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AnHoTanudA. J[ng aHamM3a TIOTOKOB TeIJIa MCIOJIb30BAaHBI JIaHHBIC
HaOmonenut  3a  1979-2018 rr. B paiioHe CeBepHOl ATIAaHTHKH.
[IpocTpaHCTBEHHO-BpEMEHHAsT W3MEHUYMBOCTH  IMOJHOTO TOTOKAa  TEIUIa,
MpEeCTaBISAIoNIero co0oil CyMMy TOTOKOB CKPBITOTO U SIBHOTO TeIia,
MOJEJINpOBaIach CTOXaCTUYECKUM GG y3nOHHBIM MPOLIECCOM.
Kosdpdummentsr  croxactuueckoro  audPepeHIHAIBHOTO  ypaBHEHMUS,
MPEJICTABJISAIONIET0  CTOXAaCTHYECKHWH  Mporecc, OBUTM  CTaTHCTHYECKHU
ompeAeNieHbl W3 MCXOMHOTO Habopa MJaHHBIX. PaHee CyliecTBOBaHHWE U
€IMHCTBEHHOCTh  pEIIeHHWs B  CHJIBHOM  CMBICIIE  CTOXaCTHYECKOTO
g hepeHInaTbLHOTO ypaBHEHUS, MOPOKIEHHOTO MTOCTPOCHHBIM
i Py3HOHHBIM TPOIIECCOM, OBUIM JTOKa3aHbl TPU BBITTOJIHCHUH YCIOBUH
KonmoropoBa. B Hacrosimeit pabore aHanu3upyeTcsi NPOCTPAHCTBEHHAs U
MHOTOJIETHSII U3MEHYMBOCTh MOJS TEIUIOBBIX MOTOKOB. Ilo 3amanHOMY psimy
auHou 40 net ¢ 1979 no 2018 r. 6pUIM OCTPOEHBI MPOCTPAHCTBEHHBIE KAPTHI
U BpEMEHHble KpuBble. YHCIEHHBIE pacyeTbl Ha CYINEpPKOMIIbIOTEpe
«JTomonocos-2» MI'Y um. M.B. JlomoHocoOBa.

KuawueBble c¢jioBa: aHAIN3 BPEMEHHBIX PAJIOB, KIMMATHUYECKUM CE30HHBIN
X04, MaKCHUMAaJIbHBIC W MHUHHUMAJIILHBIC 3HA4YCHUA TCIIJIOBBIX IIOTOKOB H
TeMIIepaTypbl BHYTPH KJIMMATHYECKOTO TOJ1a
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Abstract. For the analysis of heat fluxes, observational data for 1979-2018
in the North Atlantic region were used. The spatiotemporal variability of the
total heat flux, which is the sum of latent and sensible heat fluxes, was modeled
by a stochastic diffusion process. The coefficients of the stochastic differential
equation representing the stochastic process were statistically determined from
the original dataset. Previously, the existence and uniqueness of a solution in
the strong sense of a stochastic differential equation generated by the
constructed diffusion process were proved under the conditions of Kolmogorov.
In this paper, we analyze the spatial and long-term variability of the heat flux
field. For a given series of 40 years in length from 1979 to 2018, spatial maps
and time curves were constructed. Numerical calculations realized on the
Lomonosov-2 supercomputer of the Lomonosov Moscow State University
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[IponomxeHbl UCCJIeI0BAHMUS POCTPAHCTBEHHO-BPEMEHHOTO
pacopeneneHusi TEroBbIX MOTOKOB B CeBepHoi Atinantuke [1]. JlaHHbIE
MOTOKOB Opaluch M3 arjaca MEXIyHapOIHOTO IPOEKTa, Pa3MELIEHHOTO B
MHTEPHET B OTKPBHITOM IS HAYYHOT'O MCIIOJb30BAHUS BapuaHTe [2].

N3meHeHne MOTOKOB MOJIETUPOBAIIOCH C TOMOIIBIO CTOXAaCTUYECKOIrO
nuddepennnanbHoro ypaBHeHus (ypaBHenue JlamxeneHna) [3]

dX = a(t, X)dt +b(t, X)dW (1)

rae X — MOTOK Teruia B TOYKE IJIOCKOCTH X W MOMEHT BpeMeHu f, a dW —
cTaHAapTHoe 0003HaueHue «l'ayCCOBCKOIo Oenoro mryma.

Cratuctuyeckumu  Metojgamu [4]  ompenensauch K03 OUITUEHTHI
ypaBHenust (1), a(tx) — xo3dpdumuent cuHoca, u b(t,x) — xKodhPuUIEHT
muddy3un. CTpoUIUCh BPEMEHHBIE U TTPOCTPAHCTBEHHBIE PACTIPEICICHHS ITUX
BenuunH. Ha Puc. 1, 2 npuBenens! rpaguku BpemeHHoro xona 3a 1979, 1999 u
2018 roaw! misa cpenHux 3HaYeHUH KodpdunmerToB a(t,x) u b(z,x) .

[IpoBenem KkpaTkwii aHaMW3 TMOMYYEHHBIX KOIPHUIIMEHTOB U HX
¢busnueckuit  cmbici.  Puc.  1(a-B) TOKa3bIBalOT CpeaHEe TOBEACHHE
koa(pduimenTa cHoca a(t,x) B T€YEHUE BPEMEHM (¢ MEHSETCS 4epe3 CYTKU B
TEYCHHE TOJa, a 3HAUCHUE X OIMpPENeseTCs KaKk CpeHee 3HAYeHHE MOTOKa IO
paccMaTpuBaeMoil 00JIacTH B 3a/JaHHBII MOMEHT BPEMEHH, TO €CTh CpelHee 10
obnactu 3a (¢uKcupoBaHHble CcyTku). Ha puc. 1(a-B) mnpuBeneHs
cooTBeTCTBYIOIME 3HayeHud 3a 1979, 1999 u 2018 rogpr. X 3THX pUCYHKOB
XOpOIIIO BHUJHO, YTO CTJIQKEHHOE 3HAYEeHHE JTHX KOI(PPHUIMEHTOB XOPOIIO
anmpOKCUMUPYETCS ~ TPUTOHOMETPUYECKOM  3aBUCUMOCTBIO, C  T0JIOBOM
rapMOHUKOW Kak Ha puc. 1(a), Wi HECKOJbKUMHU TapMOHHMKaMH, KaK Ha
puc. 1(6) u 1(B). Ilpuuem Ha puc. 1(a) amMmIMTyIa OCHOBHOW TapMOHHMKHU
MOJIOKHUTENIbHA, a HAa OCTaJbHBIX PHUCYHKaX OTpHUIATEIbHA. DJTO TO3BOJSET



CMOJIEJIUPOBATH KJIMMaTUYECKYIO (10ArOBpEMEHHYIO) U3MEHYHUBOCTD
COOTBETCTBYIOIIUX KOI(PPHUIIMEHTOB KaK

a(t, x) = A(x) explite). @)
rae A(x) - ammiauTyaa OCHOBHOM (Kak MpaBWiO, TOJOBOM) TapMOHUKH,
3aBUCAIIEH TOJBKO OT 3HAYEHHs] TMOTOKA, () - COOTBETCTBEHHO, YacTOTa

OCHOBHOW TapMOHHUKH, a I =+—1. Ammumtyna B (2), BooOIIEe TOBOpPs, MOKET
ObITh KOMIUIEKCHON, HO (U3WYECKUN CMBICT HMEET TOJbKO €€ peallbHOe
3HaueHue. B mpuHIMIIE MOXHO BMecTo (2) paccMarpuBarh Oosiee OOIMIYIO

N
MOJIEJIh BHU/IA a(t,x) = ZA; (x) CXP(Z'CQ/). [Ipu sTOM KO3 IULITHMEHTHI A j (x)

o=1
NOIOMPAIOTCS METOIOM HAaMMEHBIIINX KBAIPaTOB MOCIE CTIIAKMBAHUS 3HAUCHUH
koaddummenTa a(z,x) Kak 3To nenaercs, Hanpumep, B padore [5].

AHaJOTHYHBIM aHalu3 MOXXHO CJeJaTh OTHOCHUTENbHO Kod(dduimenrta
mud¢y3un b(t,x), mokasaHHBIX Ha pucyHkax 2(a,0,8). Ha puc. 2(a) mokaszano
noBesienre koddduimenta b(t,x) 3a 1979 roxn, a Ha puc. 2(0) u 2(B) 3a 1999 u
2018, cootBercTBeHHO. Takxke, kKak u A1l puc. 1, koadduiment b(¢,x) cuuraics
MIOCYTOYHO, MPU 3HAYEHUU TMOTOKAa paBHOMY cpefaHemy mo obmactu. M3 puc. 2
XOpOIIIO BUJHO, YTO MPHU CIIIAXKUBAHUM KO3PPUUUEHT b(Z,x) TakKe XOpOILO
monenupyercs  Gopmynon  b(¢,x) = B(x)exp(itw), mnpu OITOM 3HAYCHUS
ko3 uImeHTa BCerAa MOJIOKHUTENbHBl. Kak ciencTBue, MOXHO HamucaTh
YpPaBHEHHE JJIsl pacyeTa BEPOSATHOCTEM 3HAYCHUM MOTOKA B 33JaHHBIN
(KTMMATHYECKU ) MOMEHT BPEMEHHU B BUJIE

dp  d(exp(itw)A(x)p) N 1 0° (exp(iot)B(x) p)

ot ox 2 ox” ’ )
rae p(t,x) - UICKOMas IUIOTHOCTh BEPOSTHOCTA B MOMEHT f 3HAUYEHMS MOTOKA X,
OoCTajbHbIE 0003HAUEHUsS TPUBEJCHbI BbIlIe. YpaBHeHHe (3) (ypaBHEHHE
dokkepa-Ilnanka-Konmoroposa) dhopMalbHO 3aMUCHIBACTCS 1T KOMITJIEKCHBIX
ko3 purreHToB, HO (HU3MYECKUN CMBICI UMEET TOJBKO IS BEIIECTBEHHBIX
3HaueHuid. OHO pemraeTcsi Mpyu TPAHUYHBIX YCIOBUSAX p(f,20) =0 W HaYaIbHOM

ycnosuu, eciau crasurca 3agada Komm p(0,x) = p,(x), roe p,(Xx) 3amano.

AHaUTHYECKHA 3Ta 3aj7adva, BOOOIE TOBOPs, HE pENIaeTCs, HO YHUCIICHHO ee
pelIecHrue He TpeJCTaBisseT 0COoObIX TpymHocTed. OmHako, eciid MmoTpeOoBaTh,
9TOOBI PEIICHHUE YIOBJICTBOPSJIO OMPEIACICHHBIM YCIOBUSIM Ha TpaHUIIE,
HaImpumep, moTpedoBaTh, YTOObI p(f,Xx) = exp(—Ax?) npu X ~ OECKOHEYHOCTH,
TO OOBIYHBIMH PA3HOCTHBIMH METOJIAMH 3TO CAeNarTh HempocTo. [losTomy B
paboTte UCIoNb3yeTcs MOIU(DUIIMPOBAHHBIN METOT | ajiepKkrHa, pemaromui 3Ty
npo0ieMy, JeTaad KOTOpOro OyayT COCTaBJIATh IPOJIOJDKCHHE JIaHHBIX
HUCCIIeIOBaHUM.
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Puc. 1. U3meHenue cpenHnx 3HaueHui koddduimenta a(z,x) ¢ marom 1 1eHb 3a
a) 1979 ; 6) 1999; B) 2018 romab!




b-mean 1979
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Puc. 2. I3amenenue cpenanx 3HadeHnil kodddurmenta b(z,x) ¢ marom 1 geHb 3a
a) 1979 ; 6) 1999; B) 2018 romap!



[Tomy4yennsie 3aBuCUMOCTH JyIsi Kod(dumentoB a(tx) u b(tx) Obum

aNMPOKCUMHUPOBAHBI AHATMTUYCCKUMH (YHKIMSIMH, KOTOpPBIE B JallbHEHIIIEM
OyJIyT UCIIOJIB30BaHBI JJis pelieHus ypaBHeHus (1).
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