacHo Teopeme KommoropoBa—ApHnoubaa [Kommoropos, 1957]
O TIPEJICTABJICHUH HEMPEPHIBHBIX (PYHKIIUN HECKOJBKUX MEPEMEHHBIX CYNEpHO3UIuei
HETPEPBHIBHBIX (DYHKIIUH OJHOTO MEPEMEHHOTO U CIIOKEHUs, KoTopas B 1987 romy Obuia
HCTONb30BaHa XeuyT-HUibCeHOM 11 HEMPOHHBIX CETEH, ONTUMAIBHOE KOJIUYECTBO
HEHPOHOB B CKPBITOM CJIO€ JOHKHO paBHAThCA 2i+1 (1 — KOJIMYECTBO BXOIHBIX
curHaioB) [Haykin, 1994; Hecht-Nielsen, 1991]. CnegoBaTenbHO, KOJIUYECTBO
HEUPOHOB CKPBITOTO CIIOS JJIs TOM Moj3anaun Obu1o paBHO 9. HauanbHble 3HAUEHUS
BeCOB ocTayiuch 0e3 m3MeHeHud u paBHbl 0.25. [IoCKOJIIBKY HMCKYCCTBEHHO CO3JaHHAas

BBIOOpKA TMpEACTaBIsieT CcO00Ml CyMMY 3aBEAOMO U3BECTHBIX (YHKLUMHA, TO HJs
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oOecrieyeHnst TOCTIXKEHUs1 Oonee ToyHOro Makcumyma oOyuenus HC crienyer B3siTh

0onee Hu3kul ko3 dunmuent ckopoctu odyuenust HC. r B atom cnyuae pasnsuics 0.05.

Jlns MopenupoBaHus OBUIM HCMONBb30BaHbl 160 1MIaroB CyMMbl TapMOHHYECKUX

byHKUMA, W3 KOTOpPBIX JUisi  OOy4eHHs

TecTupoBaHus Mojiesd — ¢ 61 o 160.

1,5:9
0,5

0,5 -

cos(X-0.2)

-1,5 T T T T T T

UCIIOJB30BANINCH TiepBbie 60,

1,5 -

0,5

-0,5 -

sin (X+1.05)
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1,5 q

0,5

0.7-cos(X:9)
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0.3-sin (X-22)
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3,0
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CyMMa rapMoHUK
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a A

Pucynoxk 3.3 — 'apMonnueckue GyHKIUU, XapakTepusyronue 3-4-1eTHU, 7-JIeTHUH,

60-setHui 1 320-1€THUI NEPUOA U UX CyMMa.
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B cuiy TOro, 4ro HayaiabHBIE YCJIOBHS OMNPEIECISIOTCA CIy4allHBIM 00pa3om,
ObLM BhITIOJIHEHB! 100 3amyckoB, a Mocie 3TOro onpeesieHbl 3HaueHus: KoddpuiiueHTa
muHenHoi koppensiuuu (r), CAII Ha TecToBOl BBIOOpPKE M HUTEpalMs MaKCHUMyMa
oOyuenus (10 cmydailHbIX pe3ysbTaTOB MpuBeaeHO B Tabdauie 1.1). B cpennem mis 100

3aIyCKOB MOJIEU ObLI MOTy4YeH cheayronuid pe3yastat: r = 0.998; CAIl = 0.063.

Tabnuna. 3. 1 — ciiy4ailHO BBIOpAHHBIX PE3YJIHTATOB TECTUPOBAHUS MOJIETU HAa OCHOBE

HCKYCCTBCHHO CO3JIaHHBIX 3aKOHOM€pHOCTCI71

utepauus | 15399 | 1642 5995 | 18044 | 4070 | 19375 | 7552 | 2345 15 9206

r 0.9985 | 0.9982 | 0.9983 | 0.9979 | 0.9979 | 0.9986 | 0.9974 | 0.9977 | 0.9977 | 0.9980

CAIl 0.0581 | 0.0678 | 0.0576 | 0.0682 | 0.0652 | 0.0596 | 0.0734 | 0.0696 | 0.0704 | 0.0639

Ha puc. 3.4 npuBenen rpadguk oOydeHus oaHOro u3 cluieHapueB. Ha rpaduke
YETKO BBIJECJIEH MOMEHT MakcuMyma oOydenHus. Ha 600 wurepamum ko3 uimeHTs!
KOPpPEJSILIMA MOJIETIbHBIX JaHHBIX C MOJEIMPYEMBIM MAapaMETpOM Ha TECTOBOM U
oOyuaroleil BBIOOpKaxX pacloiokKeHbl MAaKCUMalbHO Oin3Ko, B TO BpeMsi kak CAIl
JocTUraeT cBoero MuHumyma. Ilox “meneBoit ¢GyHKIMENH” 31ecCh MOapazymMeBaeTCs
MAaKCHUMYyM PAa3HOCTH MEXIAY MOJEIUPYEMOU U NOJIYUYEHHON MOJENBIO BEIUYMHOU. Puc.

3.4 neMOHCTpHUPYET Mpoliecc 00ydeHHs, COOTBETCTBYIOIINI ULUTFOCTpAIlU Ha puc 3.5.

3.2.1 loGaBiieHne 0€J10r0 HIyMa K MOJIeJIMPYEeMOMY NapaMeTpy

Hnst ouenku cnocobHoctn Moaenu HC copaBiasTees ¢ 3allyMIICHHBIMH
BBIOOPKAMH K MOJIETUPYEMON CyMME rapMOHUK JOOABIISIICS LIYM.

beuto mpoBeneHo NiBa 3KcnepuMeHTa. B mepBoM nmamna3zoH pazOpoca 3HAUYCHHI
nryma BeiOpan ot 1 1o -1, onpenensieMbiii  ciayyaino. [{ns yaoOcTBa aHanu3a BAUSHUS
nryma Ha oOydeHue 3auKCUpyeM Bce HauajbHble 3HAYCHHs] BECOB, IPUPABHSAB UX K
0.25. Bbpumn mnonyyeHsl cruenyromme pesynbTarsl. [Ipy  JOCTHKEHHMH MHUHUMyMa
byakuun o0yuenus kodpdurment koppemsuuu coctaBun 0.91, CAIl = 049 c
samrymiieHHbIMA JaHHBIME B 0.995 (MAE=0.17) ¢ momenupyemoit ¢yHKiuen O0e3

myma. Pe3ynprat npenocrasiieH Ha puc. 3.6a.
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Pucynok 3.4 — OOyuenue u nepeodydeHue HEHPOHHOM CETH Ha MPUMEPE UCKYCCTBEHHO
CO3/IaHHBIX 3aKOHOMEpPHOCTEH. BepTukanbHas TuHUS 0003Ha4aeT MOMEHT MaKCHUMyMa

oOyueHus.

7 ﬂ /A /\

(1) f b \ \//\/A\ A N 2 J\ \ J\
1] / \,\/ | \’ \ ¥ N
-2 | ——Mopgens HC | U v \/

MCXOD,HI:IG OaHHble
-3 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
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Pucynok 3.5 — MonennpoBaHne HCKYCCTBEHHO CO3JaHHOIO psilia

OpnHako, eciii IIyM 3HAYUTENIBHO MPEBBIIAECT AMIUIUTYy BBICOKOYACTOTHOM
nepuonukn o CAIl pacrer (0,38), B TO BpeMmsi Kak KOppEJSIHUS H3MEHSAETCS He
cymectBeHHo (0,95), a pe3ynbTaT MOJCIMPOBAHUS MPEICTABISET COOOW MOJEITHHYIO
(GYHKLIHIO ¢ MEHee BBIPAKEHHOW aMIUIMTYAOM KaK Ha HHU3KOYAaCTOTHBIX, TaK M Ha

BBICOKOUYACTOTHBIX KOJIeOaHusX (puc 3.60).
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Pucynok 3.6 — O0yueHue ¢ nobasieHuem myma (a) — B guamnasone ot -1 1o 1 u (0) — B

JIAANa3oHe OT -3 110 3 B MOJICIUPYEMYIO BEJTUUYUHY.

Takum 00pa3oM, IpU UCMOJIL30BAaHUM HEHUPOHHOU CETH B IIEJISIX BOCTAHOBJICHUS
JAHHBIX W/ GOPMUPOBAHUS KIMMATHYECKUX MTPOTHO30B B KAUE€CTBE MOJICTUPYEMOTO
rapameTpa JOMYyCKaeTCsl UCIIOJIb30BAHUE JTAHHBIX, UMEIOIINX CIYyYaHYIO0 MTOrPENTHOCTD
n3MepeHui. CineqoBaresibHO, HEMPOHHBIE CETH MOXKHO MCMOJIb30BaTh B LEIAX OTYACTKH

OT IIyMa MOACIUPYEMOI'O CUI'HaJIA.

3.2.2. JlobaBJieHHe 0€10r0 IyMa K BXOJHbIM CUTHAJIAM

Hnst ouenkn cnocobHoctn Mogenu HC chpaBiasTees ¢ 3allyMIICHHBIMH
BXOJIHBIMU JTAaHHBIMU OB MPOBEJEH pAJl dKcrepuMeHToB. CHavana mryM J00aBIsIcs
TOJIBKO K OJJHOMY M3 BXOJHBIX CUTHAJIOB, HA CIEAYIOIIEM IKCIIEPUMEHTE YKE K IBYM, U
TaK Jajee, MOKa KaXIblii M3 4 CHTHAJOB HE MMOAABAJICS HAa BXOJ C OIpPEACICHHBIM
ypoBHeMm myma. [llym BapsupoBancs ot 15% ot pasbpoca mannbix, 10 60%. Ilon
pa3OpocoM cleAyeT MOHMMATh Pa3HUIy MEXIYy MaKCUMaJIbHbIM W MHHHMAaJbHBIM
3HaueHUsAMH psiga 3a 160 mraroB nepuoma oOydenus. beuto peannzoBano 100 mporoHoB
JUISL KOKJIOTO BapuaHTa C J00aBJICHUEM IIyMa K BXOJHBIM cUTHanam. s Kaxmoro
nporona mojenn HC 3amomMuHamuch MakCUMyMbl OOyYeHHS U WX MpPOBEpPKa Ha
TECTOBON BBIOOpKE, TMOCIE — PACCUUTHIBAIOCH cpefHee. Pe3ynbrarhl mpencTaBieHbl B

Tabmurie 2.
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Tabnuna 3.2 — JloObaBneHue nryMoB BO BXOJSIINE CUTHAIIBI, OCPEAHEHHBIE 110

pe3yiibTaTtaM 100 IIPOIrOHOB IJIA KAKJA0T'0 BapHaHTa ,Z[O6aBJIeHI/I}I IrymMa K BXOJIHbIM

CUTHaJIaM
K 1 2 3 4
OMICCTBO SAUYMICHHBIX CHIHATIOB correl | CAII | correl | CAII | correl | CAII | correl | CAII
[Iym ot -0,5 10 0,5 (15%) 096 | 029 | 096 | 031 | 094 | 037 | 091 | 043
[Iym ot -1 no 1 (30%) 091 | 045 | 0,84 | 0,58 | 0,78 | 0,67 | 0.73 | 0.76
IIym ot -1,5 no 1,5 (45%) 0,86 | 0,56 | 0,74 | 0,78 | 0,63 | 0,86 | 0.56 | 0.9
[Iym ot -2 1o 2 (60%) 0.84 | 0.60 | 0,67 | 0,82 | 0,47 | 1,04 | 0,41 | 1,03

W3 pe3ynabTaTOB BUAHO, YTO IIyM, A0OAaBiIsIEMbId K BXOJAHOMY CHUTHAIIy, HE
¢unbTpyeTcs M B 3aBUCUMOCTH OT €ro MHTEHCHUBHOCTH MEHSETCS KayecTBO
MozenrpoBanus. Takke oTMeueHO, yeM OoJbllie 3allyMJICHHBIX CHTHAJIOB Ha BXO/E,
TEM XyXe OyJeT MojenupoBarbes napamerp. [lpumep MoaenupoBanus B ciyyae, eciid

KO BCCM BXOJHBIM CHUI'HaJIaM OBLI I[O6aBJIeH ITyM B IIPOMCIKYTKC OT -1 a0 1, IIPUBCACH

07 ) | i

Pucynoxk 3.7 — Pe3ysibTaT MOJICIMPOBAHUS C 3aIIYMJICHHBIMU BXOJAHBIMUA CUTHAJIaMHU

CIIy4ailHbIM IIymMoM oT -1 1o 1.

Takum oOpazom, npu ucnosb3oBaHu HC ¢ yuurtenem ciaeayeT MOMHHUTH, YTO
3alIyMJICHHOCTh BXOJHBIX I1APAMETPOB MOXKET CHJIBHO CKa3aTbCsl Ha KayecTBe

MOJCIUPOBAHUA B OTIIMYHC OT 3allyMJICHHOCTH MO)ICHpreMOfI BEJIMUMHEL. Ecnu J0JIA
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myma coctaBiasier Oonee 60% — MoaenmpoBaHWEe B TaKOM Ciy4ae HE J1acT
MOJIOKUTENBHBIX  PE3YJTbTAaTOB — KOIPPUIUEHTHl KOPPEISAIMU B IPHUBEICHHON

CUMYJIIUA HpI/I6J'II/DKaIOTCH K HC3HAYUMBbIM.

3.2.3. IIporuo3 npu OTCYyTCTBUM OJTHOTO U3 NPETUKTOPOB

[Torpobyem nmath NpeABAPUTEIBLHYIO OILICHKY 3HAYMMOCTH MO, MCKIIIoYast
MOOYEPETHO U3 BXOJHBIX CUTHAIOB KaXAYI0 U3 HUX. HauHeM ¢ HU3KOYaCTOTHON MO/IBI.
[Ipy WCKIIIOYEHHM HU3KOYACTOTHOM MOJIBI MOJEIb HE CMOIJIA OIPEIEIUTh
HHU3KOYaCTOTHYIO COCTABJISIONIYIO Mpollecca. AHAJOTMYHAs KapTHHA HAOJII0aIach IpH
UCKJIIOYEHUU Kaxaou moja moouepeaHo (puc 3.8). M3-3a OTCYTCTBUSA NpeIUKTOpA
MOJIE/Ib HE MOTJIa MOJICIMPOBATh MPOIECC C TOYHOCTHIO, CPABHUMOKN C O0OyUYECHHEM IIPH

Y4aCTHUH BCCX IPCAUKTOPOB. B Ta611.3 IMPUBCACHLI PC3YyJIbTAThI SKCIICPUMCHTA.

Tab6nuna 3.3 — [IporHo3 npu OTCYTCTBUE OJJHOTO U3 MPEAUKTOPOB

Uckirouennnas Koppensums Cpenusis abconroTHas
MoJia MOTPENIHOCTh
COS(0,2*X) — 320nem 0.79 0.68
SIN(1,05*X) — 60nem 0.80 0.67
0,7*COS(9*X) — 7nem 0.90 0.46
0,3*SIN(22*X) —3-4nem 0,98 0,19
Bce BkitoueHo (11 cpaBHEHUS) 0,99 0,06

Takum oOpa3oMm, UCKIIOYas KakoW JIMOO mapameTp U3 CHUCTEMBI, KOTOPYIO MbI
monenupyem, HC nomnydaer He nojHyto MH(OPMALMIO U HE CIOCOOHA CMOJIEITUPOBATh
npouecc. HaubOonpiiyro 3HAYMMOCTh Ha JOCTATOYHO JUIMHHBIX pSAaX HMMEIOT
HU3KOYACTOTHBIE XapaKTEPUCTUKH, HAMMEHBIIYIO — BBICOKOYACTOTHBIE.

Takum oOpa3zom, MOXKEM 3aKiIOUuTh, uTO peanusauus monenun HC pabotaer
koppektHo. HC cnocobHa ¢GunbTpoBaTh IIyM, NPUCYTCTBYIOUIMH B MOJETUPYEMOMH
XapaKTepUCTHKE, OJHAKO MPH BBICOKOM 3alllyMJIGHHOCTH aMIUIMTyAa ociadeBaeT. B to
xKe Bpems, IIyM, AoOaBieHHbI Kk BxoaHbiM B HC curnanam, He ¢unbtpyercs. Ecnu

JOJIA ITyMa JJIsi KaKJIoro mapamerpa coctamisieT Oonee 30% To MoaenupoBaHue
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BO3MOXKHO TOJIbKO KauecTBeHHOe. Ecnu Gonee 60% — MoaenupoBaHue B TAaKOM CIy4yae
HE JacT IOJIOKHUTEIbHBIX PE3yJbTaTOB. DTOT TE3UC B OYEPEIHOW pa3 MOAUYEPKUBACT
BaXHOCTbH BBIOOpA HAJIEKHBIX CTATUCTUYECKU OOECIICUCHHBIX MaHHBIX. [Ipn oTcyTCTBUI
OJHOTO M3 BXOJHBIX CHTHAJIOB  KAayeCTBO  MOJEIHPOBAHMUA  YMEHBINACTCS.

OTCYTCTBYIOHII/Iﬁ CHUI'HAJI HC BOCIIOJIHACTCAI.

3 3 .
2 - !\/\ "\ : 2 -
"y 0 Ly
) J\ dif \N‘WU\ \ 1 4 ’\\" W'N"’\
| NI ANY YA, ] 4 \!
0 ’\“MU\ \!\‘ /:’\’/Uu\\ 0 Yy \t' .VM '"\\,
17 ‘ YWY Y 1 it by
2 - Ve Y 2 -
-3 T T T T T '3 T T T T T
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a 3]
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0 1 J \‘M ‘ 0 -
. T R
2 -2 A e oMb HC |
McxoaHble AaHHble
'3 T T T T T -3 T T T T T
0 30 60 90 120 150 0 30 60 90 120 150
8 2

Pucynoxk 3.8 — MoaenupoBanue npu OTCyTCTBUU (a) —3-4 netHero, (6) — 10-netHero,

(8) — 60-neTHero U (2) — 320-1€THETO BXOHOTO MHJIEKCA

3.3. IIpakTHyeckoe onpeaejeHne ONTUMAJIBHOIO KOJINYECTBA HEHPOHOB

BXOJHOTI'0O U CKPLITOI'O CJI0€B

J171s1 BBISBJIEHUS ONITUMAJIBHOTO KOJIMYECTBA HEMPOHOB BXOJIHOI'O M CKPBITO CJIOEB
NPOBENEM pPsJ SKCHEPUMEHTOB. [[is1 3TOro OBLIM HMCHOJIB30BAHBI CPEIHEMECSUYHbIC
JaHHble 00 o0beMe pacxona croka p. yHait (ctanuusa M3mawn) 3a nepuoa 1950-2012
IT. B aBrycre. B KkayecTBe NPEAUKTOPOB, KOTOPBIE HCIIOIB30BAIUCH I 3TOTO
AKCIIEpUMEHTA, ObLIN B34Thl MHAECKCH . bapctona u P. JIuBusu u3 pabotsl [Barnston,

Livezey, 1987]. Bxonubie curaans B HC onpenensinoch Mo alropuTMy paHKUpPOBAHUSA,
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omrcanHoMy B maparpade 2.2. Mx kommdecTBO BaphupoBaiioch or 2 a0 10 B
3aBUCUMOCTH OT YCJIOBUW 3KCIIepUMeHTa. Jlnana3oH KOJIMYecTBa HEHPOHOB CKPBITOTO
ciost BeIOpaH oT 1 mo 1*3+10, rame i — KOJMYECTBO HEHPOHOB BO BXOIHOM CIIOE.
TectoBass u oOy4aromniasi BHIOOPKM BBIOpPAHBI PaBHBIMU OTHOCUTEIBHO APYT Apyra u
cocraBisuid 31 3Hauenue. KoadduureHt ckopoctd oOydeHHs] TOCTOSHHBIA M PaBeH
0.05. Havanbubie BecoBble KOd(pduimentsl paBHsumch 0.25. Makcumym o0OydeHHS
oTpeeIsICs MPEIJIOKEHHBIM B padoTe MeTo1oM (cM. noanaparpad 3.1.3).

Bce pesynbrarel mporoHa i Kaxaod KOHCTPYKIHU Mozenu ¢ 1 =2..10 Bxomamu
HelipoHamu U 1..1%3+10 HelipoHaMu CKpPBITOTO CJIosi ObUIM 3aHEcEeHbl B Jor-aitn. Mx
KoJimuecTBo coctaBmio 1015.

Jns ananuza pe3ynpratoB mporona 1015 pasnuunbeix koucTpykuuii HC cnenyer
OT(UIBTPOBATh KOHCTPYKIIMM, SIBHBIM 00pa3oM HE YIOBJIETBOPSIOLIUE YCIOBUIO
IPEANOYTUTENBHON TOYHOCTH Monenu. PuipTpanus NOpOBOAWIACE HA OCHOBE YXkKe
oOyuenHoid HC B koHTposibHBIN nepuof. [Ipeanonaranoch, 4T0 MOPOroBO€ 3HAYEHUE
OyAeT ompeJesieHO ¢ HMCHoJb30BaHUEM kputnyeckoro T-kputepusi Crteronenta. s
Hayasa cieAyer onpeaeanuTh 3P(HEeKTUBHOE KOJIUYECTBO CTENEHENH CBOOO/IBI.

1-nr,
Mgy =Nn—= (3.15)

1+nr,’

rAe 7; — aBTOKOPPEISIUSA C NOPEeAblIyIIMM BPEMEHHBIM IIArOM pe3yJibTara
MOJIEIH, ¥, — ABTOKOPPEJSLUS C MPEAbIAYIIMM BPEMEHHBIM IIIarOM HCIOJIb3yEeMbIX
naHHbIX. /g pacxona croka p. lynait B aBrycre r, = 0.38, a r; 1eXUT B Ipeaenax oT
0.25 no 0.4 nnsa pasuweix koHctpykimii HC. U3 storo ciemyer, uto sddexrtuBHas
CTENEHb CBOOO/BI JIEXKUT B AUAIa30He OT 22 10 25 3HAYECHUH.

Jns ypoBHs 3HaunMocTH o = 0.05 u psna, umeromero 22 crenenu cBoooasl, Ty, =
2.0739. [lns pacyeTa KpUTHUUECKON KOPPEISIIIUU BOCIOIb3YeMCsl QYHKIIUEH CBS3U Ty

(amnupuyeckuit kputepuid CThIOJIEHTA) U KOPPEISIIIUU:

T :r_jﬁi_
amn m .

3amenum T, Ha T\, 1 paccuntaeM r,,. IIpu usBecTHOM Ty, U Nygq, 7 = 0.404.

(3.16)

Takum oOpazom mia ¢unpTparuu koHcTpykuuid HC Ha ocHoBe kputuueckoro T-
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kputepusi CTbIOJIEHTa TMOJYyYE€H CIEAYIOIMUN TOPOT: Fpeen >0.404, THE Fheem
KOPPEJSLUS MOJIEH ¢ MOJESIUPYEMOU BEJIMUUHON HA TECTOBOM BBHIOOPKE.

Ha mnpakTuke NpakTHYECKH BCE MOJEIbHBIE pe3yibTaThl KOHCTpykuuid HC
IPEBBINIATH 7y, ONHAKO HE OTOOpaykalu IOBEICHHE MOACIMPYEMON BEIUYUHBI B
neiaoM. OObEKTUBHO MOJarath, 4To Kod(pPuiueHT koppesiuu, paBubiii Bcero 0.404,
HEJOCTATOYEeH [JIsl HMHAMKAUUMU OJM3KOM CTaTUCTUYECKOW CBS3M MOJEIUPYEMOTO
3HAYEHUA U pe3ynbTaToB Mojenu. [loaToMy ObLT BBEIEH YCIOBHBIN MOpPOT, paBHbIH (.7.

Hwxe npuBeneH aHanu3 Kak ONTUMaJIbHOIO KOJIMYECTBA HEMPOHOB BXOJHOTO M
CKpBITOTO cJ0€B. /[ 3TOro mcnosb3oBaycs nepedop BCEX BO3MOXKHBIX KOMOMHAIUI
MPEIUKTOPOB HAa BXOJZI€, HMCIOJIb30BAHHBIX JJIs MOJEIMpPOBaHUA pacxona p. JyHaii,
HaunHasg ¢ koMOmHanmii u3 2 wuHuekcoB. KommuectBo koMOumHamuii HC MoxkHO
IPEJICTAaBUTh CIEAYIOIIUM 00pa3oM:

M= %L,Cy, (3.17)
rne N — ofmiee KOJMYECTBO BXOJHBIX MPEAUKTOPOB, [ — TEKYyIIEe KOJIMYECTBO
npeauktopoB (1=1,2, ..., N), C'y— COUeTaHue i HIEMEHTOB T10 MHOK€ECTBY N.

JIiist kax 0¥ KOMOWHAIIMK BXOJIHBIX HEHPOHOB MbI oTOMpanu koHcTpykiuio HC ¢
MaKCHMAaJIbHOM KOppelsAIlMed Ha TECTOBOM BBIOOPKE M COOTBETCTBYIOIIEMY €
KOJIMYECTBY HEHWPOHOB CKPBITOrO cJosi, KoTopoe MmeHsmock or 3 no 30. Hu onmna
KOHCTPYKITUSI MOJICJIA, WCIIOIh30BaBIlass KOMOMHAIIMIO U3 JIBYX Pa3JIMYHBIX BXOJHBIX
CUTHAJIOB, HE TMpEBbICWJIA BbIOpaHHBIA mpenen. MakcuMallbHOE — KOJIMYECTBO
koMmOuHauuii HC, npeogoneBmux nopor 0.7, cOOTBETCTBYET 6 HEMpoHaM BO BXOJHOM
cinoe. Ilpu sTtom makcumanbHOe konmyecTBO KoMOuHanuii HC Bo3moxHO mpu 5
BXOJIHBIX HEWpOHaX. B TO ke BpeMsi OTHOIIEHHS MEXAY KOJIUYECTBOM IPEOI0IEBIINX
npeaen U BO3MOXKHBIX KOMOWHAIIMK pacTeT ¢ POCTOM KOJIMYECTBA HCIOJIb3YEMBIX Ha
BXOJI€ CUTHAJIOB (cM. Tabi1. 4 u puc 3.9).

Jlamee tmpoBeneM aHalM3 IO KOJMWYECTBY HEWPOHOB B CKPBITOM CIIOE.
Paccmotpum  pacnipenenenue  koHctpykumit HC, mnpeoponieBmmx —mpeden, 1o

KOJIMYECTBY HEHPOHOB B CKPBITOM CJIO€ B CIIy4Yae MCHOJb30BaHUs KOMOMHAIMHI U3 5, 6
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u 7 HeiipoHoB Ha Bxojae (puc. 3.10). Tak ke, kKaKk W Ha MPEIbIAYIIEM 3Tare,

HCIIOJBb30BaAJIMCh TOJBKO PE3YJIbTAaThl MOACIUPOBAHHA, ITPCOJOJICBIINEC ITOPOT' I = 0.7.

Ta6nuna. 3.4 — Pacripenenenne KOMOMHAIIMN 110 KOJUYECTBY HEMPOHOB BO BXOJHOM

CJI0€, TPEBBICUBIINX 3aJJaHHbIN Tipeaen: r= 0.7

KonnuecTBO BCEBO3ZMOKHEBIX KonuuectBo
o N OTHoOLIEHUS
KommuectBo KOMOMHAIUHI C KOMOMHAIIMH,
o MIPEOI0JICBIIIMX
HEHPOHOB BO oTpeeICHHBIM MIPEOIOTEBIINX Hpeen K
BXOJITHOM CJIOE KOJIMYECTBOM HEHPOHOB BO YCTaHOBJICHHBIN P
obmemy
BXOJHOM CJIO€ npezen
2 44 0 0
3 120 3 0,025
4 210 16 0,076
5 252 50 0,2
6 212 69 0,327
7 120 45 0,375
8 45 25 0,556
9 10 6 0,6
10 1 1 1
1
x 0,9
3
2°3 08
&3
c
» § 0,7
5 O
a g 0,6
g <
g 205
o g
704
o >
2 0,3
28
38 02
g I
S 0,1
o £
0 T - T . T T T T T T
2 3 4 5 6 7 8 9 10
KOJ<IN4eCTBO HEMPOHOB BO BXOAHOM Crioe

Pucynok 3.9 — Pacnipeenienue COOTHOIICHUS ITPEOI0JIEBITINX KOPPEISIIMOHHBIA TOPOT
(0.7) x obmemy uuciay komOuHanuii HC B 3aBHCUMOCTH OT KOJIMUECTBA HEUPOHOB BO

BXOJIHOM CJIO€
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a 0

7 BXOAHbIX HEWPOHOB

3.}

~

w

[}

KonuuyectBo BbIiNnageHus
Hauny4wen moaenu

o

2 5 8 1 14 17 20 23 26 29

KonuyecTBo HeipoHOB CKpbITOro crios

B
Pucynoxk 3.10 — I'uctorpammbl KOJIM4YeCTBa KOMOMHAIIMNA BBIMAIAIONIUX HA KOJTUYECTBO

HEHPOHOB CKPBITOrO CJIOS AJIs MATH (@), ECTH (6) U ceMH (8) BXOJIHBIX HEUPOHOB

Oxuaanoch, YTO MbI TOJIYYHM HOPMaIbHOE JHM OJM3KOE K HOPMaJIbHOMY
pacrmpejenieHde, MoJia U MaTeMaTHYeCKOe OKHIAHHS KOTOPOTO COBIAJIET W Oyner
PaBHSATHCS YIIOMSIHYTOMY paHee ONTUMAIbHOMY KOJMYECTBY HEHPOHOB CKPBITOTO CIIOS
1*2+1 (rme i — KOJMYECTBO HEWPOHOB BXOJHOIO CJIOS) B COOTBETCTBUHM C
momudukanuet P. Xeur-Humbcenom [Hecht-Nielsen, 1991] wu3BecTHOH TeOpeMbI
Konmoroposa—Apnonsaa  [Konmoropos, 1957]. Marematuueckoe  OXKHUAaHUE
MOJIYYEHHOTO HaMH KOJIMYE€CTBA HEHPOHOB CKPBITOrO CIOSI IEMCTBUTEIBHO OKa3aJioCh
onm3ko K TeopermueckuMm pacueram P. Xeur-Hunbcena u paBHsiioch 12 B cimyuae 5
HEWPOHOB BO BXOJHOM ciioe, 14 B ciyuyae 6 u 15 B ciiyyae 7. OgHako mozaa u paszopoc,

OYEBHJIHO, YKA3bIBAIOT HA TO, UTO pacmlpeereHue 0Jim3ko kK paBHoMepHomy (puc. 3.10).
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CrnenoBaTenbHO, HCIOJIb3yeMO€ OTHOIIeHHe 1-2+1  He NpPUMEHMMO B KadecTBe
ONTUMAJIBHOIO KOJMYECTBA HEUPOHOB CKPBITOTO CJIOSI B IMOJOOHBIX MPAKTUYECKUX
3agavax. [losTomy B Tekymeit pabore OyayT paccuutansl Bce KOHCTpykiuu HC c
KOJIMYECTBOM HEHPOHOB B CKPBITOM CJIO€, KOTOpOE€ OYIEeT MEHAThCA OT 3 [0

yaBoeHHoro yciaoBus P. Xeur-Hunbscena — 4-1+2.

3.4 Komonnanuu HC 1 MHOKeCTBEeHHBIH MMOAX0/1

ITockosibKy B KaueCTBE BXOJIHBIX CHUTHAJIOB B paboTe OBbUIM HCIOJIb30BaHbI
KJINMaTUYECKUE MHIEKCHl C JIOKa3aHHOW 3HAYMMOW CTAaTUCTUYECKOW CBA3bIO, YTO B
CBOIO O4Yepe/lb HE SIBIACTCS JI0KA3aTE€IbCTBOM HAIMYMS (PU3MUECKON CBS3HM MEXIY
OPEAUKTOPOM U TPEIUKATOM, HE BCE BXOJHBIE CHUTHAJBI HEU30EKHO MPUBEAYT K
MOJIOKHUTEIBHOMY Pe3yJIbTaTy MoJieTupoBanus. Mcnoib30BaHue BBIOPAHHOTO BXOTHOTO
curHana, (U3UYECKH HECBSI3aHHOTO C TPEAUKATOM, IMPUBEACT K OLIMOOYHOMY
ooyuennto HC, 4ro craHer o4eBMJAHO Ha TecTOBOM BhIOOpke. I[lomumo »sToTO,
KJIIMMaTUYECKUE MHJIEKChI MOTYT OBITh CBSI3aHBbI C MPOTHO3UPYEMOM XapaKTEPUCTUKOU
yepe3 OJUH HM TOT K€ (U3WYECKUNl MEXaHWU3M, WPOSBISIONIMICS C Pa3HBIM
3ama3jpIBaHUEM B OkeaHe W atMmocdepe. Takas MyJIbTUKOJITMHEAPHOCTh MPUBEAET K
UCIIOJIb30BAHUIO «HUHJEKCOB-yOJIEpOBY», B pE3yJbTaTe€ YEro MMEHHO HMX CBSI3aHHBIN
buznUecKkuil MexaHu3M NOJIy4IHT Topa3no 6omsimuii Bec BHyTpu HC. [Ipeamnonaras, aro
Ha KIMMATHYECKYI0O AHOMAJIMIO MOJKET BIUTHh HECKOJIIBKO HE IEPECEKarOIINXCA
(bU3MYeCKUX MEXaHU3MOB, Takasi HEWpOHHAs CETh 3aBEIOMO MOXKET YIYyCKaTh
HEKOTOpbIH 00beM uHpopMmainuu, a ee (yHKIMOHAIbHAS 3aBUCUMOCTH OyJeT
HEYCTOWYHUBOM.

DTOT Te3UC MOATBEPAUIICS Ha TpakTuke. Ha ocHOBe BceX 0TOOpaHHBIX WHJIEKCOB
MOJEIb  MOPOJEMOHCTPUPOBAJa  HEYAOBIECTBOPUTENbHBIM  pe3yabTar. lloaTomy
MOJICJIUPOBAaHUE TMPOBOJUIIOCH € TMEpedOpoOM BCEX BO3MOXXHBIX KOMOHWHAIIMIA
MPEIUKTOPOB Ha BXOJE, BBIOPAHHBIX Ha MPEABAPUTEIILHOM JTare, HadYuHAs C
KoMOuHanui u3 3 uHAeKcoB. CXeMaTUYeCKH aJITOPUTM siipa MOJENU MPECTaBIEH Ha

puc 3.11a. Konr4ecTBO HEMPOHOB CKPBITOTO CJI0S HA OCHOBAHUH BBIBOJIOB, CJI€JTAHHBIX
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U3 Tpeasiaymero maparpada, w3MeHssioch oT 3 mo 4it2 (rme i — KOJIMYeCTBO
IPEIUKTOPOB B TeKylled BbIOOpke). Takum oOpa3om, o0IIee YUCIO BO3MOYKHBIX
koHcTpykumi HC, mMmeromux yHUKadbHbI HA0Op MPEAUKTOPOB M PA3IUYHOE YHUCIIO

HGﬁpOHOB CKPLBITOT'O CJIOA, MOKHO PpaCCUYHUTATDh KAK

Max designs = YN ,(4i + 2)Ck , (3.18)

rie N — ofmiee KOJMYECTBO BXOJHBIX MPEAUKTOPOB, [ — TEKyIIee KOJIMYECTBO
npeaukropoB (i=1, 2, ..., N), C'y— coueTaHue i dIEMEHTOB 110 MHOKeCTBY N.
Ha puc. 3.110 npousmttoctpupoBan pocT komOuHaiuii BxogHoro cios HC B

3dBUCHUMOCTH OT KOJIHMYCCTBA HUCIIOJIb3YCMBIX HHACKCOB N. Ecin IMIOCTPOUTD q)YHKIII/II-O

__ Max(N+1)
" Max(N) ’

(3.19)
IPOWJUTIOCTPUPOBAHHYIO Ha puc 3.11B, MOXKHO 3aMETHUTb, YTO 3Ta QyHKLHUSA ¢ pocToM N
Oyner ctpemuThbes K 2. Takum 00pa3oM, pocT CIOKHOCTU MOXKHO C(HOpPMYIMpOBATh,

HCIIOJIB3Y: MPUACII:

limy_, YN, CL =2V, (3.20)

CTouT OTMETHUTB, YTO MOJTYYEHHAss 3aKOHOMEPHOCTD BIIOJIHE CIPABEIIMBA U CBSI3aHA C
W3BECTHOH TeopeMoit Y., CL = 2", BHIMONHSAIONIEHCS TIPK MOJOKUTENBHBIX N. Takum
00pa3oM, KOJMYECTBO HCHOJIB3YEMBIX Ul MOJEIMPOBAHUS HHAEKCOB CYLIECTBEHHO
BIMSET HAa CKOpPOCTh IIOMCKAa (PYHKUMOHAJIBHOM 3aBUCUMOCTH, KOTopas Oyner
UCIIOJIb30BaHa Ul COCTaBJIEHMs MNporHo3a. CienoBareiabHO OTOOP MNPEIUKTOPOB,
omucaHHbIN B maparpadax 2.2 u 2.3, sBiseTcss BaKHEUIIIEH 3a1a4ei.

Jnst kaxnaon yaukansHoM koHCTpykuuu HC nmpoBoauiochk oOyuenue. JlanHbie o
koHCTpyKuusix HC B MomeHT Makcumyma oOydeHus (HOMepa MCHOIb3yeMbIX

MPEAUKTOPOB, KOJMYECTBO HEHPOHOB CKPBITOTO CJOS, UTEpamus OO0ydYeHus,
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KOPPEJSAIUOHHBIE OIICHKM HAa TECTOBOWM M 00ydYaromel BBIOOPKE) 3aHOCHIINCH B JIOT-
daitn (puc. 3.11a). Ilo oxoHyaHuo pacuera (YHKIIMOHAIBHBIX 3aBHCUMOCTEH BCEX
koHcTpyKiui HC mpou3BOAMIIOCH paHKUPOBAHUE C HCIIOJIL30BaHHEM Ko3(duimeHta
KOppEJSILIUA Ha TECTOBOM BBIOOpKE B MOMEHT MakcumyMa oOydeHus. [lo pesynbraTtam
pamxupoBanus oroupanuck 20 nyummx xkoHcTpykuuit HC. Mcnonssys undopmaimio
u3 nor-¢aiina, ycremabie HC Bocripon3BOAMINCH BHOBh I OOBEAMHSUITUCH B aHCAMOJTb
myTeM OOBIYHOTO cpeaHero apudmerndeckoro. Ha obmel cxeme moaenu (puc. 3.14)

ATOT 3Tal YKa3aH KaK TPETUH.

—
S m
§' S SR, @@@ @@@ 3anuck koudurypamuu HC
;2 S 2N7’1 @@@ Monens HC, B JIOr-(haii
= e I 0 ®@®@@@@ OIMCaHHas B (KOHCTPYKLHSA, 1oy Togy.
| % 2 G @ @ @ paznene 3.1.1 HOMEp UTepaLuu
§ :é..:( = ® @@@ Makc. 00yueHHs )
iy '
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0 8

Pucynok 3.11 — @ — anroputm paboThl MOAENH, WILTIOCTPUPYIOIIMIA 3aMyCK MHOXECTBA
HC ¢ paznuuHbIMU KOMOWHAIMSIMUA BXOJAHOTO CJIOSI, O — POCT KOJIMUECTBA KOMOMHAIIUMA
B 3aBHCHUMOCTH OT KOJIMYECTBA HCIIOJIb3YEMbIX HMHIEKCOB JJISI TE€HEPAIIMU BXOJHBIX

BEKTOPOB, N, 1 8 — KO3PULHUEHT POCTa CIOKHOCTH B 3aBUCUMOCTH OT N.

Cnenyer OTMETHTh, YTO HCIOJIb30BAaHHE TECTOBOW BBIOOpKHM st oTOopa 20
Jy4dIIUX MoJielied U e KOCBEHHOE HCIIOJIh30BaHUE JIJIT 0TOOpAa MaKCUMyMa OOYy4YeHUS
(anroput™m ommcad B mapapade 3.1.3) mpuBeno k HEOOXOIWMOCTH JOMOJHHUTEIBHOM

HE3aBUCUMOM MpoBepKU Mojieu. J[Jis aToro Obuta 100aBiieHa KOHTPOJIbHAS BEIOOPKA.
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Takum 00pa3oM, MOJENMpPOBaHHE KAXKIOTO MecsSa MPOBOIUIOCH HE3aBUCHUMO
JIpyr oT apyra. CpenHemecsuHble psiabl 3HaueHui uHaekcoB Nino 3.4, Nino 3, Nino 4 u
BXOJHBIX KJIMMAaTUYECKUX MHAECKCOB ObUIH pa3jefieHbl Ha 00yYaroIlyl0, TECTUPYIOUIYIO
U KOHTPOJIbHYIO BBIOOpKH. [{nmmHa oOydaromieil BEIOOpKU cocTaBuia 38 JeT 3a Mepuo
1950-1987 rr. TecroBasi BbIOOpKa paBHa 19 romam 3a mepuon 1988-2006 rr. B
KaueCcTBE KOHTPOJIHHOU BRIOOPKHU paccMmaTpuBaiics 14-metHuii mepuon 3a 20072022 rr.

(puc. 3.12).

OO0yueHune Tect KoHTponb

Nino 3.4, °C
O N W

1948 1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
Pucynok 3.12 — OOyuaromas (1950-1987 rr.), TecroBas (1988-2006 r1r.) u

koHTpoJibHas (2007-2022 rr.) BeIOOpKH Ha npuMepe uHaekca Nino 3.4 s sHBaps

3.5. OnruMu3anusa NPOrHOCTUYECKON MOIeJ U

HeobxonmumocTh paccmarpuBaTh MHOXeCTBO koMOuHanuii HC mpuBena k
NOTPEOHOCTH B ONTUMHU3AIMHU 3TUX pacdeToB. OAHUM M3 CHOCOOOB ONTHMHU3AIUHU
MO>XHO CUMTaThb COKpAIllEHHE BEKTOpa BXOJHBIX B MOJIeNIb HMHAEKCOB B IpoOLECCE
pacyera.

Panee npuBeneHHBIM aIrOPUTM HA OCHOBE MCKYCCTBEHHBIX HEHWPOHHBIX CETEM
MoKazaja MpHeMJIeMOe KadeCTBO MOJEIMPOBAHUS, OJHAKO BpeMsi pabOThl TaKoro
aJAropuT™Ma 3HAYUTEJIPHO BapbUPOBAJIOCHh B 3aBUCUMOCTH OT KOJMYECTBA BXOHBIX
curHasioB [JIyoxoB u ap., 2016, JlyobkoB u np., 2017]. B cnydae, ecnu BXOAHBIX
curHajoB ObuUIO OoJbiie 20, pacyeT MPOU3BOAMIICS MO BPEMEHHM OT HeIeNnu U Ooliee.
[Ipy 3TOM MpaKTUYECKU BCETAa CYILIECTBOBAJIM HEUPOHBI, KOTOPhIE HE BXOJWJIW HU B

onuy n3 20 myumux xkoHctpykiuid HC (cMm. maparpad 3.4). B cBs3u ¢ 3TuM, anroputm
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Monenu ObuT opaboTaH B CTOPOHY OIICHKM "BaKHOCTH' HEWpPOHA BXOMHOTO CIIOS U
YBEIMYEHHS] CKOPOCTH MPOU3ZBOAUMBIX PACUETOB.

Jlns ompeneneHust  "BaXKHOCTU'" WHJIEKCOB, mojaBaembix Ha Bxox HC, Obun
pa3paboTaH aJrOpUTM HAKOMUTENbHOHM OlleHKH. Kak ObLIO OTMEUEHO B MPEAbIayIeM
naparpade, Mouenb B Ipoiiecce paboThl nepedupaia Bce BO3MOXKHBIE KOMOWHAIIUU
BXOJIHBIX CUTHAJIOB C Pa3JIMYHBIM KOJIMYECTBOM HEMPOHOB CKPBITOrO ¢iost oT 3 10 18. B
nporiece nepedopa 3TUX KOMOMHAIIUKM ObUT JI00aBJIeH HEKUH MOPOTOBBIM KOI(PPHUIIMEHT
Koppemsiiuu. B Hadae paboThl MOIEIN BCEM BXOIHBIM WHICKCAM IMPHUCBanBAIOCH (
OoamioB. B cimydae, ecnu Tekyimias TeHepalus Mocjie OOydeHHs KOppelupoBaja ¢
TECTOBO BBIOOPKON € KOIPGUIIMEHTOM, MPEBBIIMIAIONIMM BBHIOPAHHYIO TOPOTOBYIO
BEJIMUMHY, — KaXJIOMY HHJCKCY, BXOJASIIEMY B TEHEpaluio, mpucBauBayics 1 Oam.
Takum oOpaszom, I KaXJ0ro HMHACKCAa HakKalIuBaluch Oamnbsl "BakHOocTH". Korma
JUTMHA BEKTOpa BXOJIHBIX HEHPOHOB 1 YBEJIIMYMBAJIACh HA €IMHUILY, HHICKC, KOTOPHIN
HaOpaj MEHbIIIE BCero 0ayioB, UCKIIIOYAJICS U3 YKMCIIa BXOJAIIMX B MOJEIb UHJICKCOB U
OoJbIlIe HE BXOJAWJ B TeHEpallMu BXOAHOTro Bekropa npeaukropoB HC. B pesynbrare
CJIOKHOCTh MOJIETU TTOHMKAJIach, a C HEH U YMEHBIIAJIOCh BPEMS pacueTa porHo3a.

Kaxxnplii pa3, Korjga JuyiMHAa BEKTOpa BXOJHBIX HEHPOHOB 1 yBEIMYHMBAjach Ha
€IMHUILY, BBITIOJIHSJICSA aJTOPUTM UCKIIFOUEHUS! MHAEKCA ¢ MUHUMAJIbHBIM KOJUYECTBOM
0aioB, 10 TE€X MOP, MOKA YUCIIO aHAJIU3UPYEMbBIX WHJIEKCOB, U3 KOTOPBIX COCTABIISIOTCS
reHepanuu BXOAHbIX HeilpoHoB HC, He cocTaBwiio 3apaHee 3aJaHHOE KOJIHMYECTBO.
OntumanbHO — 3TO0 15 wWHAEKCOB (3amaeTcs Mo KenaHuio). llpumMuThBHAs cxema
aNropyuTMa HCKJIOUYECHMUS "HE3HAUYUMBIX" WHIAEKCOB M3 MOJICIA NPEACTaBICHA HAa PUC.
3.13

Tako moOAXO0J JaeT BO3MOXXHOCTh HE TOJBKO BBISIBUTH aTMOC(EpHbIE U
OKEaHWYECKUE CUTHAJIbI, KOTOPbIE HE OKa3bIBAIOT CYIIECTBEHHOI'O BIUSIHUS HA KAYECTBO
MOJICTTUPOBAaHMsI, HO W OOpaTUTh BHUMAaHWE Ha CHUTHAJIbI, HAaOpaBIIWe HauOOJbIIee
KOJINYECTBO OAJIOB "BaKHOCTH'".

[IpenyioxkeHHBIN  aNITOPUTM  OBLT  TPOTECTUPOBAH HA OCHOBE MOBTOPHOTO
MOJICJIMPOBAaHUS  paHEEe  CMOJCIMPOBAHHBIX  BEJIMYMH CTOKa peku  JlyHawu,

OImyOJIMKOBaHHBIX B pabote [JIyOkoB u ap., 2016]. Oka3anock, 4To yAaJIeHHBIC UHEKCHI
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JEHCTBUTENILHO HE BIMAIOT Ha PE3yJbTaT MOJCIMPOBAHMS: HA 3Tare COPTUPOBKH IO
K03 dUIIMEeHTY Koppessnuu Ha oOydaromiei BeiOopke B syuimue 20 koHctpykuuid HC
MOTIAJIM T€ K€ CaMble KOHCTPYKIIMM MOJENH, YTO U 0e3 MPUMEHEHHS MPEII0KEHHOTO
JITOPUTMA.

Takum o00pa3oMm, eciM KOJUYECTBO WMHJIEKCOB, MPH KOTOPHIX AaJTOPUTM
NepecTaHeT HUCKIoYarTh "He3HauuMmble'", paBHO 15, TO CIOXKHOCTH MOZEIHM B CIy4yae
HCIIOIb30BaHMs 22 BXOMHBIX MHCKCOB (CTOJBKO OBLIO BBHIOpaHO B padote [JIyOkoB u
ap., 2016]) cokpatuthes B 34.1 pasa, u B cinydae 18 unaekcos — B 7.3 pasa.

[Tomrmo peanu3anyi W3JI0KEHHOTO BBHIIIE QJITOPUTMA, KOI MOJAETH OBLI
ONTUMH3UPOBAH, a TAKKE CKOMITUIUPOBAH B 64-OMTHOM KOMITHIIATOPE, YTO COKPATHIIO

BpEMs PacueToB €Ile MPUMEPHO B 2 pasa.
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Pucynok 3.13 — Cxema paGoThI aJIrOpUTMA UCKITFOUEHUS BXOHBIX B MOJICITh HHICKCOB.
Irecr — KOOQQUIUEHT KOPPEIALMU TEKYILLEH FeHEpalK Ha TECTOBOM BBIOOPKE, Topor —

K03(p(pULIMEHT KOPPEIALUU TOPOTOBOTO 3HAYEHUS (3a1a€TCsl UCCIIEAOBATEIIEM).

3.6. lekoMno3uuysi MCXOIHOT0 CUTHAJIA U MO/IeJIMPOBaHME HU3KOYACTOTHOM

KOMITIOHCHTBI

Pa3noxenue HCXOOHOTO psaaa Ha HCECKOJIBKO CTATUCTHYCCKHM HCECBA3AHHBIX

KOMIIOHCHT MW HX M[OCJICAYyOmece OTACIbHOC MOACIMPOBAHUC  IIPCAIIOIAaracTt
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WCITOJIb30BAaHUE HECKOJBKUX HA0OpOB HWHACKCOB, IMOJABAEMBIX ISl MOACIUPOBAHUS
KaKJIOW KOMIIOHEHTHI. Takol MOAXOJ MO3BOJUT 3HAYUTEIBHO YBEJIMYHUTH KOJIMYECTBO
UCIIOJIb3YEMbIX UHJIEKCOB U, CJIEI0BATEIbHO, YIYUIIUTh KAYECTBO MOJICTUPOBAHUS.

N3 [Enfield, Mestas-Nunez, 1999] u3BecTHO, 4TO OKEaHMYECKHE IapaMeTphl
MMEIOT HECKOJIBKO MOJI IOJTONEPUOJHON M3MEHUYMBOCTH, CPEAN KOTOPBIX OCHOBHBIMU
cuntatorcs AMO [Knight at al., 2006; Schlesinger, Ramankutty, 1994] ¢ TunuuHsIM
nepuoaom 60-70 ner, TJO [Mantua at al., 1997; Zhang at al., 1997, Maslova at al.,
2017] ¢ KxBa3W-IBAAIIATHICTHUM BPEMEHHBIM MACIITA0OM M MEXTOJOBBIC KOJICOAHUS
CAK, DHIOK u ap. [Voskresenskaya, Polonsky, 1993; Trenberth, Caron, 2000] ¢ 2-7-
JIETHUM TIEPHOJIOM YepelOBaHUSl JKCTPEeMalbHBIX (ha3. DTO OCHOBHBIE PEKHUMBI
100aNbHOW KIIMMATUYECKOW CUCTEMBI, MMPUCYIIHE KaK OKeaHy, Tak u atMocgepe. [lpu
9TOM B aTMOCQEpHBIX MOJISAX BBIACIICTCS 0oJjiee NECSITKAa PEKUMOB C BPEMEHHBIM
MacmTaboM OT HECKOJIbKHMX MECSIIEB /10 HecKoJibkux JieT [Barnston, Livezey, 1987;
Wallace, Gutzler, 1981]. CrouT Takke OTMETUTH, YTO B IHEPrE€THUECKUX CIIEKTPAX
TIIO B paitonax uHAEKCOB Nino 3HAYUMbIE MUK OOBIYHO OTMEYAIOTCS B JUANIA30HE OT
2 no 7 net (x npumepy, [ Torrence, Compo, 1998; Voskresenskaya, Polonsky, 1993].

OOBIYHO TIOJT IEKOMITO3UITMEHN TTOIpa3yMeBaeTCs pa3ioKeHUe psila Ha HECKOJIBKO
KOMIIOHEHT, OCHOBHBIMM M3 KOTOPBIX SBISIFOTCS TPEHJ, CE30HHAs HW3MEHYUBOCTb,
nepuoanYecKas M3MEHUYMBOCTh W HEKOTOpas HeOoIpejeieHHas KOMIIOHEHTa, Yallle
Ha3blBacMasl «CIIydyalHOW». B Hallem uccieloBaHMH MOJEIMPOBAHUE MPOU3BOAUTCS
OTJEJIBHO ISl KaXJOro Mecslla, YTO HCKJIIYaeT Haiaudue ce3oHHocTu. C ydetom
TUMUYHBIX TIEPUOJIOB OCHOBHBIX KIMMATHUYECKHUX PEKUMOB aTMOC(]epbl M OKeaHa, a
TaKke ¢ yd4eToMm sHepretudeckux crnektpoB TIIO B skBaropuanbHOM 30HE Tuxoro
OK€aHa, MbI TMpeajiaraeM pasjoXHUTh MOJeIUpyeMble HHACKCHI Nino Ha JBe
KOMIIOHEHTBI: HU3KOYaCTOTHYIO (0T 9 JieT) U BbICOKOYACTOTHYIO (10 9 net). [Ipu Takom
pa3zieJIeHUH BBICOKOYACTOTHAsI KOMIIOHEHTa OyJeT BKJIIOYaTh B CeOs BCE 3HAUYMMBIC
vk 3Heprerryeckoro cnekrpa TIIO sxBaTopuanbHOM 30HBI THXOro okeaHa, KOTOpBIE
ABJISIFOTCSL  OCHOBHBIM ~ HMCTOYHUKOM  HEOIPEAEICHHOCTH. B HU3KOYACTOTHYIO

KOMITOHEHTY BOWIYT TpeH0Bas coctapiswomas u 60-, 20- u 10-1eTHsASI ©3MEHYUBOCTH,
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CBOMCTBEHHBIC JUIA ToOambHOM KimMmaTudeckon cuctembl [Enfield, Mestas-Nunez,
1999].

PaznoxxeHue npoBOIUIIOCH C UCIIOIB30BAaHUEM 9-TIETHETO CPETHETO CKOJIB3AIETO
¢bunbTpa. CriaaxeHHbId GUIBTPOM Psil MPUHUMAJICS 32 HU3KOYACTOTHYIO KOMIIOHEHTY,
a pAl pPa3HOCTH HCXOJHBIX M CIJIQKEHHBIX 3HAYEHUM — 3a BBICOKOYACTOTHYIO.
HuszkouactoTHas ¥ BBICOKOYACTOTHAs  KOMIOHEHThl  ObUIM  TMPHUBEACHBI K
KJIIMMAaTUYECKUM aHOMaIHsAM (Kak pasHuna Mexay psaom TIIO u HeKOTOpbIM CpeHUM
MHOTOJICTHUM 3HAQY€HUEM) U HOPMHUPOBAHBI HA CPEAHEKBAAPATUYECKOE OTKIOHECHHE
(CKO), rae CKO u cpeaHee MHOTOJIETHHUE PACCUUTHIBAIKCH 3a miepuo 1981-2010. Otu
JIBa HOBBIX psifia MOJEIUPOBAIUCH B TEKyIIeH padoTe HE3aBHUCHMO JPYT OT Jpyra, a
MOCJIE MOJICIMPOBAHUS BBITIOIHSJIOCH UX CIIOKEHHUE.

JIuCniepCHUOHHBIM  BKJIAJ] HHU3KOYACTOTHOM KOMITOHEHTHI HWHJEKCOB  Nino
OTHOCHUTEJIBHO HE BEJIUK U BapbupyeTcs oT 2% B aHBape 10 13% B BeCEHHHUI CE30H, HO
B cpeHeM paBeH 7%. [IpuMeHenne onrcanHou B 3ToM riaase mojaenu Ha ocHoBe HC He
1eJeco00pa3Ho B BHY OOJIBIIUX 3aTpaT BPEMEHHM HA pPacueThl MPU CPABHUTEIHHO
HU3KOM JUCIEPCUOHHOM BKIane. Jjis MoaenupoBaHusi HU3KOYACTOTHOM KOMITOHEHTHI
OyIeT NpUMEHSThCS TpocTedias U ObICTpas MOJeidb, a WMEHHO, MHO>KECTBEHHAs
nuHenHas perpeccus (MJIP).

MUJIP umeet cranaapthbiii BUA Y' = a;- X +tay Xo+...+a, X, e X — BeIOpaHHbIE
OKEAaHUYECKUE MPEAUKTOPHI, CTIKEHHBIC 9-IETHUM CPEIHUM CKOJIB3SIIUM (UIBTPOM,
a — xodpdunuentel. Cwmpicn MIJIP  3akmrouaercss B Moja0Ope  ONTHUMAIbHBIX
KO3 hULIMEHTOB @, 11 KOTOPOTO UCMOIb30BAJIOCh MUHUMU3AIMS C TIOMOIIBI0O CYMMBI
KBaJIpaTOB PA3HOCTEH MEXKIY MOJECIbHBIM pacueToM U (DaKTUYECKUM 3HaueHueMm. J[is
MJIP npumensuich 22 NpeAUKTOpa, OTOOPAHHBIX Ha ATarle COPTUPOBKH BXOIHBIX B
MoOJeldb HWHIEKCOB. C TPUMEHEHUEM TMOIIArOBOr0 ajropuTMa, MpeI0oKEeHHOTO B
[Venables, 2002], ynanoch ONTUMU3UPOBATH MOJIETh U BBIICTUTH T€ MPEIUKTOPHI, HA
OCHOBE KOTOpPBIX MOJieNIb HauOosiee ycremHa., @OyHKIMOHAIbHAs 3aBUCUMOCTH
MPEAUKTOPOB M HHU3KOYACTOTHOM KOMIIOHEHTHI HMHJEKCOB Nino ObLTa HaWaeHa s
Ka)XJIOro Mecsilia B OTACIBHOCTH. Bee ucnonap3yembie MPeUKTOPhl BEIOPAHBI C yUETOM

3a071arTOBPEMEHHOCTH, paBHOM 24 MecsIam.



109

3.7. O0001IeHHAA cXeMa MOJeJIH

Taxum 06pa3oM, pazpaboTaHHBIC BBIIIE aITOPUTMBI MOKHO OOOOIIUTH B OOIIYIO
CXEMY MOJIENIA, CXEMAaTHYECKH MPOUJUIFOCTPUPOBAHHYIO Ha puc 3.14.

Ha nepBoM sTame nmpou3BOAMIACH JEKOMITO3UIIMS MCXOIHBIX HMHIEKCOB Nino3,
Nino4 u Nino3.4 Ha HH3KOYacTOTHYIO (Oosiee 9 JIeT) U BHICOKOYACTOTHYIO (10 9 JIeT)
KOMITOHEHTBhI. DTH KOMIIOHEHTHI ObUIM MPUBEIEHbI K KIMMAaTUYECKUM aHOMAJUSM U
HopmupoBanbl Ha CKO, mocie 4ero KOMIOHEHThl MOAECIUPOBAIKUCH Pa3TUUYHBIMU
METOJaMH, a TOCJI€ MOJEIMPOBAHUS BBINOJIHAJIOCh UX CIIOKEHHE. BbicOkoYacTOTHas
KOMIIOHEHTa MoJelnpoBaiiachk ¢ ucnoias3zoBanueM MHC, a Hu3kouactrotHas — MIJIP.
Takoil moaxoa 00yciOBIEH HEOOXOAUMOCTBIO PACIIUPUTH KOJIMYECTBO KCIOJIb3YyEMBIX
MOJIENIBIO UHJIEKCOB U COKPATUTh BPEMS pacyera.

MopenvpoBanue  BBICOKOYACTOTHOM  COCTaBIAIONIEH  WMHAEKCOB  Nino
ocymectBisuioch (puc. 3.14, sran 3) ¢ mnomompio MHC mpeacraBineHHOU
MHOTOCJIOWHBIM ~TEPCENTPOHOM C OOHUM CKPBITBIM cJoeM. BbIXogHOUl cioif
IIPEACTABIICH JIMIIb OJHUM HEWpoHOM. DyHKIusA aktuBauuu HeupoHoB MHC —
curmousianbHas OunosspHas f(x) = tanh(Px). BeiOpannas apxuTekTypa HEHPOHHOMN
ceT OblIa MapaMeTPU3UpPOBaHA: BBIOPAHBI CKOPOCTh OOYy4YEHHUS, MOJSPU3ALMS U
3HAQYEHUSI CTapTOBBIX BECOB CBsI3€M HEUPOHOB. [l KOPPEKTHOro peneHus
MOCTAaBJICHHONW B paboTe 3ajaud, a UMEHHO, MOJEIUPOBAHUS KOPOTKUX PSIIOB, OBLIU
UCIIOJIb30BAaHbl UTEpalMy oOydwaromeid BBIOOPKM M pa3paboTaH crneuupuyecKuit
ITOPUTM 00YUYEHUS JUIsl TAKOTO MOJIX0/1a.

[IpoBeneHO MHOXKECTBO TECTOB pa3paOOTAHHOTO si/ipa MOJEINHU, B XOJ€ KOTOPBIX
nokasaHo, yto HC cnoco6Ha ¢puinbTpoBaTh IIyM, NMPUCYTCTBYIOUIUN B MOJEIUPYEMOM
XapakTepucTuke. B To xe Bpems, mrym, n1o0aBieHHBIA K BXOAHBIM curHajgam HC, He
bunsTpyerca. Ilpu OTCYyTCTBMM OJHOTO W3 BXOJHBIX CHUTHAJIOB  KayeCTBO
MOJICTTUPOBAHUS YMEHBIIAETCSI, @ OTCYTCTBYIOIIMM CUTHAJ HE BOCIIOIHSETCS. B CBsI3U C
STUM BaKHO OYE€Hb BHUMATEIHHO TIOJIONTH K BOTIPOCY BbIOOpa MpeaukTopoB (puc. 3.14,

aTar 2), yeMy U MocBsIIeHbl maparpadsl 2.2 u 2.3.
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OcCOOEHHOCTBIO TPEJI0KEHHON MOJEIU SIBISETCS HMCIOJIb30BaHUE HA BXOJIE
KJIMMAaTHYECKUX HWHJIEKCOB, KOTOPBIE CBSI3aHbl CTAaTUCTHUYECKHM C MOJCIUPYEMBIM
apaMeTpoM C HEKOTOPHIM BPEMEHHBIM CABUIOM OT 1 mecsua. B xome TectupoBaHus
saipa MOJIEIM Ha IpUMepe MOCIMPOBaHUSA pacxoja cToka p. JlyHai Obula mokaszaHa
HEO0O0XO0IMMOCTh MpoBepkr komOuHaii HC ¢ pa3nuyHbIM 4UCIIOM HEMPOHOB CKPBITOTO
cinosi. B Bumy mynbTukoUIMHEapHOCTH BxoAHBIX B HC uHIEKCOB ObLT IMPUMEHEH
MHOKECTBEHHBIN MOJAX0a K TMoucky Hawrydmmx 20 komounanuii HC, cpennee
3HQYEHHE KOTOPBIX SBJISJIOCH PE3YJATATOM MOAECIMPOBAHUS BBICOKOYACTOTHOM
COCTAaBJISAIOIICH.

HwuzkouacTtoTHass cocraBismomas MoOJeIUpoBaIach ¢ nomombo MIJIP, rae
INPEAUKTOPAMHU CIY>KUJIM CIIIaKeHHbIE 9-1eTHUM (uibTpoM uHAekchl TIIO, umeromue
CTaTUCTUYECKYIO CBSI3b C MOJICIMPYEMBIM MapaMEeTPOM CO cIBUTOM OT 1 Mecsiua 10 10
net. Pe3ynbTaThl MOJICIMPOBAHUS JBYX KOMIIOHEHT CKJIAJBIBAINCh U PACCUUTHIBAIUCH
nporHocTuueckue uHaekcel Nino (puc. 3.14, stan 4).

KadecTBo pacuera Mojien OLIECHUBAJIOCh B CPABHEHUHU ¢ KOHTPOJIBHOM BHIOOPKOMA
(2007-2022). 151 Takoi OUEHKH UCTIOIb30BAIUCH CIEAYIOIINE HHCTPYMEHTBHI.

1. Koppensauus [upcona:

cov(x; y;
r = SV (3.21)
OxOy
ra€¢ oy U Oy — CPEAHCKBAAPATHUUECCKHUEC OTKIOHCHUA BBI6O OK X H , KOTOPBIC
y

MPECTABIIAIOT COOOM pe3ybTaT MOJICTUPOBAHUS U HAOIIOJaeMbIe 3HAUCHUS.
2. CpeHEeKBaIpaTUUECKOE OTKIIOHEHUE MOJICIIbHBIX JJAHHBIX OT JEeHCTBUTEIBHBIX

(Root-Mean-Square-Error unmu RMSE):

RMSE = /@ (3.22)

r7ie n — JJIMHA psiga KOHTPOJIBHOM BRIOOPKH, X; — MOJIENb, Y; — HaOJ01aeMast BEJIMYHUHA,
1 — T'0Jl KOHTPOJIBHOM BBEIOOPKH.
3. Otnomenue RMSE k cpegHekBaapaTHYECKOMY OTKJIOHEHHIO HAOJI0IaeMOTO

psana (CKO wunu 6):
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_ (=1 E(xi—yi)?
RMSE /o = \/ TS (3.23)
rie y — cpeaHee HaOJII0JaeMOro psjia. 3HAYUMBIM pe3ysbTaT OMNpeNesseTcs, €Clu
RMSE/c mensme 1 (to ectb RMSE>0).

Index-1 | ACAMOIS PaccuuTanHas
Bricoko- lndex-2 2 u3 20 BEICOKO:
4acToTHas
yacToTHas Index-3—>4 3 Ayqmux |~
. KOMIMOHEHTA
KOMIOHEHTA : .. . reHepanui
T Index-N, [ 18 HC
*myyuaie
I18usN,
THO Paccuntannas
(naHHblE ) TITO
COBESST)
l Index-1 | [
3 Index-2
Higino 2 PaccuuTtannas
4acToTHAas Index-3 — T MJIP HU3KO-
KOMMOHEHTA
e 9 yacToTHAs
Index-N, ,* KOMMOHEHTA
< Kmyaume
9 usN,

Pucynok 3.14 — Cxema nipeyiaraeMoit Mmojienu: 1) 1€KOMITO3HUITHS MOJICTUPYEMOTO
psna; 2) npeaBapuTesbHas 00padoTKa JaHHBIX; 3) MoaenupoBanue; 4) Pesynbrars

MOJICTTMPOBAHUA U IPOBEPKA

BriBoanl k I'i1aBe 3

B TI'maBe 3 mnoapoOHO omMCaHbl AIrOPUTMbl U MapaMeTpbl MpeasiaraeMoi
IPOrHOCTUYECKOM MOJEIU, B OCHOBE KOTOPOM JIEXKUT MHOTOCJIOWHBIA NEPCENTPOH.
OCHOBHOM psAJT BBIBOJIOB MOKHO MTOABITOKUTH CIIEIYIOIIUMH MOJIOKEHUSIMU.

I. TecTbl Ha HMCKYCCTBEHHO CO3JAaHHBIX pPSAAaX MNaHHBIX YKa3aJld Ha BEPHYIO
cOOpPKYy MaTeMaTH4YeCKOTO ajropuTMa MOJENH, a TaKKe MOATBEPIUIN HU3BECTHBIC
0COOEHHOCTH HEMPOHHBIX CETEH.

2. MoaenupoBaHue pealbHbIX JIaHHBIX, & UMEHHO, CTOKa peku JlyHail, momMorio
BBISIBUTBH IPOOJIEMBI C KOJIMYECTBOM U KQU€CTBOM HEMPOHOB BXOJHOTO U CKPBITO CIIOEB.

B pesynbrate npeiokKEeHO HCMOIb30BaTh MHOXKECTBEHHBINM Mepedop KOHCTPYKIUN
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HEHPOHHBIX CETeH JUIsl JOCTIKEHUS HAWIYYIIer0 MOJEIBHOTO pe3yiabTaTa U TpHU
KJIFOUEBBIX BRIOOPKHU JaHHBIX: 00YyYarOIIy10, TECTOBYIO U KOHTPOJIbHYIO.

3. OntuMu3anus MOJEIIN MO3BOJIWIA YCKOPUTh €€ KaK MUHHMYM Ha MOPSIIOK.

Pesynbratel ['maBel 3 onyOnukoBansl B 11  Hay4dHO-MCCIEAOBATENIbCKUX
KypHajaX, CeMb M3 KOTOpbhIX BxonaaT B 0a3el gaHHbIXx Web of Science u SCOPUS
[JIykoB, 2016; Jlykos, 2017; Lubkov, 2019; Lubkov, 2020; JIyoxos, 2022; Lubkov,
Vyshkvarkova, et al., 2024; Lubkov, Voskresenskaya, et al., 2024] u tpu B PUHI]
[JlyoxoB, 2013; JlykoB, 2021; JlyokoB, 2022]. Pesymbrarbl 5Toii ['1aBel ObutH
M3JI0KEHBI Ha 14 MEXIYHapOIHBIX W BCEPOCCHUCKHX HAYYHO-HCCIEAOBATEIBCKUX H
HAyYHO-TIPAKTUYECKUX KOH(DEPEHIUSX.

PacumdpoBka onmyOIMKOBaHHBIX padoT.
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IJIABA 4. IPUMEHEHHME PA3SPABOTAHHOM MOJIEJIM JIJISI IPOTHO3A
JIb-HUHBO U JIA-HUHbA U UX TUIIOB

B »T0li rnaBe mocnenoBaTeIbHO PACCMOTPEHBI AKCIIEPUMEHTHI MOJACIUPOBAHUS
OHIOK, ornieHeHa BOCIPOU3BOAUMOCTD siBJIcHUM iab-Hunbo u JIa-HuHbS U X TUIIOB,
BBITIOJITHGHO CPaBHEHUE PETPOCHEKTHBHBIX MPOTHO30B pa3pabOTaHHON MOIETH C
MOJICJIAMU ~ BEAYIIUX  KIMMATUYECKUX I[EHTPOB U  MEPEAOBBIMU  MOJICIISIMU
MCKYCCTBEHHOTO MHTEJUICKTA U JaH YCIEIIHbIM MpOorHo3 nocieanero Dib-Hunbo 2023
rojaa. PaccMoTpeHO MpoOMeKyTOUHOE HUCCIIEIOBAHUE O MOJEIMPOBAHUU MHIEKCOB NIno
C  HUCIOJb30BAaHHEM  TOJBKO  aTMOC(HEpPHBIX  NIPEAUKTOPOB W (puHAIBHAS
nporuoctuueckas mozenb cocrtosuus DHIOK ¢ ucnonp3oBaHueM Kak TJI00adbHBIX
aTMOC(EpHBIX, TaK M OKEAHHYECKUX IPEAUKTOPOB. 3aTE€M B ITOM TJIaBe IPHUBOIUTCS
aHaJIU3 MPEAUKTOPOB yCIemHbIX KOHCTpYKIMii HC, Ha 0CHOBE KOTOPOTO BBIJIBUTAIOTCS
npeanoyiokeHuss o  BaussHuM  CeBEepHOro  MOJyLIapus Ha  MHTEHCU(HUKAIUIO

skcTpemMaibHbIX (ha3 DHIOK.

4.1. Bocnpou3zBoaumoctb HHAEKCOB Nino ¢ NpuMeHEeHHUEeM TOJIbKO

aTMOC(epPHBIX NPEAUKTOPOB

JIns Hadana paccMOTpUM BO3MOXKHOCTh MojenupoBanus DHIOK u ux Thmnos c
UCIIOJIb30BaHUEM aTMOC(EpPHBIX NPEAUKTOPOB MO BCEMY 3eMHOMY Mmapy. B stom
HKCIIEPUMEHTE NPEIUKTOPBI BHIOUPAIUCH TOJIBKO Ha OCHOBE aTMOC(EPHOro peaHaan3a
NCEP/NCAR. O6nactd, B KOTOPBIX PAaCCUMUTHIBAINCH KIMMATUYECKHE WHICKCHI,
NpUBEAEHBI Ha puc. 2.6a u 6 panee. Habopsl naHHBIX OBUIM pa3ziefieHbl Ha 3 BBIOOPKHU:
obOyuarortyto (1950-1979 rr.), TectoByro (1980-2009 rr.) u kouTpossnyto (2010-2019
IT.). B 3TOM 3KCnepuMeHTe HE MNPOM3BOAWIACH JACKOMIO3ULMUSA MOJEIUPYEMOTO
WHJEKCa, a JJig MOJICIIUPOBAHUS TMPUMEHSIIUCHh TE€ XK€ aJTOPUTMbI, YTO W IS
BBICOKOYACTOTHOM COCTABJIAIOIIECH M3 CXeMBbI Ha puc.3.14.

Bo3mokHOCTh IporHo3upoBaHusi uHaekca Nino 3.4 mpoBepsuiach ISl KaxKIoro

MecsIa B OTACIBHOCTH C PA3IMIHOM 3a0J1aroBpeMEeHHOCTBIO OT 3 10 9 Mecsnes. Jlus
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KOHTPOJIBHOTO Tepuoja OblUIM paccuuTanbl Kodd¢uiumeHtsl koppemsiuud, RMSE u
ornouieHue RMSE/c. CKO (o) paccuutsiBasiocs 3a nepuoa 1950-2019rr. Ha puc. 4.1
MPUBEJICHBI JUArpaMMbl, WLUTIOCTPUPYIOIINE 3aBUCUMOCTh MeECSIa MPOTHO3a U €ro
3abnaroBpeMeHHocTd oT RMSE (puc. 4.1a) RMSE/c (puc. 4.16) u r (puc. 4.18B). Jdns
yno0cTBa omucaHus jaainee OyaeMm ucmosib3oBath o6ozHaueHus HC-3, HC-5, HC-7 u
HC-9, 4to COOTBETCTBYET MOJEIBHBIM pacueTaM C BO3MOXHOCTBIO IPOTHO3a
3abyiaroBpeMeHHo 3a 3, 5, 7 u 9 MecsieB coorBeTcTBeHHO. Ha puc. 4.1 Bugno, yro HC-
3 MOKa3bIBAET BBICOKOE Ka4eCTBO MOJEINPOBaHUS UHAECKcA Nino 3.4 ¢ aBrycra no Mau
(k03 dunment koppensiuuu r Haxoaurtces B npeaenax ot 0.83 no 0.98, RMSE/c — 0.51-
0.68), B TO Bpems Kak ISl ABYX JIETHUX MECSIIEB — UIOHS U MIOJS — KAYECTBO HIKE (T —
0.56 u 0.63, RMSE/c — 0.75 u 0.81, coorBercTtBeHHo). llpu yBenuueHuun
3a0JarOBpEMEHHOCTH TTporHo3a Ha aBa Mecsa (HC-5), kauecTBo MoJienu CyIecTBEHHO
HE U3MEHMIIOCH JIJIA MecAIeB ¢ OKTsI0ps mo anpens (r — 0.78 - 0.95, RMSE/c — 0.54 —
0.75). o cpaBuenuto ¢ HC-3 xyxke cTanu BOCIIPOU3BOAUTHCS aBIYCT U CEHTSOPb: IS
ATUX MECSIIEB, a TAKXKE MIOHS U MO KOA(DPUIIMEHTHI Koppensiuu coctaBisatoT 0.57-
0.63, a RMSE/c — 0.81-0.94. HC-7 xopo11o BOCIPOU3BOJUT MSATh MECSIEB C AeKaOps
mo ampenb (r — 0.88-0.94, RMSE/c — 0.57-0.77). Mecsupl ¢ HI0OHS 1O HOSIOPH
BOCIIPOU3BOIATCSA HEecKobKo Xyxke (r — 0.76-0.59, RMSE/c — 0.91-0.78). Ilpu stom
XYK€ OCTaJIbHBIX MECSIIEB BOCIIPOU3BOUTCS UIOHB: BEJIMUMHA KOPPEISILMOHHOU CBSI3U
qutst Hero paBHa 0.51. PaccmaTtpuBasi BO3MOXKHOCTH 3a0J1arOBpEMEHHOCTH MPOTrHO3a Ha 9
MECSIIIEB, MOJYYMIIOCh, YTO TOJBKO JBa Mecslla — MapT U anpesib, MOJACIUPYIOTCS Tak
K€ XOpOIIOo, KaK B MPEABIAYIINX OMHUCAHHBIX MTPOTHOCTUYECKUX BapHaHTaX ¢ MEHbIIICH
3a0maroBpeMeHHOCThI0. [ Hux koadduimentsr koppensiuu paBHbl 0.93 u 0.92,
RMSE/c — 0.77 u 0.69. Monens Xy»ke€ BOCIPOU3BOAUT MECAIBI Mail U C aBrycra Io
deppasrp (r — 0.77-0.55, RMSE/c — 0.70-0.94). Camble HHU3KHE KOpPPEISAIHUH
CBOMCTBEHHBI /I UtOHS U utoiis U paBHbl 0.45 u 0.43 coorBerctBeHHo, a RMSE/c —

0.91 n 0.98.
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Pucynox 4.1 — Jluarpammsi 3aBucumoctu RMSE (a), RMSE/c (6) u koaddunmenta
KOppeJsui (6) OT IPOTrHO3UPYEMOT'0 MecsIla U 3a0JIarOBpeMEHHOCTH MTPOTHO3a

naaekca Nino 3.4

Ha BTOpOM 3Tamne mno moiay4yeHHbIM C MOMOIIBbI0 HEHPOCETEBOIO MOJICIUPOBAHUS
unaekcam Nino 3.4, Nino 3 u Nino 4 ObuM BbIIEIEHBI U TUU3UPOBaHbI coObITHS DH n
JIH ¢ 1950 mo 2019 rr. ¢ BO3MOKHOCTBIO 3a0JIarOBPEMEHHOT0 MTPOTHO3a MOJIENbIO 3a 3,
5, 7 u 9 mecsnes (tabnunua 4.1). [lonyuennoe xkonumuectso OH u JIH BT u LT Tumnos
OBLIIO TOCYMTAHO JIJII 00YUYaFOIIETr0, TECTOBOI'O M KOHTPOJIBHOTO TIEPHOJIOB M MPOBEICHO
CpPaBHEHHE C dTUMHU COOBITUSIMU W THUIIAMH, TIOJIYYCHHBIMHU YK€ TI0 peallbHbIM JIaHHBIM
maccuBa HadISST. PaccMoTpuM OTAEIBHO KaXK/IbIi IEPUOI.

ITepBoiif, oOywaromuii, mepuoa. B 3TOT OTpe30K BpeMEHH MOJICIb BBIICISICT
mutraue coObituss DHIOK. Jli1g Bcex MPOTHOCTUYECKUX PSAZIOB € 3a071arOBPEMEHHOCTHIO
3,5, 7 n 9 mecsareB BoIACIICTCA TOJIBKO OJHO auimmHee coObitie DH 1979-1980 rr.,
kotopoe onpeaeneHo kak BT tun ana HC-3, HC-5, HC-7, u kak HT tun gns HC-9.
OpmHako BBIACISIETCS M MHOTO HecyllecTByOmuX coObituil Jla-Hunbs (Tabnuna 4.1).
DT0 MOXKHO CBSI3aTh C TEM, YTO B MOJICIH MPOOJDKUTENbHBIE coObITHS JIH (K mpumepy,
1970-1972 u 1950-1951) unentuduuupyroTcs Kak aABa OTACIbHBIX siBleHUs. [ToMumo
TOro, BhIACIeHHbIE Mojienbio JIH 1961-1962 (HC-3, -5, -7, -9) u 1967-1968 (HC-3, -5)
HE OMPEJIENSAIOTCA 10 pealbHOMY UHIeKCy Nino3.4.

TectoBeiit mepuon. st 3TOro mepuoga B IEJIOM KOJIMYECTBO COOBITHM,

BBIJAEJIEHHBIX O MOJEIBHBIM JaHHBIM, JOCTATOUYHO OJIM3KO, OJHAKO 0O0JIee MOJIOBUHBI
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OH BT mognensto onpenenensl kak LT (tabmuma 4.1). Coosrrue OH BT tuma 1997-
1998 rT., U3BECTHOE KaK OJIHO U3 CAMBIX HHTEHCHUBHBIX, 10 BCEM YETHIPEM ITOTYUYECHHBIM
MOJIEIBHBIM PsifiaM UJ€adbHO BOCIIPOU3BOAMUTCS, BKIIKOYAs TUII, MECSI] Hayajaa COObITHUS,
€ro MHTEHCHUBHOCTb U MpoaosnkuTenbHOCTh. [lo psamam HC-3 He upentuduumpyercs
coobrte DH LT tuma 2006-2007rr. C yBenuyeHHueM 3a0J1arOBpeMEHHOCTH TPOTHO3a
10 7 mecsiueB U Bbiie He Bbiaensercs coobitue OH 2004r. B cnyyae ¢ JIH Beinensiercs
auiHee coObiTHe 1996-1997 r1r. (Mo MozensM ¢ 000K 3a01aroBpeMEHHOCTBHIO) H
coositue 1981 r. (myst HC-3, -5, -7). nss HC-7 otmeueno cnusnaue asyx JIH 1983-1984
1 1984-1985 rr. B oxHo. I1o psagam HC-5 u HC-9 Takke BbIAEnseTCS HECYIIECTBYIOIIEE
coowrtue JIH 2008-2009 rr.

Kontponbubiii nepuon. B kontponbnblii nepuon (2010-2019 rr.) Bomwm 3
coobrtust JIH u 2 OH (tabnuna 4.1). Pe3ynbrarsl BOCIPOU3BOJIMMOCTH HUHJIEKCa Nino
3.4 nns 3TOro OTpe3Ka BPEMEHU NPOJIEMOHCTpUpPOBaHbI Ha puc. 4.2. 1o MonenbHbIM
nanaeiM HC-7 u HC-9 Beienserca HecyuiectBytouiee coobitue OH 2012 r. BT Tuna.
[Io Bcem 4eThIpeM MOJEIBHBIM pacdyeTaM XOpOIIO IMPOTHO3ZUPYETCS COObITHE Iib-
Hunro 2014-2016 rr. BT tumna (puc. 4.2). Takxke X0opouio BOCIIPOU3BOIUTCS TOCJIEIHEE
coopitue OH T Ttuma 2018-2019 rr. B cayuasx HC-3, -5 um -7, omHako ¢
3a0JaTOBPEMEHHOCTEI0O B 9 MecsleB 3T0 coObITHE Yyke He mnporHosupyetcs. [lo
MOJICIBHBIM pacueTaM UACHTUPUIIUPYETCs HECKOJIbKO coObITuit JIH, KoTOphle HE OBLIH
BBIJICTIEHBI MO peanbHOMy uHAEKCY Nino 3.4. Ilo pamam HC- 3, -5 u -7 Bblgensiercs
mumHee JIH BT tuna 2013-2014 rr. IIpu stom, no psgam HC-5, -7 u -9 Belaensiercs
coobrtne JIH 2016-2017 rr., kotopoe He uneHtuduupyercs no maccupy HadISST,
OJIHAKO ATO COOBITHE OBLJIO 3aPETUCTPUPOBAHO IO CHYTHUKOBBIM JIAHHBIM M IO
pexoHcTpykiunoHHomy MaccuBy COBE SST [MapuykoBa u gp., 2016], a Ttakxke
npeacraBieHo Ha oduruanbHoMm caiite  NOAA  (HamuwonaneHoe —ymipaBlieHue
okeaHndeckux u atMmochepHsix uccneaosanuii, CIIA). JIH 2010-2011rr. HC-3, -5 u -7
BoCIpon3BoAsAT kKak BT tum, a pgarel Havama atoro JIH He coBmamaror ¢
JIEUCTBUTEILHBIMU: B MOJICTLHBIX pacueTax HaOoIaeTcs 3ama3fblBAaHUE COOBITHS.
Taxxe JIH 2011-2012 ne Beipensercs B nporHoctuueckux pacuerax HC-5 u HC-7 kak

OTACIBbHOC ABJICHHUC.
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Tabmuma 4.1 — KommaectBo cobwitrit Jla-Huubst u Onb-Hunbo LT m BT tumos mo
maccuBy HadISST u HeitpocereBoit moaenu ¢ 3adiaaroBpemennoctsio 3 (HC-3), 5 (HC-

5), 7 (HC-7) u 9 (HC-9) mecsiues mis nepuogos 1950-1979, 1980-2009, 2010-2019 rr.

neproxt | OH BT | DH T | JIH BT | JIH I[T

1950-1979 | 7 2 3 3
HadISST | 1980-2009 4 5 3 5
2010-2019 1 1 1 2
1950-1979 | 8 2 6 3

HC-3 | 1980-2009 5 3 5 4
2010-2019 1 1 2 1
1950-1979 | 8 2 7 4

HC-5 | 1980-2009 7 2 4 6
2010-2019 1 1 4 0
1950-1979 | 8 2 4 3

HC-7 | 1980-2009 6 2 3 4
2010-2019 2 1 4 0
1950-1979 | 6 2 4 4

HC-9 | 1980-2009 6 1 5 6
2010-2019 2 0 2 2

!
1
\
J

-2

| i | i i | i | i 2
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Pucynox 4.2 — MonaenpabIif nagekc Nino 3.4 ¢ 3a01aroBpeMeHHOCTRIO TTporHo3a 3 (a),
5(6),7 (8) 19 (e) mecsiuieB (KpacHBIN MYHKTUP), U HaOmogaeMbiit Nino 3.4 (uepHas

CIUIOLIHAS JIMHUS) 32 KOHTPOJbHBIN nepuox 2010-2019
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Jlanee ObLIO MPOBEACHO PETPOCHEKTUBHOE MPOTHO3UpOBaHHUE 3a nepuoa 1872-
1947 rr. Jlns sTOrO mpHBICKATHCH JaHHBIE aTtMocdepHoro peananmm3a 20CR
cienyrouuM obpazom. KimMartuueckue WHAEKCHI, TMOJaBacMble Ha BXOJA MOJIEIH,
MEPECYUTHIBAIIMCH N0 AaHHBIM peaHanu3a 20CR, nmpu 3TOM ONUCaHHBIN BBIIIE PacyeT
MOJIETIN HE MEePECUUTHIBAJICS 3aHOBO. TakuM oOpasomM, nepuof 1872-1947 rr. sBusercs
JOTIOJTHUTEIHLHOM HE3aBUCUMON BBIOOPKOW. CTOUT OTMETUTh, YTO CTAaTUCTUYECKas
00eCneueHHOCTh JAaHHBIX, HA OCHOBE KOTOpBIX co3naBajics peananus 20CR, B srtor
Nepuoj 3HAUYUTEIIbHO MEHbIEe, 4YeM B COBpeMeHHbIN. CleoBaTebHO, KaueCTBO
BOCIIPOU3BEAEHUS TUAPOMETEOPOIOTHUECKUX MOJIEH peaHaIu30M 3TUX JIBYX NEPUOJIOB
3aBeIoMO OTiinYaroTcs. [loMrUMO 3TOro, anropuTMbl YCBOEHHUS JAHHBIX pEaHAIU30B
20CR u NCEP/NCAR oTiMuarTcsi, 4TO MPUBOJUT K HEKOTOPHIM Pa3IUYHsIM B MOJIAX
reonoreHnuana [Xu, Powell, 2012], Ha ocHOBaHMH KOTOpPBIX B pabote
pacCUMTHIBAIOTCA HMHACKCHL. [loaTOMy mpW aHamu3e pe3yibTaTOB MOJCTUPOBAHUS C
ucrosibzoBanueM MaccuBoB 20CR nenancs ynop Oosibliie Ha KAUeCTBEHHYIO OIICHKY.

JIns Hayana OLEHUM HEKOTOPBIE CTaTUCTHYECKHUE XapakTtepuctuku. M3 puc. 4.3
OUYEBHJIHO, YTO HAMJIY4IIEe CXOJCTBO C peaJbHBIM HHJEKCOM HAOJIOMAeTCs MpHU
MIPOTHO3€E ¢ 3a01aroBpeMeHHOCThI0 3 Mecsna. Koppensuus Takoit moaenu paHa (.75,
RMSE — 0.56°C. PeTpocneKTUBHBIN MPOTHO3 ¢ 3a0JIarOBPEMEHHOCTBIO 5 U 7 MeCsIIEeB
CPaBHUTENIBHO XYK€ BOCIpou3BOAUT HHAECKC Nino 3.4. Koppemsius 3THX MOJCIbHBIX
nporHo3oB ¢ uHaekcom Nino 3.4 pasna 0.61 u 0.46, a RMSE — 0.67°C u 0.77°C
cooTBeTcTBeHHO. Ha puc. 4.4 oroOpaxkeH BpemeHHON xoa uHAekca Nino 3.4 wu
MOJICJIBHBIX PAacueToOB C 3a0JaroBpeMEHHOCThIO TporHo3a 3, 5 u 7 wmecsueB. Bcee
rpaduKu CTJIaXXEHbl 3-MECSYHBIM CPEIHUM CKOJB3SIUM (UIbTpoM. BumHo, 4TO
MOJENb ¢ 3a0JIarOBpeMEHHOCTBhIO TIPOrHO3a 3 Mecsla ACHCTBUTEIBHO JTydIle

omuceiBaeT nHaekc Nino 3.4.
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Pucynox 4.4 — Cpennee Tpexmecsiunoe 3HadueHue Nino 3.4 (kpacHas TUHUSA),

nporuosupyemoe 31adenue Nino 3.4 ¢ 3 (myHKTUpHAas JIUHUSA), S (MyHKTUPHAsS JTUHUA) U

7 (cuHSIsl TUHUA) -MECSIYHOM 3a01aroBpeMeHHOCThI0 3a 1872-1909 rr.) u 1910-1947 rr.

[Topor miisa Be16opa Dnb-Hunwo u Jla-Hunbs otmeuen 3enenoit munueit (0.5°C)
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[Ipoananu3upyeM  BO3MOXXHOCTb ~ MOJEIM  MPOTHO3UPOBATH  3apaHee
npuomkaromuyecs: coobitus Dnb-Hunbo u Jla-Hunbs 3a nepuon ¢ 1872 mo 1947. B
Tabn. 4.2 mpuBeneHbl Bce 3aUKCUpoBaHHBIE 3KcTpeManbHble (a3sl DHIOK 3a stoT
nepuosl. B kadecTBe KpuTepus NMPUHUMAIOCH, YTO HHAEKC Nino 3.4 noikeH ObITh
oonbmie/menbiie  yeM  0.5/-0.5°C, a mNpoAOKUTENBHOCTh aHOMAIHMH JOJDKHA
MpeBbIIATh 5 MecsleB. Ecinu Havano siBIeHUsI ONPEAEsIOoCh MOJIETBIO C OTIO3JJaHUEM,
OONBIIMM, YeM 3a0JaroBpeMEHHOCTh MPOTrHO3a, TO CUUTAIOCh, YTO MOJENIb HE
oToOpakaeT ero Hadajao. Takum 00pa3oM, MOIEINb ¢ 3a0JIarOBPEMEHHOCTRIO IMTPOTHO3a 3
Mecsana u3 27 3KCTpeMalbHBIX COOBITUM BOCHPOM3BOAUT 20, YTO COCTABISIET UyTh
oomnbie 74%. [Ipu sTOM OTMETHUM, YTO U3 7 COOBITHI, HAYAJIO KOTOPBIX CMOJCIUPOBATH
HE yJanock, 5 — 310 Jla-Hunbsa. Moaenb ¢ 3a01aroBpeMeHHOCThIO TTPOTHO3a 5 MECSIIEB
U3 27 3KCTpeMabHBIX COOBITHI BOCIIPOU3BOAUT 18, 4TO cocTapisieT yyTh Oosbiie 66%.
a c 3a0maroBpemeHHOCThIO 7 — 14, T.e. moutu 52%. B cimywae mnporHosa c¢
3a0J1arOBPEMEHHOCTBIO0 9 MecseB TOIbKO 9 u3 27 coObITHIl OBUIO UIEHTU(PHUIIMPOBAHO
3apaHee.

Ou4eBHIHO, YTO MPOTHOCTUYECKAsT CMOCOOHOCTHh MOJIEIM HAa 3TOM BPEMEHHOM
MPOMEKYTKE 3HAYUTEIBHO HI)KE B CPABHEHUM C TIPOTHO30M Ha KOHTPOJIHHOM BHIOOpPKE.
[TpuunH 3TOMY MOXET OBITh HECKOJIBKO: UCIIOIB30BaHUE MPU O0YUYEHUU U TTPOBEPKE Ha
ATOM TIEPUOJE Pa3HBIX MACCHUBOB JIaHHBIX, HU3Kas OOECIEUYCHHOCTh OMNEPATUBHBIMU
nanHeiMu peaHann3a 20CR B nepuoa 1872-1947, a Takke HECTALIMOHAPHOCTH MOJICIIH,
KOTOpasi MorJia ObITh OOHApY>KeHa Ha 00Jiee JTUTEIbHBIX MPOBEPOYHBIX MEPUOJIAX.

Takum 00pa3oM, C UCMOJIb30BAHUEM MPEJI0KEHHON MOJETU U KIMMATUYECKUX
aTMOC(EpHBIX HWHACKCOB, HUCIOJIb3yEeMbIX B KadyeCTBE BXOJIHBIX JIAaHHBIX, IMOKa3aHa
BO3MOYKHOCTh yCHEHIHOro MojaenupoBaHusi uHjaekcoB Nino 3.4, Nino 3 u Nino 4 ¢
3a0J1aTOBPEMEHHOCTRIO TIPOTHO3a OT 3 710 9 MecsleB W MOJydeHa OIleHKa KauecTBa
MOJIECTUPOBAHUS.

PesynbTaThl BepudUKaUM MOJAEIU [JIs KaXAOT0 Mecslla, IMOJy4YeHHBIE IO
KOHTpOJIbHOM BBIOOpKEe 3a mepuon 2010-2019 rr., mokazamm, 4TO C yBETUYCHUEM
3a0JIarOBPEMEHHOCTH TIPOTHO3a KayeCTBO MOJICIUPOBAHUS YXYIIIAETCsA, OJHAKO, B

I[EJIOM OCTaeTCs Ha YAOBIECTBOPUTENbHOM ypoBHE. Koadduimentsr koppensiuii c
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uHaekcoM Nino 3.4 nmexart B cpenneM B npenenax oT 0.5 mo 0.9. MonenupoBanue ¢
BO3MOYKHOCTBIO 3a0J1arOBpEMEHHOTO NpOrHo3a 3a 3 Mecsla A0 Hayayia COOBITHS
MOKAa3bIBAET CaMOE BBICOKOE KauyeCTBO BOCIpou3BelneHus HHAekca Nino 3.4 s
OoJpIIe YacTW ToJa, KPOME JIETHUX MECSIEB — ISl HMIOHA W UIONS KauecTBO
cpaBHUTENBHO HIKE. [Ipu 3a071aroBpeMEHHOCTH MTPOTHO3a 5 MECALIEB KAYECTBO MOJIETH
CYIIECTBEHHO HE MEHSETCS Ui OOJIBIIEro Mepruoia Toa ¢ OKTAOPS Mo anpesb, HO IJis
UIOHS-CEHTSIOps KadyecTBO BocmpousBeaeHuss Nino 3.4 Heckonbko xyxke. [lpu
3a0J1arOBPEMEHHOCTH 7 MECALIEB XOPOUIO BOCIPOU3BOAUTCS IATh MECALEB, C AEKa0Ps
[0 ampeib W CPAaBHUTEIBHO XYK€ OCTallbHble — ¢ Mas 1o Hoa0ps. Ilpu
3a0J1arOBpEMEHHOCTH TPOTHO3a 9 MecsAlEeB TOJBKO MapT U alpesib BOCIPOU3BOIATCS
TaK JK€ XOpOIIO, KAaK B MPEeAbIAyIIMX HTPOTHOCTUYECKUX CIydasX C MEHbIIEH
3a0J1arOBPEMEHHOCTHIO.

Onenka BocmpousBoaAuUMOCTU coObITHI Onb-Hunbo u Jla-Hunbs ¢ ydetom ux
kinaccudukanuu Ha LleHTpansHO- 1 BocTouHO-TUXOOKEAHCKUI THUIIBI MOKa3ajia, 4To
MOJIeNIb  Jy4llle BOCHPOU3BOAUT coObITHS  Onb-Hunbo. CoObitus Jla-Hunbs
MOJICIIUPYIOTCS XYK€, IPU 3TOM CUCTEMATUYECKOE 3aBblllieHHe KoanyecTBa Jla-Hunbs
YaCTHUYHO CBSI3aHO C TE€M, YTO B CIIy4asX JUIMTEILHOTO COOBITHS, B MPOTHOCTUYECKOM
pacdeTre MoJieNb WASHTU(UIUPYET €ro KakK JBa OTIAEIbHBIX KOPOTKUX COOBITHS, YTO
ABJIIETCSI METOJUYECKUM, a HE IPAKTUYECKUM BOIIPOCOM.

ITo pe3ynpTaramM [AOMOJHUTEIBHOW MPOBEPKH C TMPUBJICUYCHUEM JAHHBIX
peanamus3a 20CR 3a mepuon 1872-1947, moka3zaHo, 4TO Ha Ka4eCTBEHHOM YpPOBHE
BO3MOXXHO TMpoOrHO3upoBath 10 75% coOwbituii  Onb-Hunbo u Jla-Husbs ¢
3a0J1arOBPEMEHHOCTRIO 3 Mecsa, 10 66% c 3a01aroBpeMEeHHOCTBIO 5 MECsIeB, a C
3a0J1arOBpEMEHHOCTBI0 7 MecdaueB — Bcero 10 52%. Ilpu atom coOwitust Jla-Hunbs
BOCITPOU3BOATCS 3aMETHO Xyke coObITHil Onb-Hunbo. Koaddumument xoppemnsiuu
uHgekca Nino 3.4 U MOJEIBHBIX MPOTHO30B TaKXKE TOHIDKAETCS C YBEIWYECHUEM
3abmaroBpeMenHoct U paseH 0,75, 0,61 u 0,46 npu nporHo3e Ha 3, 5 U 7 MecsIlEeB

COOTBCTCTBCHHO.
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Tabnuna 4.2 — OueHka BO3MOXXHOCTH MPOTHO3WPOBAHMSA Hayala M MaKCUMAaJIbHOMN
da3bl coobiTuit Dnb-Hunbo (OH) u Jla-Hunes (JIH) 3apanee 3a 3, 5, 7 u 9 mecsaues (HC
-3, -5, -7, -9) 3a nepuon 1872-1947; r - koaddurnuent koppensauuu [lupcona. 3naueHus
CTOJIOMKOB YKa3bIBAIOT Ha ONEPEKEHUE/OTCTaBaHUE MOJIEIbHBIX PacueTOB OT JaHHBIX

peananu3a CR20 B moMeHT Havyana DH/JIH u B X MakcuManbHy1o ¢azy pa3BUTHS

Cneur Hauana coobrTiii ENSO u ux mMakc. a3l

M;‘?C(“gﬂf) HC-3 HC-5 HC-7 HC-9
ENSO Years o> r=.75 r=.61 r=.46 =40
/ IpO0II-CTh
Makc. . Makxc.
(mec) cTapT (basa cTapT b cTap b CT dasa
JH 1872 -0.97/8 -3 0 — — — — — —
JH 1873 -1.06/15 — — — — — — — —
JH 1875 -0.89/14 — — — — — — — —
OH 1877 2.71/17 0 -1 -5 -1 — -1 -8 0
OH 1885 1.03/5 — — — — — — — —
JH 1886 -1.16/13 -3 0 — -2 -7 0 -7 -2
OH 1888 2.37/16 0 0 -5 +2 — +1 -7 -1
JH 1889 -2.12/16 -3 -1 -5 -1 -6 -2 — —
JH 1892 -1.30/22 +3 -1 +1 -3 — — — —
OH 1895 0.75/5 -2 -2 -3 -5 0 -1 — —
OH 1896 1.64/9 -1 -1 +1 +4 +1 -2 — —
OH 1899 1.59/15 -3 -2 — — — — — —
OH 1902 1.61/12 0 -1 -2 -1 -7 -1 -6 -1
JH 1903 -0.94/5 — — — — — — — —
OH 1904 1.46/17 0 -4 — -2 — -4 — —
JH 1909 -1.32/17 0 -1 -2 -1 -3 -1 -5 -1
OH 1911 1.51/6 -3 -2 -2 -1 +1 -2 — —
JH 1916 -1.69/9 — — — — — — — —
OH 1918 1.36/10 0 +2 0 +2 0 +2 -2 0
JH 1924 -0.98/9 -1 +1 -5 +1 — — — —
OH 1925 1.50/13 — -1 -5 -3 — — — —
OH 1931 1.75/12 0 -1 -3 -2 -6 -2 -6 -2
JIH 1933 -1.22/10 -2 -1 -5 0 -5 0 — —
JH 1938 -1.00/10 — +3 -1 +2 -1 +3 — —
OH 1940 1.15/8 -3 -6 0 -1 0 0 0 0
OH 1941 1.39/14 0 +5 +3 +4 +1 +4 — —
LN 1942 -1.44/9 0 0 0 +1 -1 +1 -1 0

4.2. IlpornocTuyeckasi MojeJib cocTosiHus JJib-Hunbo — FOkHOoe Kos1edanue

B atom naparpade npuseseHs pe3ysbTaThl MoaeaupoBanus coctosiHus DHIOK ¢
UCITOJIb30BAaHUEM KaK aTMOC(HEPHBIX, TAaK U OKCAHMYECKUX MACCHBOB JaHHBIX. BXxomHbIE

JaHHBIC MOACIHN OBLIN BbI6paHBI C HCIOJb30BAHHUEM IPOCTPAHCTBCHHO-BPCMCHHOI'O
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KOppesiquoHHOro anroputMa. O0acTu, C UCMOIb30BaHUEM KOTOPBIX PACCUUTHIBAIIUCH
BXOJIHbIE€ MHJIEKCHI, WILTIOCTPUPOBaHbI Ha puc. 2.6. HaGopbl JaHHBIX OBLIU pa3iesieHbl
Ha 3 BBIOOpKU: oOydaromyto (1950-1987 rr.), TtecroByro (19882006 r1r.) U
KOHTpoibHYIO (2007-2022 r1T.) — KOTOpBIE OTJIMYAJIMC OT TIEPHOJIOB BBHIOOPOK
MPEABIAYLIETO KCIIEpeMeHTa. Pe3ynprataMm MOAENMpPOBaHUS [aHA OLIEHKAa HAa OCHOBE
PETPOCHEKTUBHOIO NPOTHO3UPOBAHUS Ha KOHTpoJbHOM Imiepuoae 2007-2022 rr.
[IpoBeleH CpPaBHUTENBHBIN aHAIN3 C JUHAMUYECKHMMH MOJEISMH U HEUPOCETEBBIMU
MOJIEISIMU TIIyOOKOoro oOydenwus. (s 0ObEKTHMBHOTO CpaBHEHHUs BCe MHAEKCHI Nino
JTMHAMUYECKUX MOJINICH U Hallle MOJEIH MPEACTABICHbI 3-MECSYHBIMU CKOJIb3SIIUMHU
CPEIHUMU 3HAYECHUSIMH.

Takxxe B maparpade BBIITOJHSIETCS aHAJIN3 BOCIPOU3BOJUMOCTH YCIOBUU OIlb-
Hunbo/Jla-HuHbs, ¢ yueToM NpoCTpaHCTBEHHBIX TUIIOB, U HeWTpanbHOU ¢azsl JHIOK.
BBuay Gosnee BBICOKOW CITOCOOHOCTH MPOTHO3MpoBaHus MHAEKCOB Nino3 u Nino4 (o
yeM OyJeT CKa3aHO HMXKe), OyJeM UCIOIb30BaTh 3TH UHACKCHI ISl OLICHKU COCTOSIHUS
DOHIOK. Ilo amamoruu ¢ MeTomukou, mpemioxkeHHor B [Qian at al.,, 2011;
Bockpecenckas, MapuykoBa, 2017], OH wn JIH Belgensnuch npu yCIOBUH, €CIIH
anomasiust TIIO B paitonax Nino3 u Nino4 mnpesbimaer 0.5°C u mpojoixkaercs 5

MCCALCB ITOCIICA0BATCIILHO:

(Nino3+ Nino4)

2
(Nino3+ Nino4)

2

JH, > 0.5°C U t > 5 mec.

JIH,

< —0.5°C U t =5 mec. , 4.1
(Nino3+ Nino4)

< 0.5°C

HedTpaabHbi IHIOK, —0.5 <

,HJIH OIIPCACIICHUA THIIA 6y,ueM HCIIOJIB30BATh COOTHOIICHHC, IIPCHIIOKCHHOC

[Yeh at al., 2009]:

{ Boctounbiid, Nino3,,y, > Nino4;,y, 4.2)

HenTpanbubi, Nino3,,,. < Nino4,,,.’
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4.2.1. IIporno3 naaexcos Nino ¢ npuMeHeHHeM aTMOC(epHbIX 1

OK€CAHUYECCKUX IPCIUKTOPOB

VYcenemHocTh  PETPOCHEKTHBHBIX — MPOTHO30B  NPEMJIOKEHHOW  MOJAENH
CpaBHHBaJach C JUHAMHYECKHUMH MOJAEIAMU, BxoasumMmu B CeBepoaMepHKaHCKUN
MyJIbTUMOJIeTbHBIN aHcaMmOabs (North American Multi-Model Ensemble nimn NMME)
[Kirtman at al., 2014]. Jlna cpaBHeHuss Obuiu B3sThl Moaenun NMME, kotopeie
BKItoyasin perpocnektuBHbld nepuon 2007-2017 rr.: GFDL-SPEAR, GEM-NEMO,
CanSIPSv2, CanCM4i1, CanSIPS-IC3. Takxe 0bu1a BeiOpana moaenb NASA-GEOSS2S
c 0oyiee KOPOTKUM JIOCTYIHBIM TEPHOJIOM PETPOCIEKTUBHOTO mporHo3a — 2007-2016
IT.

B kauectBa KpuTEpHs OIEHKH CE30HHON CIIOCOOHOCTH TMPOTHO3UPOBAHUS
MPUMEHSUIICS  TOJIBKO KOPPEISUMOHHBIN aHaimn3. OCHOBHOW HEAOCTATOK, KOTOPBIM
00JIalal0T JUHAMHYECKHUE MOJCIM — ATO XOopollo BeipaxkeHHoe BiusiHue BIIIIT (puc.
4.5). dns unnekca Nino 3.4 B nunamuyeckux mojensx BIIIT xapaktepen B ce30H Mmaii-
HIOHB-UI0JIb HaUMHAas ¢ 6 MecseB 3a0aaroppemeHHocT (puc. 4.50). st unaekca Nino
4 OH cMeIlleH B JICTHHE MECSIbl (MIOHb-HIONb-aBIYCT) M €r0 BIHMSHUE OTMEUYaeTcs,
HaunHasi ¢ 7 mecsueB 3admaroBpemeHHoctu (puc. 4.51). Hns mugexca Nino 3 BIIII
XapakTepeH B CE30H ampelib-Mail-uioHb, HAYMHA C 5 MecsleB 3a0J1arOBPEMEHHOCTH
(puc. 4.53). 3a npegenamu BIIII Bce mporHo3bl HE3HAYNMBEI.

Ha puarpammax, n3o0pakeHHbIX Ha puc. 4.5B, €, U, NPUBEICHO CpPaBHECHHUE
CIIOCOOHOCTEN MPOTHO3UPOBAHUS MPEJIOKESHHOW MOJACIN U aHCAaMOJIsl TMHAMUYECKHUX
Mojenel, rae Ar mpencTaBiseT co0oil pazHuily Koppensuuid. [[ins Bcex n3oOpaxeHui
XapaKTepHO YJIYUYIIEHHOE KauyeCTBO MOJCIMPOBAHUS HEHUPOCETEBON MOJEIu 3a
npenenamu BIII, npu sToM K03hPUIHEHTHI KOPPETAIMA B OCTaJIbHBIC CE30HBI HUKE
win Takue xe. Muaexe Nino 3.4 moxenupyercs Xy*e OCTaIbHBIX UHIEKCOB Nino (puc.
4.5a). Jlna storo umHnekca BIIII, XoTs ¥ 3HAYMTEIBLHO CMSITYEH B CpPaBHEHUU C
TUHAMAYECKUMH MOJICTISIMUA, HO HAYMHACT TPOSBIATHCS C 3a0JarOBPEMEHHOCTHIO 3
Mecsilla U CMEIIEH K CE30HYy amnpeiib-Mal-uioHb. Takas ke cuTyanusi HaOIroaaeTcs U

st uapekca Nino 3 (puc. 4.5%), ipu 3ToM ¢ 3a0aaroBpeMeHHOCThI0 11 1 12 mecsies
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MOJIeNIb JIy4Illeé BOCIPOU3BOJUT JIETHUE W OCEHHUE MecsIipl. Hawmrmydmmm oOpazom
MozeNlb Bocrpou3BoauT uHAEKC Nino 4 (puc. 4.5r). BIIIl ngns atoro wunHmekca
MPAKTUYECKA OTCYTCTBYET: KOPPEIALUHA B JETHUH W OCEHHUN CE30HBI HE3HAYUTEIHHO
OTJIMYAETCS OT KOPPEJSIIIUI B 3MMHHIE U BECCHHUE CE30HBI.
b7 oy GEm
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Pucynox 4.5 — KoppensiimoHHbie OIEHKH MPEIIOAKEHHON MOIenH (a, T, %K) U aHcamOJs

Ar<-0.05 Ar=%0.05 Ar>0.05

auHamuaeckux mojeneii NMME (6, 1, 3) B 3aBUCMMOCTH OT 3a01arOBPEeMEHHOCTH U
CE30HA M X COBMECTHOE CPABHEHHUE AT = Iye — Idynamic (B, €, M) I HHAEKCOB Nino 3.4

(a, 6, B), Nino 4 (t, 1, €) u Nino 3 (k, 3, 1) 32 KOHTpoJIbHBIN Tiepuoa 2007-2017 rr.

Ha puc. 4.6 npuBeneHO COINOCTaBJICHUE MpejiaraeMoll MoOAENIH M MOJENei
npoekta NMME nns unnekcoB Nino3.4, Nino3 u Nino4, criakeHHBIX TPEXMECSUYHBIM
ckosp3simuM cpeaauM 3a mepuos 2007-2017 rr. CrocoOHOCTH MPOTHO3UPOBAHUS
uHaekca Nino 3.4 g OOJbIIMHCTBA JUHAMHUYECKHX Mojenei mnpoekta NMME

MIPEBOCXOAUT MPEJIOKEHHYIO B pabOTe MOJIEIb ¢ 3a0JIarOBPEMEHHOCTBIO /10 6 MECSIICB.
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[Ipu sTomM ¢ 3a0maroBpeMeHHOCTHIO 8-11 MecsieB CrnoCOOHOCTh MPOTHO3UPOBAHUS
mozaenu HC npeBocxoauT crnocoOHOCTh quHaMuueckux. Koagduuuent koppensiuu (1
RMSE) B ciyuyae mporsosa ¢ 3a01aroBpeMeHHOCTBIO 11 MecsAIeB ¢ MCIOJIb30BaHUEM
npemnaraemoit mojenu paseH 0.64 (0.72°C) m ¢ HCNOIB30BaHUEM JTUHAMUYECKHUX
mozeneid — 0.40-0.56 (0.77-0.90°C). AHanoruuHbiii pe3ynbTar ObUT MOJYyYEH U JJIs
uHaekca Nino 3. Ilpu sTom ¢ 3a0iaroBpeMeHHOCTHIO 8-11 MecsneB mpeoKeHHas
MOJZIeNIb 3HAYMTENIbHO Jyd4lle MojenupyeT uHiaekc Nino 3. Jlns 3Toro wuHaekca
ko umment xoppemsiiun (1 RMSE) B ciaywae mpornosza ¢ 11-mecsunoi
3abnaroBpeMeHHocThio Mojenbto HC paBen 0.65 (0.69°C) 1 AMHAMHUYECKUMHU
mozensamu — 0.29-0.46 (0.80-0.91°C). MoaenupoBanue nnaekca Nino 4 mokasasuo, 4To
MpeIO)KeHHAas: MOJIeNIb MPEBOCXOAUT JUHAMUYECKHE MOJICNIM B CIydae CpaBHEHUS
KOppeJSLUid ¢ 3a071arOBPEMEHHOCTBIO OT 6 M 0OJIbIIIE MECSIIEB, a B CIIy4ae CpaBHEHUS
no RMSE — ¢ nro60ii 3a61aroBpeMeHHOCThI0 TTporHo3a. Koadduiment koppensiuu (1
RMSE) mogenn HC nna mporHo3a 3abiaroBpeMeHHOCTBIO 11 mecsiieB paBed (.78
(0.46°C). ITpu >TOM U151 IUHAMHYECKUX MOJieiei 3Tu 3HadeHus paBHbI 0.46-0.61 (0.57-
0.74°C). M3 Bcex muHamuueckux wMojene Monenb NASA-GEOSS2S naubonee
yCcHenHo onuckiBaeT nuHaMmuky coctosiHust DHIOK, oxnako ee 3abmaroBpeMeHHOCTH
porHo3a uHjaekcoB Nino orpannyeHa 8 mecsiamu, a RMSE 3ameTHO BbIle OCTaIbHBIX
IruHaMuueckux mogaeneit. [lo koppendiumonHsiM oneHkaM Moneib NASA-GEOSS2S
MPEBOCXOJUT MPEAJIOKEHHYI0 HAMH B TIPOTHO3aX C 3a0JIarOBpeMEHHOCThIO OT 1 10 7
MecseB. OQHAKO B PETPOCHEKTUBHBIA TMEpHOJ A3TOM Mojenu He BxoauT Jla-Hunbs
2017 roma, BOCHpPOU3BEICHHE KOTOPOTO OBLIO 3aTPYIHUTENILHO: B siHBape-mae 2016
romga cratucthyeckue u auHamuueckne wmoxaenn IRI, Bximouas momenb NASA-
GEOSS2S, yka3biBasiu Ha ycioBus Dnb-HuHbo nim HelTpanbhayto pazy SHIOK.
Yenexu npemIoKeHHOH Mojeld ¢ 3a0JIaroBpeMEHHOCTBIO TIPOrHo3a Ooiiee 7
MecsLEeB ABIAOTC cneactsueM cmsardenus BIIIL. Ilpu 3Tom Monens cucremaTnuecku
MOKa3bIBaeT 0o0Jiee HHU3KYI0 CHOCOOHOCTH MPOTHO3UPOBAHMS IS TPOTHO30B C

HEOOJIBIITON 3a0JIarOBPEMEHHOCTHIO, UYTO OCOOCHHO BBIpAXEHO I MHAeKca Nino 3.4.
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—= GFDL-SPEAR - CanSIPSv2 ~= CanSIPS-IC3 -+~ NN model
- GEM-NEMO - CanCM4i NASA-GEOSS2S
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Pucynok 4.6 — 3aBucuMocTh KO3 PUUNEHTA KOPPeJS U U
CpeIHEKBAIPATHYECKOH OIIMOKH MPOTHO30B TPEXMECSIIHBIX CKOJIB3SIINX CPETHUX
uHaekcoB Nino3.4, Nino3 u Nino4 s npeayiaraeMoid MOJIeT U aHcaMOJIsa Mojieniei

npoexkta NMME 3a nepuon 2007-2017.

Puc. 4.7 nemonctpupyer BocmpousBenaeHue coctosHus OHIOK ¢ yderom
tunu3zauuu Jnb-Huabo u Jla-Hunwea B mepuon 2007-2022. Sueliku 3akpalivBaiuch B
[[B€Ta, COOTBETCTBYIOIIHUE HSKCTpeMalibHbIM coObITHsIM OHIOK, ecnu BbIMONHSIIOCH
ycioBue mpesbiieHus: mopora £0.5°C B coorBetcTBUU ¢ (hopmynoit 4.1. Tunmzarus
MPOU3BOJIMIIACH C yueToM yciioBusi u3 dopmynsl 4.2. Ha Puc. 4.7 BunHo, uto 4 u3 5
apiennii DOH ompeneneHsl BepHO, BKIoUas ux TUMN. Bocmpouseaenue coOwbituii OH
NPaKTUYECKU HE 3aBUCUT OT 3a0jaroBpeMeHHOCTH mporHo3a. CoObitus JIH
BOCIIPOU3BOAATCA  3aMeTHO  Xyke. C  yBenuueHueM  3a0JIarOBPEMEHHOCTU
nporHo3upyemsii Mecsil Hadana JIH cmemmaercs ¢ 3anmaszmeiBanueM. Takum oOpaszom,
OonbmMHCTBO  coObiTHst  JIH ~ Bocmpoum3BoOmATCS  TOJNBKO € HEOOJBIION
3abmaroBpeMeHHocThio. Jla-Hunbs 2007, 2017 u 2021 ABASIOTCS HMCKIIOUCHHEM H
XOPOIIIO BOCIPOU3BOIATCS ¢ 3a0aroBpeMeHHOCThIO B 5 MecsneB mis JIH-2007 u 11
mecsues it JIH-2017 u JIH-2021.

B Tabn. 4.3, momydyeHHoi Ha ocHoBe Puc. 4.7, npuBeneH MpoIEHT COBNAACHUI

MPOTHO3a ¢ JJaHHBIMU HaOmtoieHuit. B ienom cocrosaue DHIOK 6e3 yueTor Tunos OH
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u JIH ompenensiercst ¢ BeposatHocThio 60-80%. Ecnu paccmarpuBaTh TOIBKO COOBITHS
OH wu JIH, BeposTHOCT, ompeneneHus  Bapbupyercss or  82-84% ¢
3a0J1arOBPEMEHHOCTRIO TIporHo3a 1-3 mecsir g0 53-58% c¢ 3abmaroBpeMeHHOCTHIO 8-11
MecsaieB. OTMETUM, YTO BEpPOSITHOCTh BEPHOTO oOmpenesieHus coObIThil Dib-HuHbo
MPaKTUYECKU HE 3aBUCHUT OT 3a0JIarOBPEMEHHOCTH MPOTHO3a U BapbUpPyeTCs OT 76 10
83%, u ecau yYuTBIBaTh TUIU3ANHMIO, TO 65-54%. B 10 ke Bpems coObitus JIH cunmbHO
3aBUCAT OT 3a0JIarOBPEMEHHOCTH TNPOrHO3a. BeposTHOCTH BEpHOTO OmpeneseHus
apnenust JIH Bapeupyerca ot 85 mo 31%, u ¢ yderom tunmszauuu, Bcero 51-24%.
Hecmotps Ha Huskuit npoueHt onpeaenenuss tunoB OH u JIH, Bce coObitusa OH u 2
coobrtust JIH ¢ 3abnaroBpemeHHocThio 11 mecsiieB B ce30H JekaOpb-sHBapb-(heBpaib

OBLIIM OIPEEIIEHBI BEPHO.

BT Dip-Humbo T Dmp-Hunvo M BT Jla-Humps M 1T Jla-Humbs Heitrpanpubie yenosus DHIOK
m
m

=

NWEUONR OO

336ﬂar09peMeHHOCTb, mec.

o
@
s

!
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Pucynok 4.7 — Cocrosinne DHIOK ¢ yuerom tunos Onp-Hunbo u Jla-Hunbs 1o
nanabiM COBESST (na nuarpamme psna "OBS") u MmonenbHbIM pacueTam ¢

3a0J1arOBpEMEHHOCTHIO 710 11 Mecsiies.

Tabnmuuna 4.3 — IlpomeHT coBmajeHUN MPOrHo3a C JaHHBIMU HAOJIIOJCHUN 3a

KOHTpOoJbHBIN niepuon 2007-2022

3a01aroBpeMEeHHOCTh 1 2 3 4 5 6 7 8 9 10 | 11
OO6mue coBmaeHus, % 76 | 79 | 80 | 71 | 70 | 67 | 65 | 59 | 62 | 59 | 58
(c yuemom muna) (59) | (61) | (65) | (58) | (57) | (57) | (55) | (51) | (52) | (49) | (49)
Tomsko cobbiTust OH w JIH (¢ | 84 | 83 | 82 | 71 | 68 | 63 | 62 | 53 | 58 | 55 | 54
yuemom muna) , % (55) | (53) | (58) | (49) | (46) | (47) | (44) | (40) | (42) | (39) | (39)
Tomwsko OH, % 83 | 81 | 8 | 81 | 81 | 8 | 83 | 78 | 81 | 80 | 76
(c yuemom muna) (59) | (56) | (65) | (56) | (54) | (65) | (59) | (57) | (57) | (54) | (54)
Tonbko JIH, % 85 | 85 | 80 | 61 | 56 | 42 | 42 | 31 | 37 | 32 | 34
(c yuemom muna) DD | (5D | 42) |39 | (31)|31)]|(24) | (27) | (25) | (25)
Jloxnusie OH, % 8 7 5 9 15 19| 20| 21| 23| 23| 23
Jloxwusie JIH, % 28| 20| 17| 19| 12 8 9| 11| 11| 12| 13
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Jlanee OBLIM MPOAHAIM3UPOBAHBI ONMIMOOYHBIE PETPOCHEKTHBHbIE MPOTHO3bI
coopiTuit OH u JIH. Ommbounsie JIH HabmogaroTcs pexe ¢ 3a06J1aroBpeMeHHOCTBIO 10
1-4 wmecsma (5-9%). C 3abmaroBpemeHHOCThIO 7-11 MecsmeB ommbounbie JIH
OTMeUaroTcs ¢ BeposTHOCThIO 20-23%. Ommbounsie ciydan OH Bapbupyrorcs oT 8 110
28% ¢ MUHUMYMOM 3a0naroBpeMeHHOCTH 6 mecsieB. C 3abmaroBpeMeHHOCThIO 8-11
MECSAILIEB BEPOATHOCTH OMO04HOr0 rporuo3a DH cocrasisger 11-13%.

PaccmoTtpum Gosiee o ipoOHO BOCIIPOU3BOIUMOCTh MHAUBHAYAJIBHBIX COOBITHI
OH u JIH. Ha puc. 4.8 npusenens! rpaduxu paccuutanabix no ganasiM COBESST (mo
okTsA0pst 2022 roma) TpeXMECAYHBIX CPEIHUX CKOJIB3AUX MHAEKCOB Nino3.4, Nino3 u
Nino4 u  pe3ylbTaToB  HUX  PETPOCHEKTHBHOIO0  NPOTHO3UPOBAHUS  C
3a07aroBpeMeHHOCThIO B 3, 6, 9 u 11 mecsues. s ynoOcTBa onvcanus aainee Oyaem
ucrnoas3oBaTh o6o3nauenus HC-3, HC-6, HC-9 u HC-11, rae 4mciio coOTBETCTBYET
3a071arOBPEMEHHOCTH. JIMHUSIMU 0003HAYEHBI SKCTPEMYMBbI COOBITHI MO OJHOMY W3
uHJeKkcoB Nino, sl KOTOPBIX HaOMr0anack Hanbosbas mo Moayito anomanus TITO.
3a mepuox 2007-2022 6p110 oTMedeHo Bcero 13 coOwrtmit OH u JIH (puc. 4.8-
BepxHuii). C ucnosb3oBanueM kiaccudukanuu [Yeh et al, 2009] 6s110 BhigEneHO 2 BT
One-Hunawo (2009, 2015), 3 LT Dab-Hunaso (2014, 2018, 2019), 2 BT Jla-Hunbs (2017,
2021, 2022) u 5 IT Jla-Hunss (2007, 2008, 2010, 2011, 2020). IIpogomkutensasie JIH
OyJeM paccMaTpHUBaTh Kak JiBa OTJICIbHBIX COOBITHS.

LT Jla-Humnws 2007. Hanbonee TOYHO MOACIHMPYET 3TO coObiTHe Tonbko LT-3.
LT-6 He BepHO ompeneseT Hayajao, HO XOPOIIO BOCIPOU3BOIUT IKCTPEMAIbHYIO (azy
pa3BuTHs B 3uMHUI ce30H. LT-3 u LT-6 BocnpousBoasat 3to codbitue kak BT Tun. LT-
9 u LT-11 310 coOBITHE IPAKTUYECKU HE BOCITPOU3BOJIST.

LT Jla-Hunvs 2008. L'T-3 xopoiio Bocnpou3BoguT 31o coositue. LT-6 sto JIH
BOCITPOU3BOAMT TOIBKO 10 uHAekcy Nino 4. LT-9 u LT-11 ne BocipouzBost JIH.

BT Onv-Hunvo 2009 BOCHPOU3BOJIUTCS IO BCEM MNPHUBEACHHBIM Ha puc. 4.8
MozeNbHbIM pacuetaM. [Ipu stom LT-3 3aHmkaer 3HaueHUs SKCTpeMaibHOU (as3bl, a
LT-6, LT-9 u LT-11 BoCHpOoM3BOAAT 3KCTPEMYM CO CMEIIEHHWEM B CE30H OKTIOpb-
HOsI0pB-AeKka0Oph. 1o uHAekcy Nino 3.4 Hayano coOBITHUS OMNpeNesseTcss HEBEPHO U

HaOJIFOAeTCs B CE30H aBI'YCT-CEHTAOPH-OKTSIOPb.
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T Jla-Hunvsa 2010. LT-3 xopomo Bocmpou3BoAuT 3T0 coObitue. LT-6
Bocrpou3BoauT JIH, HO Hauano oTMeyaeTcsi He BECHOM, a 0OceHblo. MakcumManbHas (a3za
CMeIIeHa B Ce30H siHBapb-(eBpamb-mMapT. LT-3 u LT-6 Bocmpou3BoAsAT 3TO COOBITHE
kak BT tun. LT-9 BocnpoumsBoaut »10 JIH ¢ 3amepkkoili Ha 7 MecAleB, a
WHTEHCUBHOCTh COOBITUA HIbKe HabOmomaemou. LT-11 B menoM He BOCHpPOU3BOIUT
SIBJICHUE.

LT Jla-Hunwsa 2011 BocupouszBoauTcs Tojbko LT-3.

LT Onb-Hunvo 2014 BOCHPOU3BOAMUTCS BCEMH MOJEIbHBIMH pacuetamu. [Ipum
stom LT-6, LT-9 u LT-11 cymecTBeHHO 3aBbIBalOT 3KCTpeMyM (Ha ~1°C).

BT Onb-Hunvo 2015 X0pol10 BOCOPOU3BOAUTCA BCEMHU MOJIETbHBIMUA pacyeTaMHu.
OkcTpeMyM coBranaer ¢ pacueramu LT-6 u LT-9, u HECKONBKO 3aHMKEH ISl pacyera
LT-3 m LT-11. Ilocne »toro Onb-Huabo HaOMOZAIOCH JBa OTPHIATEIBHBIX
skctpemyma DHIOK, nepBblit U3 KOTOPBIX HE ObLT UAESHTU(UIIMPOBAH B CE30H JI€KAOPb-
sHBapb-peBpasb kak JIH. OnHako Mo MoAenbHBIM TaHHBIM OH ObLI Bocnpou3BeaeH LT-
6,LT-9u LT-11.

BT Jla-Hunwa 2017 BOCTIpOU3BOAUTCS BCEMU MOJENBHBIMU pacueTaMu. [Ipu saTom
B MOJIEILHOM pacueTe ¢ 3a0jaroBpeMeHHOCThI0O 4 u 5 wmecsueB coobitue JIH He
Haomonaercss (puc. 4.7). LT-3 3anmxkaer 3HaueHus dtoro JIH: wHAEKCH YyTh
npesbimaroT nopor 0.5°C.

LT Snb-Hunvo 2018 BOCIpOU3BOAUTCA BCEMH MOAEIBHBIMU pacuye€TaMH TOJIBKO
no wuHAekcy Nino 4. VYciaosus OHIOK mno wungekcam Nino 3 u Nino 3.4
BocripousBoasaTcss LT-3 u LT-6 kak wneutpanehbie, a LT-9 u LT-11 mopenupyror
ycaoBus JIH.

T Onv-Hunvo 2019 He oTMeuanoch mo uHAekcYy Nino 3.4, HO MO MeETony
UJeHTU(DUKAITNHN, KOTOPBIA OBLT UCIIOJIH30BAH B ATOM paboTe ¢ yueToM uHAeKcoB Nino 3
u Nino 4, coOwsituie Ob10. Tak xe, kak u npeapiaymmii OH, 3T0 coObITHE XOpOIIO
BOCIIPOU3BOAUTCS 10 MHAEKCY Nino 4 i BCEX paccMaTpUBaeMbIX PacyeTOB.

[T Jla-Hunea 2020. Mopenb yCHENIHO COPOTHO3WpoBasia Mecsl Havana JIH u
€ro WHTCHCHUBHOCTb B HE3aBUCHUMOCTH OT 3a0JaroBPpeMEHHOCTH, OJIHAKO BO BCEX

CiIy4asix Tur OblT ujeHTUuuIupoBaH kak BT.
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BT Jla-Hunvs 2021 u Jla-Hunvs 2022. OTn nBa rojia OJTHOTO ABYXJieTHero Jla-
Hunbs BoctpousBoastTcs Tonbko LT-3 u kak nBa oThaenbHBIX coObITHA. OcTanbHbIC
paccMaTpuBaeMble MOJIETBHBIE pacueThl MOKa3bIBAIOT HeWTpanbHble yenoBus DHIOK.

B menoM MOXHO OTMETHTB, YTO MPEIJIOKEHHAS MOJENb JOCTATOYHO XOPOLIO
nporuosupyer  cobbituss  OH. Ilpy  »sToM  mnporHo3sl ¢ HEOOJBIION
3a0J1arTOBPEMEHHOCTBIO 00JIee TOYHO OMPENEISIOT CPOKH Hadajaa, HO 3aHWKAIOT TMHKU
MaKCUMalbHOW (ha3bl HMHTEHCHUBHBIX COOBITHI, a MPOTHO3bI C 0O0Jee BBICOKON
3a0JIarOBPEMEHHOCTHIO MEHEE TOUHO OTpEJIEeNseT BpeMsl Hauaja, HO 00Jiee TOUHO MUKU
MaKCUMAaJIbHOW (pa3bl MHTEHCUBHBIX cOObITHH. Bcee tumsl DH ompeneneHbl BepHO.
CoObiTus JIH xopo11o BOCIpOU3BOIATCS TOJIBKO ¢ HEOOBIIION 3a01ar0BPEMEHHOCTHIO.
C 3abnaroBpeMeHHOCTHIO 11 MecsieB Bpemsi Hayajia U WHTEHCHUBHOCTb TOJIBKO JJIS

nByx coobituii JIH (2017 1 2021) U3 BocbMM BOCIIPOU3BOIUIUCH BEPHO.

4.2.2. ConocraBJ/jieHHe CIIOCOOHOCTEl MOJEIM ¢ COBPEMEHHbIMH MOJECJIAMU

HC riry0okoro o0y4ennst

CpaBHuM pa3pabOTaHHYIO B MCCIIEIOBAHUN MOJENb C COBPEMEHHBIMU MOJEIISIMU
riyookoro oOyuenus. s HaAeKHOTO CpaBHEHHS TPEOYEeTCs BBIMIOJHUTH YCIOBUE
OJTHOPOJTHOCTH COTIOCTaBIISIEMBIX BPEMEHHBIX MTPOMEXYTKOB. BHIOpaHHBIM HAMU TIEPUOJ
npoBepku mozaenu 2007-2023rr. He CONOCTaBUM C MEPUOJIAMH MPOBEPKH APYTHX
uccienoBarenen, u nepekpoisaet auiib nHTepBan 2014-2020rr., ucnonab3yeMsld I
IPOBEPKHU aBTOpamu uccienosanus [Mu et al., 2021]. Tak B paborax [Ham et al., 2019;
Petersik, Dijkstra, 2020; Cachay et al., 2021] mnpoBepka NpoBOAUIOCH AJIsl MEepPUOAa
1984-2017rr., B padote [Hu et al., 2021] — 1982-2017rr., B pabote [Zhou, Zhang, 2022 ]
—1994-2020rr., B pabote [Geng, Wang, 2021] — 1994-2017rr., B pabote [Patil et al.,
2023] — 1984-2021rr., B pabore [Wang et al., 2023] — 1982-2020rr. Takum o6pazom,
JUTSI BCECTOPOHHETO TOJHOILIEHHOTO CPaBHEHHS CO BCEMH COBPEMEHHBIMU MOACISIMHU

ri1y00KOTr0o 00yueHus: He0OXOANMMO NEPEKPhITh nepuoa 1982-2021rr.
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Pucynok 4.8 — TpexmecssuHoe ckob3siiee cpeanee naaekcoB Nino3.4, Nino3 u Nino4
B niepuon 2007-2023rr., paccuntanubie mo ganabIM COBESST (o Hos106ps 2022 rona)

U pe3ysbTaT UX PeTPOCHEKTUBHOIO MPOrHO3MPOBAHUSA C 3a0J1arOBPEMEHHOCTHIO 3, 6,
OpanxeBoii 1 royry0oil TMHUAMH 0003HAYEHBI SKCTPEMYMBbI cOObITHI Db-Hunbo u Jla-

9 u 11 mecsaueB g0 ¢eBpans

Huapa
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JUIst 3TOro NpPEeNsIOKEHO BBIIOJIHUTh MOJEIBHBIE PAcyeThl HECKOJBKO pas,
MOCJIEIOBATEIBLHO CMeEIlasi KOHTPOJIbHYIO BBIOOPKY, IO aHAJOW C MEPEKPECTHHIM
CMEIICHNUEM TeCTOBOM BHIOOpKH U3 padboT [Wu et al., 2006; Petersik, Dijkstra, 2020]. B
pe3yinbTaTe ObLIO BBIMOJHEHO 6 MOJIHBIX PACUETOB MOJEIU C KOHTPOJIHHON BHIOOPKOM,
paBHoi 14 romam. OOyuaromas u TectoBas BbIOOpkHM Obumt 40 u 19 ner
COOTBETCTBEHHO. KOHTpOJIbHAs BBIOOpKA CMEIaiach CleayroumM odpazoM. B nepsom
pacuere ObL1 BbIOpaH mepuond 1951-1964rr, B cienyromem 1963-1976rr, u tak nanee.
Br16opku BbIOpaHbl C ABYXJIETHUM IepeceueHrneM He ciydaiiHo. M3BectHo, uto TIIO
MMEET HEKOTOPYIO HMHEPLHMOHHYI0 mamsATh (Hanpumep [Mu et al., 2021]), mostomy
KpaiiHuii "neBbiil" U "mpaBbiil" TOABI HE MOTYT ObITh OOBEKTUBHBIMU JIJISI MIPOBEPKHU
IMPOTHOCTHYECKUX crocoOHocTer Moxenu. [lockonpky B paboTax, MOCBSLIEHHBIX
MOJIETSIM TIIyOOKOro oOyuYeHHs, pacCMaTpUBAIUCh PETPOCHEKTUBHBIE IPOTHO3BI C
3a0J1arOBPEMEHHOCTBIO /10 24 Mecs1EB, IEPECUET HALLleH MOJIEIH CIEAYET IPOU3BOIUTh
C TakoOM »Ke€ MaKCUMaJlbHOM 3a0JaroBpeMEHHOCThIO MporHo3a. B 3Toil  cBA3M
MoaenupyeMmblii uHIeKC Nino 3.4 Obul BeIOpaH 3a mepuox ¢ 1951 roma, a B
IPOCTPAHCTBEHHO-BPEMEHHOM  alITOPUTME OTOOpa MOJENBHBIX MPEAUKTOPOB IS
BBICOKOYACTOTHOW KOMIIOHEHTHI ObUIO pacIiipeHO OKHO MOUCKa MPEAUKTOPOB ¢ 2 110 3
JeT.

Ha puc. 4.9 npuBeaeHo comnocTaBieHHE KO3PPUIMUEHTOB KOPPEIALUH
MOJIEJIbHBIX pAacyeToB U HaOJII0JAaeMOr0 TPEXMECSYHOIO CKOJB3SIIET0 CPEAHEro
uHaekca Nino 3.4 Ha KOHTPOJIbHBIX BbIOOpPKax M3 pa3HbIX HccieqoBaHui [Ham et al.,
2019; Petersik, Dijkstra, 2020; Cachay et al., 2021; Mu et al., 2021; Hu et al., 2021;
Wang et al., 2023]. CpaBHenue ¢ pesyinbraramu pabor [Geng, Wang, 2021; Zhou,
Zhang, 2022; Patil et al., 2023] npuBeaeno B [lpunoxenuu b. [IpennoxxenHas Moaeib
3aMETHO JIydYllle BOCIPOMU3BOAUT HHAEKC Nino 3.4 B CpaBHEHHMM CO BCEMHU
COBpPEMEHHBIMU MOJENIAMH TiyOokoro oOydenusa. C 3a0JaroBpeMEHHOCTHIO OoJiee 5
MECALIEB HAaBBIKM MPEAJIOKEHHOM MOJAENM 3aMETHO BBIIIE MOJENel TITyOOKOTO
oOy4denusi, a BpeMs 3PGEeKTUBHOTO MPOTHO3a paBHO 21-22 Mecsl, urto Ha 2-4 mecsia
nyudiie ananoroB. Mckmrouenue cocrapiseT Tosibko Moaenb STIEF [Wang et al., 2023]:

C 3a0JaroBpeMEHHOCTHIO MpOrHo3a OT 5 m0 20 MecsIeB CIIOCOOHOCTH MOJEICH
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OJIMHAKOBBI, OJHAKO C 3a0JaroBpeMEHHOCTHIO N0 5 wMecsneB u  Oonee 20-u
BocnpousBoauMoctb JHIOK monensio STIEF Brie.

CTOUT OTMETUTH, YTO C 3a0JJaTOBPEMEHHOCTHIO IO 5 MECSIeB Hallla MOJCNb, B
1[EJIOM, TOKa3bIBaeT ce0sl Xy>kKe OOJIBIIMHCTBA MojieNiel rryookoro oOyyeHus. MoxxHO
MPEANOJIOKUTh, YTO OTO CBA3aHO C OTCYTCTBUEM B KAayeCTBE MPEIUKTOPOB
temtocoaepxkanusi okeana (TCO) B Bepxnem 300M croe. Kak mokaszan 3KCIEpUMEHT
(cm. TIpunoxxenue B) ¢ BKiIrOYeHUEM B psiJl IPEAUKTOPOB cpeanemecsiyHoro nodst TCO,
KaueCTBO MOJICIUPOBAHUSA C 3a0JIATOBPEMEHHOCTBIO JI0 S5 MECAIEeB JIEHCTBUTEIIHHO
Bbillie. OJIHAKO M3-32 YMEHBIIEHHON OoOydaroniei BhIOOPKH, YTO CBS3aHO, B TEPBYIO
odepeb, ¢ KOpoTKUM psiaoM naHHbix TCO, koTopslii HaumHaeTca ¢ 1958 ropa, s
porHo3a ¢ 3a0JaroBpeMEHHOCThIO Oosee S5 MecsleB HaOMoAaeTcsl 3aMETHOE
YMEHBIIIEHUE POTHOCTUYECKUX CITIOCOOHOCTEN MOJIEIH.

MoOXHO Takke OOpaTUTh BHMUMAHUE HA BBICOKYIO CIOCOOHOCTh MOJENH K
BocnpousBeneHuto cocrosiuuss DHIOK B mepuon 2014-2020rr. (puc. 4.9r). OTtot
nepuon He TunuyeH s DHIOK. B kaxapiii rog sToro mnepuona HaOIIOAAIOCH IO
oaHomy 3kctpemanbHoMy coctosiHuio DHIOK: tpu LT Dne-Hubbo, ogHo cunenoe BT
Onb-Hunpo, nBa LT Jla-Huubs u oguo BT Jla-Hunbs, onmcanHbie Bbimie. Tem He
MEHee, MOJIeNb TOoKa3aja CPaBHHUTEIBHO BBICOKYIO CIIOCOOHOCTH K IPOTHO3Y 3TOH
yepenbl 3xcTpemManbHbix (a3 DHIOK gaxe ¢ 3a01aroBpeMEeHHOCTBIO 2 TO/1a.

B stom maparpade nokaszano, yto uHAEKCh Nino 4 u Nino 3 BOCHpPOU3BOAATCS
MOJEIBI0 JIyylne, dYeM wuHAeKc Nino 3.4, 4YTO TOBIUMJIO HAa OCOOCHHOCTH
unentuukauu coobrtuii YHIOK, kotopsie onpenensnuce ¢ yuetom Nino 4 u Nino 3.
BeposiTHOCTh BEpHOTO OmnpeeNieHrs YCIOBUHM, XapaKTEePHBIX it cOObITUN Dnb-HunbO,
MPAKTUYECKU HE 3aBUCHUT OT 3a0JIarOBPEMEHHOCTH IPOTHO3a U BapbUpyeTcs OT 76 10
83%. Bocmpoussenenue coObituit Jla-HuHbSI CHITbHO 3aBHCST OT 3a071arOBPEMEHHOCTH
poruo3a. BeposTtHOCTh BepHOro omnpenencHus spieHus Jla-Hunbs Bapsupyercs ot
31% (6omnpias 3abiaroBpeMeHHOCTh) 10 85% (HeOosbInas 3a0J1arOBPEMEHHOCTD).
Jloxknbie ciydam ycnouit JIH 06e3 ydera BpeMeHH NPOJOIKUTEIHBHOCTH COOBITHUS

BCTPEUYAKOTCS C BEPOATHOCTHIO 8-28%, u cityuan OH — ¢ BeposATHOCTBIO 8-23%.
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3abnaroBpemeHHOCTb, Mec. 3abnaroBpemMeHHOCTb, MeC.
PI/IcyHOK 4.9 — 3aBUCHUMOCTD KOB(b(bI/IIII/IeHTa Koppesaun MoacIcen oT

3a0J1arOBPEMEHHOCTH  PETPOCHEKTUBHOIO MPOTHO3a JJIsI HEUPOCETEBBIX Mojenen
IyOOKOro OOydeHHMs] M TPEIJIOKEHHOM B padoTre Moenu (CUHAS KpuBas) 3a
BpeMeHHbIe nepuoabl: a — 1984-2017rr., 6 — 1982 — 2017rr., 6 — 1982-2020rT., 2 —
2014-2020rr.

B menoM MOXXHO OTMETUTBH, UTO TMPEAJIOKEHHAs NMPOTHOCTHYECKAS MOJEib
JIOCTATOYHO XOPOIIO BOCpon3BoauT coObiThst DH. B ce30H nexabpb-sHBapb-peBpab ¢
3abmaroBpeMeHHOCThIO 11 MecsieB 4 u3 5 cobObiTuit Dnb-HuHbO ¢ yyeToMm ux Tura
ObLIM ompezeneHsl BepHo. [Ipu 3ToM Mozenb ¢ HeOOJbIION 3a01aroBpeMEHHOCThIO
0oJiee TOYHO OMNpEAeNseT CPOKM Hayana, HO 3aHMXKAIOT aMIUIMTYAy MaKCHUMallbHON
¢da3pl MHTEHCHBHBIX COOBITHI, a MOJENIb C 0oJjiee BBICOKOW 3a0JIarOBPEMEHHOCTHIO
MEHee TOYHO OIpeJeNsieT BpeMsl Haualla, Ho 0oJiee TOYHO — aMIUIMTYLy MaKCUMaJlbHOM

¢da3pl uHTeHCUBHBIX cOOBITUN. CoObITHs JIH XOpomo Bocpou3BOASTCS ¢ HEOOJBIION
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3abmaroBpeMeHHOCThIO. J[Ba coOwrtrst JIH (2017 u 2021) ¢ 3a6maroBpemeHHOCTHIO 11
MECSIIEB B CE30H JIeKaOpb-IHBapb-PeBpasib ObLIN ONPEIETICHBI BEPHO.

IIpennoxxenHass MOJENb OTIMYACTCA HU3KOW YyBCTBUTENbHOCTHIO K BIIII,
ocobenHo Juis unjekca Nino 4. [Ipu 3ToM Juisi MPOTHO30B ¢ 3a0J1arOBPEMEHHOCTBIO /10
6 MecdAlleB MOJENb CHUCTEMAaTHUYECKH I[OKa3bIBaeT 0Oojiee HU3BKUE  HABBIKU
MIPOTHO3UPOBAHUSI B CPABHEHUM C JUHAMHUYEeCKMMU mozaensmu npoekta NMME, dro
0COOEHHO BhIpaxkeHO A uHaekca Nino 3.4. 3To MOXKET ObITh CBA3aHO C HEYUYTEHHBIMU
NPEIUKTOPAMU, UMEIOMIMMH JOKa3aHHYI0 (U3NYECKYIO CBSI3b C WHTCHCH(HUKAIUECH
skcTpeMatbHbIX coObiTuil DHIOK.

B cpaBHeHMH ¢ COBPEMEHHBIMHM MOJEISAMH MCKYCCTBEHHOI'O WHTEIUIEKTA,
OCHOBAHHBIMU Ha QJIrOpUTMax TIIyOOKOro O00y4YeHHUs, MPEMJIOKEHHAs MOJEIb TAKKe
OpOAEMOHCTpUpOBaAJIa  JIydlllee  BocmpousBereHue uHaekca Nino 3.4, C
3a0J1arOBPEMEHHOCTBIO 00Jiee 5 MECSIEB HaBbIKM MPEJIOKEHHOW MOJAEIU 3aMETHO
BBIIIE MOJIENEH TIIyOOKOro oOydeHus, a Bpems 3((HEKTUBHOIO MPOTHO3a COCTABISET

21-22 mecsina, 4to Ha 2-4 Mecsilia JIy4Iie aHaJIOTOB.

4.3. AHaaM3 MNOJY4YEHHBIX MPEIMKTOPOB M HUX B3aUMOAEHCTBHE C

MO/IeJIUPYEeMbIM NMapaMeTpoM

[Ipoananu3upyem BbIOpaHHbIE MOJENBI0 HWHIEKCHI B TOCIEAHEM MOJEIBHOM
DKCHEPUMEHTE, Koraa yuuTeiBanuch reonoreHmman Ha 500 rlla u 1000 rlla
n300apruyecKuX ypoBHsiX, komnoHeHThI BeTpa Ha 500 rlla u TIIO. OcHoBHOE BHUMaHKE
OyAeT MOCBALICHO NPEIUKTOpPaM BbICOKOYACTOTHOW HW3MEHUYMBOCTH, TaK KakK ee
JUCTIEPCUOHHBIA BKJIaJ paBeH oKoJio 93%. Ha aToM sTamne mjisi HECKOJIBKUX KIIHOUEBBIX
CE30HOB ObUIM MPOaHAJIM3UPOBAHbl HCHOJb3yeMble Jy4YIIMMH KOHCTpykiusmMu HC
npeaukTopbl. Kak ObuUT0 ykazaHo Beimie, B ['naBe 3, s KaX7oro Mecsia M Kakaou
3a0naroBpeMeHHOCTH BbhiOUpanuch 20 Haumydmmx koHcTpykuuii HC. Panu yno6cTBa
0000LIMM TOBTOPSIEMOCTh PA3NUYHBIX NPEIUKTOPOB STHUX KOHCTPYKLUUN ISl Tpex
CE30HOB: Mal-MIOJb, OCEHb U 3UMa; U JIJIs 4 Tpynn 3a01aroBpeMEHHOCTH MPOTrHO3a: 3a

1-3 mecsua, 4-6, 7-9 u 10-12 mecsaues. [lanee BU3yalM3upyeM IOJTYYEHHBIE TPYIIIIBI
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npenukTopoB (puc. 4.10). ITockonbKy HpPEIUKTOPBI SBISIOTCA KIMMATHYECKUMU
MHJIEKCAMH, pacyeT KOTOPBIX MPOU3BOJMIICS B ONpPEACICHHBIX 00JacTsaX, Ha puc. 4.10
M300pKEHBI MMEHHO IIUPOTHO-IOJTOTHBIE 00JIaCTH, TIyOMHAa OKPACKHM KOTOPBIX
TOBOPUT O MOBTOPSIEMOCTH BbIOOpa KOHKPETHOro IpeaukTopa oT 0 10 MakCUMaibHO-
BO3MOXKHOro 3HaueHus (180 3HadeHwit myist 3 MecsieB ce3oHa W 3 00OOIICHHBIX
MECSIIIEB 3a0JIarOBPEMEHHOCTH TMPOTHO3a). Takoil NOAXOJ SBIAETCS HEMNPSMbIM
aHAJIOrOM «TEIUIOBBIX KapT», ucnoibdyembix B CHC nns ananuza mnpeaukTopoB
MOJIeJIH, HarpuMep, B padotax [Ham et al., 2019; Patil et al., 2023].

Cezon wman-urons coBnagaer ¢ BIIII m sgBngercss caMbIM  CIIOKHBIM  JUIA
MPOTHO3UPOBAHUSA JUHAMHYECKHUMH MOJEISIMH. B 3TOT C€E€30H MPOUCXOAUT
uHTeHcu(ukanus OonpmmHcTBa coObiTU DHIOK. Ilpn 3Tom, kak ObUIO OTMEYEHO
paHee, CTAaTUCTUYECKH 3HAYMMbIA PETPOCHEKTUBHBIA IIPOTHO3 CE30HA Maii-HI0Ib
rpynmna JUHAMHUYECKUX MOJIeeil crmocoOHa J1aBaTh ¢ 3a0JIarOBPEMEHHOCTBIO MeHee 6
MeCSIeB. YJenuM o0co00e BHUMAHHE aHAIM3y TMPEIUKTOpPOB 3TOro cezona. C
3a0J1arOBPEMEHHOCTHIO /10 3 MECSIIEB OTMEUYEHA BBICOKAs! IOBTOPSIEMOCTh IIPEIUKTOPOB
B TPOMUYECKUX IIUPOTAX, YTO, BEPOSTHO, CBA3AHO HHTECHCU(PUKAIIUNA COBMECTHOTO
BiusHus C3B u KMJ] [Chiodi et al., 2014; Puy et al., 2016; Liang, Fedorov, 2021] u
aHOMAJIUSIMU B 00BbEME HAKOIUICHHOM TEIJIONW BOJBI B KBATOPHAIBHOW YacTh Tuxoro
okeana [McPhaden, Yu, 1999; Vecchi, Harrison, 2000; Fedorov et al., 2015]. Taxxe
OTMEYEHA CPAaBHUTEIILHO MEHEE YacTasi MOBTOPSIEMOCTh MPEAUKTOPOB B THXOM OKeaHe
U B CpEIHUX U BBICOKHUX mupoTax. C 3a01aroBpeMeHHOCThIO 4-6 MecseB Ha0I01aeTCs
YBEJIMUEHUE TIOBTOPSEMOCTH HHJEKCOB CeBepHOro mojymiapuss U, B YaCTHOCTH,
MHJIEKCA MEPUJIMOHAIILHOTO BETpPAa, KOTOPBIM, MO CYTH, ABISETCS UHAUKATOPOM THUIIA
atMoc(epHON IUPKYIAUUK (MEPUIUOHATIBHBIN WIM 30HAIBbHBIN). Takoe moBeneHUe
MPEIUKTOPOB COrjlacyeTcs ¢ onucaHHod B [maBe 1 cxemoil B3anMoOJEUCTBUA
Cesepuoro nonymapusi ¢ DHIOK [Yang, Xu, 1994; Sankar-Rao et al., 1996; Bamzai,
Shukla, 1999]. Oco6oe Buumanue cieayet yaenutb CAK. C 3a01aroBpeMeHHOCThIO 3-6
u 7-9 MecdAleB 3TOT MPEAUKTOP BBHIOMpAICS MOJEISIMU JOBOJBHO YacTO, YTO
MOATBEPKIAAET BBICKA3aHHBIM paHee TE3UC, O BO3MOXKHOM BIUSHUM (CeBepHO

Atnantuku Ha OHIOK mnocpenctBoM mnepenaud KIMMAaTHUYECKOTO CHUTHAla 4epes
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EBpazuto [[lonmonckuit u gp., 2004]. Croutr OTMETUTH 3aMETHOE YBEIUYCHHE
MOBTOPSIEMOCTH  objiacTel, Xapakrtepusyromux HOkHoaTIaHTHYeCKOe KoyieOaHHe
(FOAK), c¢ 3abmaroBpemennocteto 10-12 wmecsmeB. Pomp HOAK B cxeme
uHteHcupukanuu OHIOK Ha cerogus eme He ompezieineHa, OIHAKO MOXKHO
npenanosoxuth Hanuuue cBa3u CAK u FOAK ¢ 3amepkkoil B HECKOJIBKO MECSIICB.

Jlist oceHu C 3a0aroBpeMEHHOCTBHIO TPOTHO3a J0 3 MecCsIeB HaOromaeTcs
BBICOKAsl MOBTOPSEMOCTh TPONMHUYECKUX M TUXOOKEAHCKUX MPEIUKTOPOB, YTO MOXKET
ObITh  CBsA3aHO ¢  HBomomuedr  coObltmii  Dnb-Hunbo/Jla-Hunbs. s
3a0J1arOBPEMEHHOCTH MPOTHO32a OT 4 10 6 MecAIeB B TPOMUKAX BCE TaKKe HAOII0JaeTCs
BBICOKAs MMOBTOPSIEMOCTh MPEAUKTOPOB, OJHAKO MPEAUKTOPBI CPEAHUX MMUPOT Tuxoro
OK€aHa TMOBTOPSIOTCS pexke. [[ns 3admaroBpeMeHHOCTH OT 9 MecsieB MOBTOPSEMOCTh
MPEAUKTOPOB MO BCEMY 3€MHOMY IIapy, B LIEJIOM, OJMHAKOBA, 0€3 aKIIEHTOB Ha KaKOM-
6o pernoH. 3umoil Tpomuyeckue MpPeaUKTOPHl BHIOMPAIOTCS MOJIENBI0 YacTO MpU
1100011 3a0maroBpeMeHHOCTH TporHo3a. Ilpeaukropel Tuxoro u «¥OxHOr0» OKEaHOB
garie BbIOuparoTcs Uil 3abjaroBpeMeHHOCTH mporHo3za jgo 10 wmecsmeB. C
3a07aroBpeMeHHOCThI0O OT 10 MecsileB oTMedaercss MHTEHCU(UKAUus NpPeIUuKTOPOB
CEBEPHOTI0 MOJyIIapHsl.

Aptopel moxemu STIEF [Wang et al., 2023], aHammu3 peTpOCHEKTHBHOTO
MPOTHO3a KOTOPOU MOKa3aJl COMOCTABUMOE KayeCTBO C MpejjaracMoil HaMu MOJIETbIO,
MoKa3aju, 4yTo npeaukTopbl CeBepHoro U KOKHOTO nmoymapuii CymecTBEHHO yIIy4daroT
KaueCTBO MPOTrHO3a C 3a0JaroBPpeMEHHOCThIO OT 5 10 18 MecsieB. DTOT Te3uC
COTJIACYETCS C BBIMOJHEHHBIM HAMU aHAJIU30M MOBTOPSIEMOCTH MPEAUKTOPOB.

B nenom, npoBeleHHbI aHAIW3 NPEAUKTOPOB MOATBEPAWI MPEIJIOKEHHYIO B
['maBe 1 teopernueckyro cxemy BausHHS CeBepHod ATnantukun Ha OHIOK uepes
ceBepHy0 4acTh EBpazuu. MHTepec Takxke NpeacTaBiisieT HesiBHOE BiusiHue HOkHOM
Atnantukun Ha DHIOK c 3abmaroBpemenHocTthio 6osee roma. I[lpeamonaraercs, 4Tto
IOxxHoaTmanTH4yeckoe kosicbaHrue MOXKET ObITh CBsizaHO ¢ CeBepoaTJaHTUYECKUM C

HCKOTOPBIM OIICPCIKCHUCM.



3abn. =1..3 mec.

4..6 mec.

3a6a.

3aba. = 7..9 mec.

3a6s.=10..12 mec.

Pucynok 4.10 — [ToBTOpsieMOCTh IPEAUKTOPOB, BXOAAMMX B 20 HAMITy4dIINX
koHCTpykIuit MHC u pacuuTaHHBIX HA OCHOBE TOJICH re0noTEeHIIa, KOMIIOHEHT BETpa

u TI1O 3a 3 kIr04eBBIX TIEpHOJIa C 320 IarOBPEMEHHOCTBIO MTPOTHO3a 10 12 MecsIeB.

4.4. Ycnemnbii npono3 Jib-Hunbo 2023r. u npeanoJio:xkenue o Jla-Hunbs B

2024-2025 rr.
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B 3aBepiienue onucaHusi kauecTBa MPeIOKEHHONW B pabOTe MOJEIN MPUBEIEM
Ha puc. 4.11 pesynbrarsl nporrosa uHjaekca Nino 3.4, noigydeHHble B HOssOpe 2022 T.
[JIy6koB, 2022]. Hamra momens mpeanonaraia qanbHeinyo 3ostonuio Jla-Huabs 10
depans 2023 1. (puc. 4.11B), B MapTe u amnpene — HetpaiabHbie ycioBus DHIOK, a ¢
Masg 2023 r. — Hauano pas3Butusg Oib-HuHbo. Omnmpasch Ha NOpPOCTPAHCTBEHHO-
BpeMeHHYI0 Kiaccupukanuio Iiab-Hunbo [JIyOkoB u np., 2017b], npeamnonaranocs, 4to
DOH-2023 Oynmer BECEHHEr0 BOCTOYHOIO THMA, YTO COOTBETCTBYET BOCTOYHO-
TUXOOKeaHcKkomy 1o kiaccubukamuu [Yeh et al., 2009]. Ilpu sTomM mo pe3yabraram,
npuBeeHHbIM Ha caiite KomymOuiickoro ynuBepcutera — IRI (iri.columbia.edu,
oOpamienue 3 nexadpsi 2022), BeposTHOCTh BO3HUKHOBEHHS Oib-HuHbO B Mae ObLia
Bcero jumib 12%. K aBrycty 2023r. 3Ta BeposTHOCTb Bbipocia 10 44% (puc. 4.11a). Ilo
pe3ynbTaTam neHtpa kiaumatudeckux mnporuo3oB CIIIA — NOAA (cpc.ncep.noaa.gov,
oOpamienue 3 nekadbpsa 2022) B HosOpe 2022r. Tonbko 1 u3 6 Mojenei mporao3uponania

Hauasno Dnb-Hunbo B 2023 roay (puc. 4.110).
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[lo ¢akTy wu3BECTHO, YTO MPOTHO3 MpeajiaraeMol B HCCIEAOBAHUU MOJEIH
noaTBepauics (puc. 4.11B). YciuoBus Jla-HuHbs CcMEHUIUCh Ha HEWUTpalibHBIC B
deBpane. B mapre u ampene DHIOK naxogmnoce B He#TpanmbHoM (aze. C mas
HaOJII0/IANIMCh YCIOBHUS, XapaKTepHbIC Jis 3BoJOIMU Dib-Hunbo. 3umont 2023-2024
roga — 3710 Dnb-HuHKO OBLTIO OXapaKTepU30BaHO KaK BOCTOYHO-THXOOKEAHCKHMA THII.
CrnenoBatelbHO, Hallla MOJIEb OJHA U3 MEPBBIX B MUPE YKa3ajia Ha MPUOIMKAIOIINICS
Onp-HuHbo, a MPOCTPAaHCTBEHHO-BPEMEHHONW aHAJM3 IMOMOT C 3a0JIarOBPEeMEHHOCTHIO

0oJiee yeM 3a roJi ONPEIeIUTh TUM COOBITHS.
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Pucynok 4.12 — Pesynbrat nportosa unaekca Nino 3.4, nonydenssiil 3 utons 2024r.
['paduk npencraBieH B BUAE€ MEXKKBAPTHIIBHBIX JHarpamm, MOCTPOSHHBIX Ha 0CHOBE 20
ayummx KoHCTpyKiuii HC. 1[BeT MeKKBapTHUIIBHBIX TUArpaMM COOTBETCTBYET
JMania30Hy KOppessaiuii (1), TOJydeHHBIX Ha KOHTPOJIBHOM BBIOOPKE, KpacHAsl M CHHSIS

JIMHUY 3TO MOPOTroBoe 3HaueHue ycnoBuit dnb-Hunwso/Jla-Hunbs, pasaoe + 0.5/— 0.5°C.
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[Tocnenuuii aktyanbHbii mporao3 coctosuuss JHIOK (coctaBnen B nrone 2024r.)
yKa3blBaeT Ha mpubanxkatomieecs coositue Jla-Hunbs (puc. 4.12). PesynbraTtsl Hamien
MOJIEJIA COTJIaCyrOTCsl ¢ mporHo3amu LleHTpa knmumatuyeckux nporro3os CIIA, BMO
u CeBepoaMepUKaHCKUM MYJIbTUMOENIbHbIM aHcambiieM. [lo nanasiMm NOAA 6 u3z 7
moaenern mpoekra NMME yxkaspiBator Ha Jla-Hunbs. [lo Bepcum IRI BeposTHOCTB
Hactymienus Jla-Hunbs B okTs10pe paBHa 55%, B TO BpeMs Kak LIeHTp KIIMMaTHYeCKUX

nporuo3oB CIITA oneHuBaeT BEpOATHOCTh BOSHUKHOBEHHUSI TAKOM aHOManuu B 82%.

BriBoa k I'maBe 4

Mopens, onucanHas B ['maBe 3, ycremHo agantupoBaHa sl IPOHO3a SBJICHUMN
Onb-Hunbo u JIa-HuHbs 1 UX TUIIOB.

1. BepoATHOCTh BEpHOIO OMPENEIICHHS YCJIOBUM B MEPUOJ 10 OAHOTO roja,
XapakTepHbIX T coObITUM  Onb-HUHBO, TpakTUUECKM HE  3aBUCUT  OT
3a0J1arOBPEMEHHOCTH TPOTHO3a U BapbupyeTcss oT 76 mo 83%. B To ke Bpems
YCIEUIHOCTh  BOCHpou3BeAeHus  coObituii  Jla-Hunbs  cuibHO — 3aBUCUT  OT
3a0J1arTOBPEMEHHOCTH TIPOTHO3a. BeposTHOCTH BEpHOTrO ompejaesieHus sBieHus Jla-
Hunbst yMeHbI1aeTcs ¢ pocToM 3absiaroBpeMeHHocTH nporuo3a ot 31 mo 85%. Jloxxubie
cnydyan ycinoBuil Jla-Huubs BCTpewaroTcsi ¢ BEpOSTHOCTBIO 8-28%, m ciiyyan Olib-
Hunbo — ¢ BeposTHOCTBIO 8-23%.

2. llpemynoxxkeHHas MNPOTrHOCTHYECKAS  MOJEIb  JIOCTATOYHO  XOPOIIO
BOCIPOU3BOAUT COOBbITUSA nb-HuHbo u ux Tumn. C romoBoil 3a01aroBpeMEHHOCTHIO
MPOTHO3a JIJIsl YeThIpeX coObITHil Dib-HuHbO U3 msiTi TUM ObLT ompeneseH BepHo. [Ipu
TOM MOJIeNIb C HEOOJBIIONW 3a0IaroBpEMEHHOCTHI0 00Jiee€ TOYHO OMpENENsieT CPOKHU
Hayayia, HO 3aHIKAIOT aMIUIMTYJy MaKCUMaJdbHOW (pa3bl MHTEHCUBHBIX COOBITHI, a C
OoJee BBICOKOH 3a07arOBPEMEHHOCTHIO MEHEE TOYHO OMpEAesieT BpeMs Hadaia, HO
0oJiee TOYHO — aMIUTUTY1y MaKCUMaIbHOU (ha3bl MHTEHCUBHBIX cOObITUI. CoObITHS Jla-
HuHbst X0pomio BOCTIPOM3BOIATCA C HEOOJBIION 3a071aroBpEeMEHHOCTBIO, TIPU ITOM,

Tonbko JBa coObitust  Jla-Huwps (2017 wu  2020) wu3 BOCBMH C TOJOBOM
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3a0JIarOBPEMEHHOCTBIO OBLIA OMPEACIICHbl BEPHO, BKIIOYAsT MX MPOCTPAHCTBEHHBIM
THIL.

3. Uunekcol Nino 3 u Nino 4 BOCIpPOHU3BOAATCS MOJENBIO JyYIlle, YeM HHJIEKC
Nino 3.4. [Ipu sToM nipeasioxkeHHass MOJAEINb OTINYACTCS] HU3KOW 4yBCTBUTEIBHOCTBHIO K
BECEHHEMY IOPOTy MpeCcKa3zyeMocTH, a Jjisi mporHo3a uHaekca Nino 4 BIIIT Bosce
OTCYTCTBYET.

4. CpaBHeHME C JuUHAMUYEeCKUMH MozeasiMu npoekta NMME noka3zano
MIPEUMYIIECTBO MPEITOKEHHOW MOJIEIH JIJIsl TIPOTHO30B C 3a0J1arOBPEMEHHOCTRIO OT 5
1o 12 mecsues.

5. B cpaBHEHUH C COBPEMEHHBIMU MOJIENIIMH HCKYCCTBEHHOIO WHTEJUICKTA,
OCHOBAaHHBIMU Ha aJrOpUTMaxX TIyOOKOro oOydeHus, MPEeJI0oKeHHas MOJEIb TakkKe
MPOJIEMOHCTPUpOBaja  Jiydlllee  BocmpousBenenue wuHaekca Nino 3.4. C
3a0J1arTOBPEMEHHOCTBIO OT 5 MECSIIEB HAaBBIKM MPEIJIOKEHHOW MOJIEIN 3aMETHO BBIIIE
MoJienel Tiryookoro ooyuenusi, a Bpemsi 3¢ (PpeKTuBHOTO Mporuo3a pasHo 20-21 mecs,
4yTO Ha 4-2 Mecsla JIy4llle aHaJIOTOB.

6. AHQIN3 TPEAUKTOPOB ycnemHbIX KOHCTpykui HC He mpoTuBOpeunT cxeme
BiusgHUsl CeepHoil ATnantuku Ha OHIOK uepe3 ceBepHytro EBpaszuio u Tpomnuku
Nununiickoro okeaHa. MHTepec Takke mpeacTaBisieT HesiBHOE BinsiHuE HOxHOM
Atnantuku Ha DHIOK c 3abnaroBpemeHHOCThIO Ooniee rojna. IIpeamonaraercs, 4To
FOxxHoaTnanTH4eckoe KosiebaHue MOXKET ObITh CBsizaHO ¢ (CeBepoaTIIAaHTHUUYECKUM C
HEKOTOPBIM OTEPEKECHUEM.

7. Ilporuo3 cocrosinua DHIOK na 2023 r., paccuutanuslii B HOsiOpe 2022 1.,
OJIHUM W3 NIEPBBIX B MHUPE MOKa3al Ha4aJ10 Diib-HUHBO ¢ TOYHOCTHIO A0 Mecsna. Takum
oOpa3om, Hall MPOrHO3 omepeawsn Ha 4 Mmecsna odunuanbHoe coobmenue BMO o
BEPOSITHOCTU HACTYIUICHHS 3TOTO COOBITHS.

B 1ienom, BCECTOpOHHS OLIEHKA MPEJIOKEHHON MOJIENN MOKa3ala CBOE BBICOKOE
MpakTUYEeCKoe 3HaueHue sl nporHo3oB  coctosiHus  OHIOK.  Ilpu  stom
BOCIIPOU3BOAUMOCTh Mojenbio 3mu30a0B OHIOK okazanack 3amMeTHO Jydilne B

CpaBHCHHHU C TUHAMHWYCCKHUMH MOJACIAMU U COBPCMCHHBIMH MOJACIAMHU, OCHOBAHHBIMHU
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Ha aJropuTMax riyooko oOydeHwus, ee 3a0JaroBpeMEeHHOCTh MPOrHO3a JIydile Ha 5-6
MECSIICB.

Pesynbrater 'maBel 4 omyOnMKOBaHBI B IIECTH HAYYHO-HCCIIETOBATEIBCKUX
KypHajlaX, 4YeThIpe U3 KOTOPBIX BXOJAT B 0a3bl gaHHbIXx Web of Science u SCOPUS
[JIyxoB, 2017; Lubkov, 2019; Lubkov, 2020] u nsa 8 PUHI] [JIyOkoB, 2022; JIykos,
2023]. Pesynbrarel 3TOM ['71aBel OBUTM TpEeACTABIEHBI Ha 9 MEXIyHapOOHBIX U
BCEPOCCUICKUX HAYYHO-UCCIEOBATEIBCKUX U HAYUYHO-MIPAKTUUECKUX KOH(PEPECHITUIX.
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SAKJIIOYEHUE

1. KommiekcHbIl aHanu3 IVIOOANBHBIX IOJIEW M3 COBPEMEHHBIX MAacCHBOB
THIPOMETEOPOJIOTMUECKUX XapPAKTEPUCTUK TMO3BOJIMI  BBIOpaTh HAOOp HHIEKCOB,
XapaKTepU3yIOIINX IMPOLECChl B CHUCTEME OKeaH-aTMocdepa, KOTOpbIe, Hapsay C
U3BECTHBIMM KJIMMATHYECKUMU MHJEKCAMM, UCIOJIb30BAINCH B KAYECTBE IIPEIUKTOPOB
IIPU IPOTHOCTUYECKOM MoenupoBanuu Diab-Hunbo/Jla-Hunbs.

2. Pa3paborana wmojenb 3a0JarOBPEMEHHOIO IIPOTHO3a CPEIHEMECSYHBIX
AHOMAJINK KIIMMAaTHYECKUX XAPaKTEPUCTUK HAa OCHOBE HMCKYCCTBEHHBIX HEHWPOHHBIX
ceTel, KoTtopas ObUIa YCIEIIHO aJanTHpOBaHa JJisi MPOrHO3a siBJIEHUU Dinb-HuHBO U
Jla-Hunbss u wux tunoB. Mojens OCYHIECTBIISET IOCJIEI0BATENbHBIN 1epedop
MHO>KECTBAa KOHCTPYKLIMI HEHUPOHHBIX ceTed W BblIOOp 20 Hammydmmx. AHcaMOnb H3
OTOOpaHHBIX €10 20 KOHCTPYKIHMI HEUPOHHBIX CETEN COOTBETCTBYET MPOTHOCTUYECKON
(GYHKIIUM MOJIEIH, KOTOpasi MO3BOJISIET 00ECIIEUUTh pPacyeThl ¢ 3a0J1arOBPEMEHHOCTHIO
oonee 12 mecsues.

3. IlpennioskeHHass MOAEIb MO3BOJISIET YCIEIIHO MPOTHO3UPOBATh COOBITHUS Diib-
Hunbo W wux TUO U, C MeEHbIIeH 3a0JaroBpeMeHHOCThIO — coObiTus Jla-
Hunbs. BeposTHOCTh BEpHOTO ONpeeieHHs YCIOBUM, XapaKTEPHBIX AJIs1 COOBITUN DIlb-
Hunbo, B Ieproa 10 OJHOIO roja CyIIECTBEHHO HE 3aBHUCUT OT KOJIMYECTBA MECSLIEB
3a0JIarOBPEMEHHOCTH MPOrHO3a U Bapbupyercs oT 76 mo 83%. B To xe Bpewms,
YCHENIHOCTh  BOCIpou3BeneHus cooObiTuii  Jla-HunHbs yMeHbImaercss ¢ pocToM
3a0J1arOBPEMEHHOCTH TIPorHo3a oT 85 1o 31%.

4. PazpaboTaHHast MOJIE€NIb OTIMYAETCS HU3KOW YyBCTBUTEILHOCTHIO K BECEHHEMY
MopoTy TpeacKazyeMocTu npu nporuose anomaianu TT1O B paitone Nino 3.4 u Nino 3, a
npu nporroze anomanuu TIIO B paitone Nino 4 BeceHHMIl MOpOTr MPEeACKa3yeMOCTH
BOBCE OTCYTCTBYET. JTO 0OO€CIeUMBAaeT €€ NPEUMYIIECTBO 10 CPAaBHEHHUIO C
COBPEMEHHBIMH JUHAMUYECKUMH M CTATUCTUYECKHMMHM MOJEIIAMH IPOTHO3a OJlb-
Hunbo/Jla-HuHbss u 103BOJSET yBEeIUYUTh AS(OPEKTUBHYIO 3a0JarOBPEMEHHOCTH
MporHo3a A0 22 mecdies, 4yTo Ha 10-16 MecsiieB MpeBOCXOIUT 3Ty XAPAKTEPUCTUKY

JTUHAMUYECKUX Mojeleld u Ha 4 Mecsala — Mojeied, OCHOBaHHBIX Ha aJIrOPUTMax
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riyookoro oOydenus. [Iporuos cocrosuus DHIOK na 2023 r., paccuntanHblii B HOSIOpe
2022 T., OIHUM U3 TEPBBIX B MUPE C TOUYHOCTBHIO JO MECAIA MOKazal HAdalo Oiib-

Huuro.
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CHHUCOK COKPAIIIEHUI

BHC — OaiiecoBckast HEMpOHHas CETh

BMO — BcemupHast MeTeoposiornyeckasi OpraHu3anus

BMII — BbIcOTa MOPCKOM TTOBEPXHOCTHU

BIIIT — BecenHuli mopor npeacKa3zyeMoCT!

I'HC — rpadoBas HeilpoHHas ceTh

JAYM — naBneHne Ha ypOBHE MOPS

JUKII — nnaHas 1ens 3J1€MEHTOB KPATKOCPOUYHOUM MaMsITH

HNHC (taxxe HC) — nuckyccTBeHHbIe HEUPOHHbBIE CETU (HEUPOHHBIE CETH)
HNOJ1 — NagookeaHCKUI TUIIO0Jb

NIOK — uHaekc 105)KHOTO KoeOaHus

KM/ — Kone6anus Mannena — J[xynuana

JIJIM — nuHeliHbIe TMHAMUYECKHE MObI

MCII — MHOTOCTIOIHBIN IEPCENTPOH

HCI'TI — neviponHas ceTh ['ayccoBoOM MIIOTHOCTH

HCKP — HeilpoHHas ceTh KBAaHTWIBHOW PErpeccuu

OCHC — ocraTtouHasi CBEpTOYHAsI HEUPOHHASI CETh

POB — perpeccust OIOpHBIX BEKTOPOB

CAK — CeBepoarnantudeckoe KoiedaHue

CHC — cBépToUyHast HEUPOHHAs CETh

TIIO — TeMneparypa MOBEPXHOCTH OKEaHA

TCO — remnocoaepxaHue oOKeaHa

OHIOK — Dnb-Hunbo — IOxHOE Kosiebanue

B0® — sMnupuYecKre OPTOrOHAIbHBIE (YYHKITMH

DIl - »ddexTuBHAsS TPOJOIDKUTEIHLHOCTh TMporHO3a (Korma  Kod(duimeHt
Koppessiuuu 6oibiie 0.5)

20CR — Twentieth Century Reanalysis / Peananu3 aBaanaroro cronerus
AVHRR - Advanced Very-High-Resolution Radiometer (YcoBepiieHCTBOBaHHBII

PaIMOMETP OUYEHb BHICOKOTO Pa3pEIICHHUS)
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CPC — Climate Prediction Center / LlenTp nporHo3upoBanus KiumaTa

E-OBS — Ensembles daily gridded observational dataset in Europe / AncamOnu qaHHBIX
€XXEeTHEBHBIX HAO0JII01eHHI B EBpoITe, NPUBSA3aHHBIX K CETKE KOOPAHHAT

H500 — reonoreniuan Ha nuzobapudeckom ypoBue S00mM0

IGRA v2.1 — International Global Radiosound Archive / HHTepHanmoHaIbHBIHN
['moGanbHBI  apXWB  JaHHBIX  PaJMO30HAMpPOBaHMs, HanWoHanpbHOrO  LEHTpa
kuMatryeckux gaHHbeix CILIA (NCDC)

MODIS — Moderate Imaging Spectrometer / ceKTpOMeTp YMEPEHHOMN BU3yalln3allun
NCDC — National Climatic Data Center / HanuoHanbHBI LEHTP KIMMaTHYECKUX
naaHeIx CIITA

NCEP — National Centers for Environmental Prediction / HamuoHanbHbIi 1EHTp
IIPOTHO30B COCTOSIHUSL OKPY>KAOLIEH Cpe/Ibl

NCEP/NCAR — National Centers for Environmental Prediction / National Center for
Atmospheric Research (HauuoHanbHbII IEHTP NPOTHO30B COCTOSIHUSL OKPY’KaroIIen
cpenbl / Harmonanenerit 1ieHTp atMochepHbix nccneaopanuii CILIA)

NMME - The North American Multi-Model Ensemble (CeBepoamepukaHckuii
MYJIbTUMO/ICIBHBIN aHCaMOJIb),

NOAA - National Oceanic and Atmospheric Administration (HanuonanbHoe
yIpaBlieHUE OKeaHUYeCKuX U aTMocdepHbIx uccienopanuit, CI11A)

RMSE — Root Mean Square Error / CpennekBagparuueckas ommoka

TOGA-TAO — Tropical Ocean-Global Atmosphere and Tropical Atmosphere Ocean
projects (Bcemupnslif uccinegoBatenbckuii npoekT « Tponuueckuit okean — ['moOanbHas
atmocdepa» ¢ 1985 mo 1994 rr., u «Tponmueckas atmocdepa u okean» ¢ 1994 r. no

HACTOSIIIEE BpEeMs)
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HPUJIOKEHHUE A. O0beKkTHBHAS NPOCTPAHCTBEHHO-BPEeMEHHAS

kiaaccupukanus sipjaeHui Iiab-HuHbo

B npunoxenun npensiokeHHast kiaccudukanus coObtuit Inb-HuHb0, KOTOpas
0000111aeT MPOCTPAHCTBEHHbBIE U BPEMEHHBIE OCOOCHHOCTH SIBJICHUM.

Knaccudukanys BeITIOTHSAIACH HEPAPXUUECKUM KIIACTEPHBIM aHAIM30M METOIO0OM
Bapna. Mepoit  TecHOTBI CBs3M  ObUIO  BBIOpaHO  OBKIMJIOBO  PACCTOSHUE.
Nnentudukarnus Hagana coObpITuil Dib-HUHBO BRIMOTHSATIACH C TIPUMEHECHHUEM UHICKCOB
Nino3.4+Nino3 (5° c.m1. — 5° vo.m. u 170° — 90° 3.1.), Ninol+2 (0°— 10° ro.mm1. u 90° —
80° 3.1.) u Nino3.4 (5° ca. — 5° o u 170 — 120° 3.1.). Ilpu ux pacuere
NPUHUMAJIOCh BO BHUMAaHUE Halu4We TpeHjaa, a Takke 20-ietHero macirada
MEKT'0JIOBOM U3MEHUYMBOCTH, CBSI3aHHBIA C TUXOOKEaHCKOW 1€KaJHOW OCUMIIISALUEN.

Baxknyto poiib B mpoliiecce UaeHTU(DUKAIIMN Haydalla SBJICHUS UTPaeT MOJIXO0J K
uccinenoBanuto. OnpeiesieHue BpeMeHrn Hadana coObITUS Db-HUHBO BBITIOIHSIOCH B
nBa sTtana. CHavalla ONPENEesUIMCh CaMH COOBITHA MO HHIEKCY Nino3.4+Nino3,
OCHOBBIBASACH Ha JIBYX KpUTepHsaxX. [lepBblii 3 HUX — TeMiiepaTypHsblii: anHomaims TI1O
noimkHa npessimath 0,5°C. Bropoil KpuTepuil — BpeMEHHOM: JJIUTEIbHOCTh AHOMAINHU
cocTtaBiisieT He MeHee 4 mecsueB. Ha crienytomem stane no uHaekcy Ninol+2 wunu
MHIEKCY Nino3.4 npou3Boauiack KOPPEKTUPOBKA Mecdlla Hayana Jinb-HUHBO B ciydae
WHTEHCU(UKAIIMN SBJICHUS B OJHOM M3 JIBYX BBIOpaHHBIX peruoHax. Takum oOpazom
ob110 BbIOpaHo 30 coObituil Dnb-Hunbo. Ilpu 3TOM 0TMEUEHO, YTO MPAKTUYECKU BCE
SBJICHUSI HAYMHAIOTCS B TMPOMEXKYTKE C ampelia Mo HOos0pb, a MakcuMalbHasg (Qa3za
pa3BUTHS HAOJIO/1a€TCA B MPOMEKYTKE C OKTSIOPS 1O STHBAPb.

Knaccuduxkanus, mo KoTopod HpoBOAWJIACH THUIU3AIUsA COOBITHI Dnb-Hunbo,
ocylecTBisuiack Ha ocHoBe uHIekcoB ATIIO, paccumTaHHbIX [ paloHOB -5,
MPUBEICHHBIX HAa puc. A.l, U UX U3MEHEHHUs B Mpolecce pa3BUTHUS sBICHUS. JlJis
Kaxcoo2o coObITUsl ObUIO BbIOpaHo 1o 50 3HaueHuit uHAekca ATIIO cnexyrouum
oOpa3zoM. DKBaTopHalibHasl 4acTh THXOro okeaHa Oblja pa3jelieHa Ha 5 pailoHOB, KaK
nokaszaHo Ha puc. A.l. J[sg kaxxaoro pailoHa BHIOMPAIMCh 3HAYEHUSI pACCUUTAHHOTO B

HeM unnekca ATIIO B anperne, mae, HiOHe, UIOJIE, aBTYCTE, CEHTAOpE, OKTIOpe, HOSIOpE,
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nekabpe "O roma" u auBape roma "+1". Jlanee, mns xaowcooeo vz ciydaeB Onb-HuHbO
3HaueHus: uHaekcoB ATIIO mepecunthiBasiich B O0amibl oT 0 70 3 1O clieayromen
cxeme. Temmneparypueiii auanazon ot 0°C 10 MakCUMalbHOIO 3HAYCHHS,
Ha0r0/1aeMoro B JitoooM u3 50 BRIOpaHHBIX 3HAYCHUN UHJICKCOB, JIETUJICSA Ha 4 paBHBIX
nuarna3oHa. [Ipu 3ToMm, 3HaUeHHUIO MapaMeTpa, MOIAaBIIeMy B ONPEACICHHBIN HUamnma3oH,
MIPUCBANBAJICS COOTBETCTBYIOIIMI Oay, rae 3 6amia BOCIPUHUMAIOCH KaK BBICOKHE
TeMmreparypHble aHoManuu, a (0 — Kak OTCYTCTBHE aHOMAJIMH. OTO IO3BOJIMJIO

paccMaTpuBaThb BCC COOBITHS KaK PaBHOLICHHLIC, TO €CTh oe3 yucTa X HHTCHCUBHOCTHU.

AN
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Pucynok A.l — o0sactu, B KOTOPIX paccUuThiBasIiCh anoManuu T11O

B pe3yJbTare HOBOU 00BEKTHUBHOM ITPOCTPAHCTBEHHO-BPEMEHHOMN
kinaccuukanuu no ATIIO Obuto BeisiBiIeHO 2 THHa Dnb-Hunbo (Tabn. A.l), umeromiue
CYILLIECTBEHHBIE Pa3JINUUsl B XapaKTEpPe PACHPOCTPAHEHUS aHOMAJIMHU TEMIIEpaTypbl U
Mecsle Havyana sisieHud. K nepsomy tuny kinaccudukatop otec 20 coObITHI, HaYaio
KOTOpBbIX HabJt0/1aeTCsd BECHOW W B Havaye jieta (puc. A.2-g), Mpu 3TOM BecHOU 14
COOBITUH, a »3TO CcOCTaBisieT OoJblle MOJOBUHBI ciay4yaeB. Anomanus TIIO
pacmpocTpaHsieTcs B 3alaJHOM HampaBieHuWW. MakcumanbHas (a3a pa3BUTHA
HaOJII0/1aeTCsl OCCHBIO M B HaJayie 3UMbI, B CPEIHEM, B OKTAOpe-aekadpe (puc. A.2-2).
[TonyyeHHOMY THIYy 1aHO Ha3BaHue Becenne-nemnuti gocmounsiii (BBT).

OcrtaBmmecs 10 coObITHil KaccudukaTop OTHEC KO BTOpoMy THUIly (Tabm. A.l).
Bropoii Tun HaumHaeTcs oceHblo (puc A.2-a). UcknroueHuem SsBISIETCS JUIIb J1Ba

coobiTust: Dnb-Hunbo 2009 roma, xoTtopoe Havanoch B urojie U Iiab-Hunbo 1940,
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HA4YaJio0 KOTOpOro wuieHTHU(uUIMpoBaHo B sHBape. AHomamus TIIO kak B MOMEHT
3apOXKICHHS, TaK U B MAaKCUMAJIbHYIO a3y pa3BHTHSI, PACIIOIOKEHA ITPECUMYIIIECTBCHHO
B IIEHTPE dKBATOPUATILHOM 30HBI THXoro okeana. MakcumanbHas (a3a HaOIIOJAETCS B
HOsIOpe-sHBape (puc. A.2-0), a JIMTEILHOCTh COOBITHS HE MPEBBIMIACT 7-8 MECSIICB.
VckimroueHre COCTaBJIAIOT ABAa HanOOJIee MHTCHCUBHBIX U MPOIOJDKATEIBLHBIX COOBITHUS
BbIieieHHOTO THHa: 1/1940 — 12/1941 u 10/1986 — 12/1987, nnuTenbHOCTh KOTOPBIX
npeBbImaet 1 roj, a paza MAaKCUMAJILHOTO PA3BUTHS MPUXOJIUTCS HA MapT-Mal U UIOJTb-
CEHTSIOpb, COOTBETCTBEHHO. OTOMY THITy COOBITHH maHO Ha3BaHue OcenHeco-

Llenmpanvroeo (OLT).
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Pucynoxk A.2 — xomno3utHbie kapTel pacupenenenus ATIIO B 6amnax ans OceHHero-

LlenTpanpHOTO THIIA, @ — BO BpeMs HavaJia sIBJICHUS (CEHTAOPBh-OKTSIOPb), 6 — BO BpeMsi
(hazbl MAKCUMAaJIBHOTO Pa3BUTHUS aHOMaIUU (HOSIOpb-HBaphb) U 11l Becennero-

BocrouHoro turma, 6 — B Hauasie (Mai-uroJib) U 2 — BO BpeMsl (pa3bl MAaKCUMAJIbHOTO

pa3BUTHS ABJICHUS (OKTAOPh-1eKa0Ph).

BriaeneHnple TUNIBI MMEIOT HEOAHOPOJIHYKO CTPYKTYpPY IOJISI pacIpeIesieHUs
aHOMAJIUU a TaK)Ke 3aMETHOE Pa3IMYHbIE B MecsIe MHTeHCUUKauu coobITuii. 13 puc.

A.3 BUAHO, 4TO Havasio coObIThil Dnb-Huabo BBT uMeroT BhipakeHHBIN MUK B aripeie,
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kak Onb-Hunbo OULT wuHTEeHCHbUIIUpYETCS

MPEUMYIIIECTBEHHO B CEHTSIOpE U OKTSOpeE.

Ta6nuna A.1 — PesynbTraTel knaccudukaruu Ha ocHoBe 6amta ATIIO, tun 1 — BBT, 2

- OoLT
Mec./ron Makec. 3HaueH Mec./ron Makc. | 3HaueHu
Kiac-s Onb- Kiac-s Onb-
Hunso MecAL uc Humnbo MECHIL] €

1 5/1877 12-2 2,71 1 7/1963 10-12 1,19
2 10/1885 11-12 1,03 1 4/1965 10-12 1,74
1 5/1888 11-1 2,37 2 11/1968 | 11-12 0,83
| 7/1896 11-1 1,64 1 4/1969 10-12 1,05
1 8/1899 12-2 1,59 1 4/1972 10-12 2,26
| 6/1902 9-11 1,61 1 5/1976 9-11 1,12
1 7/1904 9 0,97 2 10/1977 | 11-12 0,75
| 5/1905 8-11 1,37 1 5/1982 11-1 2,51
2 9/1911 11-1 1,51 2 10/1986 7-9 1,53
1 6/1918 11-1 1,36 2 10/1991 12-2 1,35
| 4/1925 12-2 1,49 2 10/1994 11-1 0,98
1 7/1930 11-1 1,75 1 5/1997 10-12 2,49
2 1/1940 | 3-5/1941 1,35 2 9/2002 11-12 1,16
1 7/1951 10-11 1,07 1 9/2006 12 0,93
1 4/1957 11-1 1,43 2 7/2009 11-1 1,52

o 7

56

45
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52
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Mecstit Hauama COOBITUS
Pucynoxk A.3 — pacnpenenenusi coobituii Onb-Hunbo BBT (cromnast) u OLT
(ITpUXOBaHHAS) OTHOCUTENILHO MECSIIA Hauasa SIBJICHUS
Takum  oOpazoMm, METOJOM OOBEKTUBHOM  IMPOCTPAHCTBEHHO-BPEMEHHOMU

KJIacCU(UKAIIMA BBIJCICHO JIBa THIA SBJICHUN Oab-HUHBO: BECEHHHMI BOCTOYHBIN H

OCEHHMU-1IEHTPAIbHBIN U BBISBIICHBI X XapaKTEPHbIE OCOOEHHOCTH.
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Jl7is mepBOTO TUMA CBOMCTBEHHBI MHTEHCHU(UKALMS OTPHUIATEIbHOW aHOMAJIHH
TeMriepaTypbl y OeperoB FOxHoil AMepHKd U MOCHENyIOllee €€ pacHpoCTpaHEHUE B
3amajgHoM HampaBieHuH. Haudano 3TUX cOOBITHI NPUXOIUTCS HAa BECEHHHUU CE30H H
HayaJio Jieta. MakcumanbHOU (pa3bl OHU JOCTUTAIOT B OKTSIOpe-aeKadpe.

BTopoi, oceHHUI LIEHTPAIBHBIN TUII XapaKTEPU3YETCS TEM, UTO B IECHTPE TUxoro
OKeaHa oTMedaeTcs kak mHTeHcudukamus Teruion ATIIO, Tak m mokamu3arust 3Toi
aHoMaJud B a3y MaKCUMAaJIbHOTO pa3BuUTUA. Havano sBieHus MpUypoYeHoO K OCEHH, a

MaKcuMasbHas ¢aza TOCTUTACTCS B IIEPUOJ C HOSIOPSI TI0 STHBAPb.
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HPUJIOKEHUE b. CpaBHeHue npeaio:KeHHOM HelpoceTeBO MO/IesId ¢

HEKOTOPBHIMH MOJIEJISIMHU ITyOOKOT0 00yueHust

B »toM mnpunoxennn Ha puc. b.l mTpuBeAcHBI CpaBHUTEIBHBIE OIICHKU
pa3paboTaHHON B pabOTE ¢ HEKOTOPBIMU MOJIEISIMU IIyOOoKoro o0ydeHus: padbor [Geng,
Wang, 2021; Zhou, Zhang, 2022; Patil et al., 2023]. O4ueBugHO, YTO TSI BCEX CIIydacB
npeasiaraemMasi MoJielib JIydllie crpaniisiercsa ¢ BocripousBenenueM DHIOK, ocobenHo ¢
OOJBIIIMMU CPOKAMH 3aJTaTOBPEMEHHOCTH TporHo3a. C 3a01aroBpeMeHHOCThIO MEHEe 7

MecsieB MoJienb [Zhou, Zhang, 2022 ] oka3zajiach 3aMETHO JIy4III€.
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Pucynok b.1 — CpaBHeHHE CITIOCOOHOCTEN MPOTHO3UPOBATH TPEXMECIIHOE CKOIB3SIICE
cpennee uHaekca Nino 3.4 MojensiMu rTyOOKoro 0Oy4eHHs B CpaBHEHUH C
MPEIOKEHHOM MOJIETBIO 332 BpeMeHHbIe nepuobl a — 1994-2020rr., 6 — 1984-2021rr.

ue— 1994-2017rr.
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HPUJIOKEHUE B. Biansinue y4yera TenjiocoJep:KaHusl OKeaHa Ha riiyOuHe /10

300m Ha Ka4eCTBO MOAEJIUPOBAHMS

B nmpunokeHMH COMOCTaBIIEHBI pe3yJbTaThl MOJACIUPOBAHUS C  YYETOM
Terocoepkanus okeana B coe 0-300m (TCO300) u 06b1uHOM MoAEnU U3 naparpada
4.2 ma xoHTpodsHOUW BeIOOpKE (2007-2023 T1.). CiemyeT OTMETHTh, YTO OOYyYarOIInn
nepuoa moxaenu ¢ ydetom TCO300 ObT1 KOpodye Ha ACCATH JIET, YTO CBS3aHO C
noctynmHocThio maHHbXx TCO300, psg koroporo HaunmHaercs ¢ 1958r. U3 rpaduka Ha
puc. B.la BunHO, uro crnocoOHoctu Mozaenu ¢ ydyetoM TCO300 HECKOJIBKO BBILIE C
3a0J1arOBPEMEHHOCTBIO 710 6 MecCsIIeB U HIDKE ¢ OoJblei 3abiaroBpeMeHHOCThI0. [1pu
stoM ycnoBust Onb-Hunbo wmoxpens TCO300 BocmpousBoaut ayuiiie 0a30BOH C
3abnaroBpeMeHHOCThI0O 10 10 mecsieB (puc. B.16). YcnoBus Jla-Hunbs naoGopot
mozenb TCO300 BOCHPOM3BOAUT HECKOJIBKO XYK€ CO CpEIHEd U BBICOKOU
3a0J1aroBpEMEHHOCTHIO TIporHo3a (puc. B.1B). Mogens ¢ yuerom TCO300 otnuuaercs
BBICOKOI TTOBTOPSIEMOCTBIO OITMOOYHBIX ycinoBuit Inb-Huubo u Jla-Hunbst Ha O0bImx
Cpokax 3a0JaroBpeMeHHOCTH OT 6 MecsueB (puc. B.1r).

B wnenom, npumenenne TCO300 HECKOIBKO YIy4IIa€T HOPOTHOCTUYECKUE
CIIOCOOHOCTH C 3a0JIarOBpEeMEHHOCTBIO 70 6 MecsIeB, OJIHaKO ¢ OoJbliei
3a0J1arOBPEMEHHOCTBIO  CIIOCOOHOCTH 0a30BOMl  MOJENIM HECKOJBKO JIydYIlle, YTO

BEPOSITHO CBSI3aHO C 00siee KOPOTKUM oOyuaromuMm repuoaomM mojaenu TCO300.
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Pucynoxk B.1 — (a) — ko3 duniueHT Koppesiuu 3a KOHTpoJbHbIHN nepuo (2007-
2023) B 3aBUCHUMOCTH OT 3a0JaroBpeMEHHOCTH IMpPOTHO3a; (0) — MOBTOPSAEMOCTH
BOCIIPOU3BEJEHUsT ycaoBuil Onb-HubHO; (B) — MOBTOPSIEMOCTh BOCHPOU3BEIACHUS
ycioBuit Jla-Hunbs; (1) —ommbounsie ycnoBus Inb-Hunbo win Jla-Hunbs. NN 1948 —

oObryHast Mmojenb u3 naparpada 4.2; NN CH300 1958 — monens ¢ yuetom TCO300.



