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JlaGopaTopusi MaTeMaTU4€CKOT0 MOAeJIMPOBAHHSI MPOLIECCOB
B atMoc(epe u ruapocepe

3aB. naboparopueii — n.¢.-m.H. Ky3un B. .

BakHeHmiue 10CTHKeHUA

Ouenka 6asnanca npecHoii Boasl B CesepHom Jlenosutom okeane B XXI B.

I'ugponoruueckue npouecchl B APKTUKE SIBIISIIOTCS] BAKHON COCTABJISIFOLIEH 1100aIbHOTO T'H-
aposioruueckoro 1ukina 3emiau. Ha OCHOBE YMCIEHHBIX 3KCIIEPUMEHTOB MO MOZIEINsIM, paspado-
tanHbIM B UBMuMI" CO PAH, npeacrasieHbl pe3yibsTaThl paCpOCTPAHEHHSI aHOMAJIHI MTPECHOMN
BOzbI OT cubupckux pek B XXI B. B CeBepHom JlenoBUTOM OkeaHe B yCIOBUSX BO3MOXKHBIX H3Me-
HEHUH KJIMMAaTa Mo MPOrHo3aM Ha OCHOBE MOJENEN, YHACTBYOLINX B MEXKy HAPOJHON pOrpaMme
IPCC. YcraHoBI€HO, YTO MEXXI0O0Basi U3MEHYMBOCTb peyHoro ctoka B XXI B. uMeeT 3Ha4YMMBbIi
MOJIOKUTEIIbHBIN TPEHN.

AHanu3 pe3ybTaToB MOAENNPOBaHUS PACIPOCTPaHEHHsl aHOMAJIUH PECHO BOJbI B APKTHKE
B XXI B. moka3bIBaeT, 4TO HaMOOJIEE BAXXHYIO POJIb UTPAIOT MEPHUOABI CMEHBI aTMOC(EPHON LUp-
Kynauuu. Ha OCHOBe pe3yasTaToB pacyeToB YCTAHOBJICHO, YTO YKa3aHHbIE H3MEHEHUsI IPUBOIAT K
yYBEJIMUEHHUIO 3KCIOpTa MpecHOM Boabl B CeBepHY0 ATIAHTUKY IPU CMEHE aHTULUKJIOHUYECKOM
LUPKYJISLIUKA HA LUKJIOHUYECKYHO0, YTO MOXKET NPUBOAUTH K U3MEHEHUIO MEPUANOHAIBHON LIUPKY -
JSILUU OKEaHa.

H.¢.-mu. Ky3un B. ., n.¢.-m.1. [InatoB I. A, Jlanrea H. A.

Puc. 1. Pactpenenenue anomamnuii npecHol Boasl B Apkrrke B XXI B.
[0 OTHOLICHHUIO K COBPEMCHHOMY KIHMATY: B ICPUOABI MPCOONaTaHUs LIMKIOHHUCCKOM
uupkymsiaud Boa CJIO (caesa), aHTHLHKIIOHHUYC CKOUM LIMPKYIISLNM (CIIpaBa)

OTuyer no 3TaNamM HAY4YHO-HCCJIEA0BATEIbLCKHX PadoT, 3aBepimeHHbIM B 2015 1.
B cooTBeTCTBHH ¢ IiianoM HUP uncTutyTa

Hpoext HUP 1.3.1.2 "Pemenne 3anau ¢pusuku armochepsl, rupocheps! 1 OKpyKaroIIen cpebl
METOIJAMHU MaTEMaTUYECKOTO MOACTUPOBAHUSA" .
Howmep rocynapcrsennoii perucrpauuu HUP 01201002447.
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Puc. 3. PactipocTpanenue npecHsIx BoA p. JleHsl. Pacnpenenenue coleHOCTH B IOBEPXHOCTHOM CJI0€
BOCTOYHOM yacTtu Mops Jlanresrix B netHui nepuox 2008 r. MoxenpHBIN pacdeT

MOZIENIU U THAPOANHAMHUYECKAash MOJENb AeJbThI p. JIGHBI, B) MOAENb OCaIOYHOTO CJIOsi ¢ MHOTO-
JIeTHEH Mep3JI0TOH; I') MOIYJIb YCBOEHUSI JAHHBIX KOHTAKTHBIX U CITy THUKOBBIX HaOMIOAEHUH,

Ha ocHoBe pa3paboTaHHOrO KOMILIEKCa ¢ MpUBJIeYeHHeM arMochepHoro (opcrHra CoBpe-
menHoro peaHanuza NCEP/NCAR uccnenyroTcsi BO3MOXKHbBIE IPUYHMHBI U3BECTHOTO M3 TaHHBIX
HaOMIOAeHUH MOBBILICHUS] TEMIIEPATYPhl BOA MPUIOHHOTO CJIOS BOCTOYHO-CHUOMPCKOTO CEKTOpa
Apxrrueckoro mwenbda. Cpennu BO3SMOKHBIX IPHYUH MOSIBICHUS aHOMAJIMH PUIOHHOHN Temrepa-
TypbI B 00JIaCTH 1ejb(a paccCMaTPUBAIOTCS: a) BO3MOXKHOCTD 3aTOKA B IIEIb(OBYIO 30HY TEILIBIX
Box arinantudeckoro cnosi CJIO, TpaekTopHst KOTOPBIX MPOXOAHT MO FPaHULE enb(OBOI 30HBI,
0) nepepacnpeneneHue BOAHBIX Mace 1eNb(OBON 30HbI, BBI3BAHHOE CMEHOH PEXKUMOB LIUPKYJIsi-
uu arMocdepsr; B) GopMupoBaHHE aHOMAIHI TeMIepaTy pbl, 00y CJIOBJIEHHBIX TEIIOBBIM CTOKOM
pek. [IpoaHani3upoBaHO BIMSHUE TETJIOBOIO CTOKA APKTUYECKUX PEK Ha pacrpenesieHHe Jieno-
BOTO MIOKPOBA, TEPMOXAJIMHHBIX XapPAKTEPUCTHK M COCTOSIHUE MOABOAHON MEP3JIOTHI B MacITadax
Cesepnoro JlenoBuToro okeaHa ¥ BOCTOUHBIX MOPsIX cuOMpckoro wmenbda. BrissBnensr ocoden-
HOCTH PacCHpOCTPaHEHUs MPECHBIX BOA P. JIeHbl, 00y CIIOBIEHHbIE U3MEHYMBOCTHIO TUHAMUKH aT-
MocGepsl U COCTOSTHHEM JIEOBOTO MOKpoBa Mopsi JlanTeBbix (puc. 3).

[Ipoananu3upoBaHO PACIPOCTPAHEHHE AaHOMAJIMH TEIUION PEYHON BOABI B MPUIOHHOM CIIOE
menb(oBoit 30HbL. 1o pesynbratam pacueToB 3TH aHOMAJHUU UMEKOT JIOKAJIbHBIN XapakTep, TH-
MUYHBIN J1JIs1 MEJIKOBOAHOM YacTH mmejbda, U UCUe3al0T B OCeHHe-3uMHui nepuon. [IpoBeneHHbie
SKCMEPUMEHTHI MOKA3bIBAKOT, YTO CE30HHAsI M MEXTO10Bas IMHAMHKH TeMIIEPaTypbl PUIOHHOTO
CJIOSI MOPCKOM BOZBI OOECTIEYMBAIOT COBPEMEHHOE COCTOSIHUE TOABOIHOW MEP3JIOThl U BIIHSIOT
Ha MHTEHCHUBHOCTb MPOLIECCOB €e Jerpanauui. YucieHHOe HCCIeA0BaHUe MOKa3allo, YTO MOBbI-
LIeHHE MPUIOHHOW Temneparypbl Bozibl Ha 2 °C B aBrycTe M CEHTAOpEe MPUBOIUT K yBEJINYEHUIO
CKOPOCTH NMpPOTaMBAHUS MOIAOHHOTO MEP3JI0r0o IPyHTa B PaiiOHe BIMSHUS TEIUIBIX PEYHBIX BOJ.
B pesynsrare ce30HHOrO MpoTauBaHHUs 00pa3yeTcsl TANUK, KOTOPbI HaYMHAET 3ariyOsiThCs 3a
cuet nuddy3un Tena gaxe npu JajibHENHeM TOHWKEHUH TeMIIePaTypbl BEPXHETO CJIOs TPYHTA.
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IIposeneno uccnenoBanue BIUsiHUSA 3aconeHust BepxHero 10-30-meTpoBOro ciost JOHHBIX OT-
JIO)KEHUI Ha UTHTEHCUBHOCTD Pa3pyILIEHHsI MEP3JIbIX MOPO Ha LieNib(he MOpei BOCTOUHOH APKTHKH
Ha OCHOBE MOZEJU MOBOAHON Mep3J0Thl. bosbinas riyOrHa nmpoTanBaHusi MEP3JIbIX JOHHBIX OT-
JIOKEeHUI 00yCJIOBIEHa UX 3aCOJIEHHEM BCJICACTBHE MUIPALMHU COJNEeH B MOPOBOE MPOCTPAHCTBO
nocJie 3aTorieHus menbda cojaeHol Mopckoi Bomoi. CybakBajbHasi MEP3JIOTa B BEPXHEM CJIO€
JerpaaupyeT U pu OTPULIATENbHBIX TEMIIEPAaTypaxX JOHHBIX OTJIOXKEHUI MO/ BO3AEHCTBUEM Cconel
B [TIOPOBBIX BOJAX.

[IponomxeHa cepust SKCIEPUMEHTOB C MOIENbIO 1IENNb(OBON 30HBI OKEaHa, SIBJISAOLIEICS Ya-
CTBIO CUCTEMBI BJIOKEHHBIX OkeaHudeckux moaeneit UBMuMI'. B pesynsrare 4uciaeHHOro uc-
CJIeIOBaHMSI XapakTepa pacrnpocTpaHeHus: OeperoBbix 3axBaueHHbIX BOJH (b3B) BhissBHIUCH 1B
Ba)KHbIE OCOOEHHOCTH PErHOHAJIBHOTO MOJEIUPOBAHHS B3aMMONIEHCTBHS LI1eNIb(OBOIH 30HBI C OT-
KPBITBIM OkeaHoM. [lepBast 0OycyioBiieHa TeM, 4TO LT BOJIH 3TOrO TUIIA MOXKET (POPMUPOBATHCS B
pesysbTaTe BETPOBOIO BO3ACHCTBYSI HA 3HAUUTEIbHOM YIAJI€HUH OT MECTA, [7I€ UX BIMSAHHUE MOXKET
nposiBUTHCSA. PacripocTpanenue Baoib OeperoBoil JMHUK MPOUCXOAUT Oe3 CyIeCTBEHHbIX MOTEPh
SHEPrUH BOJIHBI PU YCJIOBUH, YTO Oeperosasi JIMHUS U peibed menbhoBol 30HBI HE COmepIKaT
0CoOeHHOCTel, CpaBHUMBIX ¢ paauycoMm PoccOu. Bropast ocodenHocTs, cBsizanHas ¢ b3B nins pe-
THOHAJIBHOTO MOJEJIMPOBAHMS, 3AKII0YAETCS B TOM, YTO PACHPOCTPAHSIOIIASACS BOJHA CIIOCOOHA
peasn30BaTh YacTh CBOEH SHEPruu Ha (POPMUPOBAHHE AaHOMAJIUI MJIOTHOCTH HA wesbpe myTem
No’beMa MPOMEKYTOUHBIX BOJ U3 MPUMBIKAIOLIUX K HIeTb(POBOI 30HE pallOHOB OTKPBITOTO OKea-
Ha. EcTecTBEHHO, YTO MpH 3TOM 4acTh LIETbPOBBIX BOA (HOPMHUPYET MPOTHBOIMOIOKHbBIE aHOMA-
JIUU B OTKPBITOM OKEaHe.

IIpu MopenupoBaHHUU MPOLIECCOB B OKEAHE B HACTOSIILEE BPEMsl LIMPOKO UCIIONB3YHOTCS all-
TOPUTMBI YCBOEHHSI TaHHBIX. B 1eJsIX neTanbHOro usydeHus: menbpoBbiX pailoHoB CeBepHOro
JlenoBuTOro OkeaHa MCIMONb30BAH AJrOPUTM YCBOEHMs, OCHOBaHHbBIM Ha TEOPUM ONTHUMAJIbHOMN
¢unbrpanun Kanvana. JlupupyromumM HanpaBieHHEM B 3THX padoTax sIBISETCS aHCAMONEBbIN
MOAXO/, B paMKaxX KOTOPOIO MaTpHLbI KOBapUaLMil OMMOOK OLIEHWBAHUS JJIsl HEJIMHEHHBIX MPO-
THOCTHYECKHUX MOJIeJIe OLEHMBAIOTCS C MOMOINBIO aHCaMOJIsi MpOrHo30B. sl pemeHust 3aaa-
Y1 YCBOEHHSI TAHHBIX OKEAaHMYECKUX HAONIONEHUI NMPEJIOKEH aJITOPUTM, OCHOBAHHBIA HAa 3TOM
noaxofe. OLieHka CBONCTB aJlrOPUTMa MPOBOAMUIIACH C TMOMOLIBK YHCIEHHBIX 3KCIIEPUMEHTOB C
MOJIEIbHBIMU JAaHHBIMH, KPOME TOIO, NMPOBOAMUIUCH YUCIEHHbIE 3KCIIEPUMEHTBI M0 YCBOEHUIO
nanabix AAHWHM Pocruapomera, a Takoke apXxuB cryTHUKOBBIX HaOmonenuii Pathfinder NOAA/
AVHRR nns paiiona Mops JlanteBbix.

Ha ocHoBe ypaBHeHus1 epeHoca NpUMecH B HUXKHEH aTMochepe pazpadoTaHa MOJENb pEKOH-
CTPYKLUU TMOJIeH KOHLIEHTpPALUU OT COBOKYMHOCTHU ra30a3po30JbHbIX UCTOUYHUKOB. lIpennoxken
METOJl OLIEHUBAHUS MapaMeTPOB MOJENM U YUCJIEHHOTO MOCTPOEHHUS JIOKAJbHO ONTHMAaJIbHBIX
ruiaHoB HaOmoneHnid. C ucnonp3oBaHueM pa3pabOTaHHOW MOIENH M JaHHBIX MOHUTOPHHIA 3a-
IPSI3HEHUs] CHEJKHOTO MOKpoBa B okpecTHoCcTsX TOLI-2, TOLI-3 HoBocubupcka npoBeneHo 4uc-
JIEHHO€ BOCCTAHOBJICHUE MOJIeH BbIMaJeHUs MbUIH, HIOHHBIX KOMITIOHEHTOB. MccienoBaHo BIUsHNE
3¢ eKTOB MOBOPOTA BETPA B CJIOE PACTPOCTPAHEHHSI TPUMECH Ha (POPMUPOBAHHE MOJEH IJTUTEIb-
HBIX a3PO30JIbHBIX BbIMajeHuil. IIpencTasBieHbl OLIEHKH CyMMapHOro OCEeaHms MbLIN 110 TEPPUTO-
pusim ropoza ot Tpy6 TOLI-2 u TOLL-3.

Ha ocHoBe neficTBYIOIUX HOPMATHUBHBIX JOKYMEHTOB C(HOPMYIUPOBAHBI U MTOKa3aHbl OCHOB-
Hble KPUTEPUH PEJIEBAHTHOCTH, KOTOPBIM JOJKHBI OTBEYATh NEPBUYHbIE AaHHBIE, MOJIyYaeMble C
TOPOJCKUX CTAHLMI KOHTpPOJIS 3arpsisHeHust atMocdepHoro Bozayxa. Ha npumepe KpacHosipcka
MIPOBEZIEHO CpPaBHEHUE XapaKTEPUCTUK KOHTPOJUPYEMBIX TEPPUTOPHI U IOKa3aTened 3arpss-
HeHus. IlpuBeneHbl nmpuMepbl HECOOTBETCTBHUS IMOJyYaeMbIX [aHHBIX MapaMeTpaM 3MHUCCUU
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Puc. 4. BoccraHOBICHHOS CYyMMApPHOS MOJIC BhIMAACHHH mbLTd B cHere ot TOL-2 u TOLI-3
HosocuGupcka (r/m?) (a); u3MepeHHas M BHIYUCICHHAS KOHLEHTPALMH MbUTH B TOYKaX 0TO0pa npod (6);
BOCCTaHOBJICHHAS KOHLICHTPALIMS TIBIIH B CEBEPO-BOCTOUHOM HampasiicHHH oT TIL (8);
0003HAUCHUS. O — OTIOPHBIC TOYKH, ® — KOHTPOJIBHBIC TOUYKHA HAOTIOACHHM, ¥ — MOIOKCHUE NCTOYHHUKOB

Puc. 5. Ilpumep po3ser BeTpoOB
Ha TOPOACKUX CTAHLHSX KOHTPOJIS
3arpsisHeHHs atMocdepsl B KpacHospcke
(B ICBOM BEPXHEM VITIY — pO3a BETPOB
¢ mereoctannu KpacHospcek,
unuaexkc BMO 29570)

SR N [
BCJICACTBUE HEAOCTATOYHOIO y4€Ta 0CcOOEHHOCTEH BOSHYXOO6MeHa " MEPEHOCA 3arpsA3HAIINX
BCIICCTB BHYTPU KBAPTAJIbHBIX TeppHTOpHﬁ, MPEAJIOKEHDI ITYTU U METOABI PCIICHUSA BbIABJICHHBIX

polbJieM NP OpraHU3aLUH HAOIIONSHUH 32 COCTOSTHUEM U 3arpsisHEHHEM aTMOC(epHOro BO3ayXa
B roponax.

Pe3yabrarsl pador no npoektam POOU

Mpoext PODPU Ne 14-05-00730-a "Uccnenosanue (opmupoBaHus U OajlaHCa BOOHBIX MAacc
CesepHoro JlenoBuToro okeana Ha OCHOBE YMCJIEHHOTO MOJEIUPOBaHUA".
PykoBonurens— a.¢.-m.H. Ky3un B. 1.

Ha ocHoBe aHanm3a pe3yasraToB YMCIEHHOIO MofieanpoBanus ruaporepmoanHamuku CJ10 B
1948-2013 rr. yCTaHOBJIEHO, YTO K3MEHUYHUBOCTh aTMOC(EPHON HUPKYJIISIUH APKTHKHU OTPasKaeTCs



