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B nanHOif cTaThe pacCMOTPEHBI MHOTOJIETHHE KOJICOAHHUSI MaKCUMAIIbHBIX PacXoJ/I0B
BECEHHETO MOJI0BO1bsI peku [Ipumiate B cTBOpe T. Mo3bIps 3a 142-11eTHHIA Iepro1 HAOJTro1e-
HUMN. [[7151 OLIEeHKH TEPUOMUECKUX COCTABIISIFOIIUX B UCCIIEAYEMOM PSITy UCIIOIb30BAH METO/T
SMIUPUYECKOI MOJIOBOM AEKOMITO3ULIMU. JIaHHBIN [MOAXO0/1 TO3BOJISET BBIIBUTH CKPBITHIE 3a-
KOHOMEPHOCTH HEJIMHEUHBIX HECTAIIMOHAPHBIX BPEMEHHBIX PSJIOB.
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This article examines long-term fluctuations in the maximum spring flood runoff of the
Pripyat River at the Mozyr site over a 142-year observation period. To estimate the periodic
components in the series under study, the method of empirical mode decomposition was used.
This approach allows us to identify hidden patterns of nonlinear nonstationary time series.
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BonHble pecypChl J)KU3HEHHO Ba)KHBI IS UEJIOBEUECTBA M UMEIOT PELIaro-
1[e€ 3HAYCHUE I COLUAIBHO-DKOHOMHUYECKOTO Pa3BUTUSA IOCYHapCTBA U
YCTOMYMBOCTH DKOJIOTMYECKOM cpenbl. [Iponcxopsimne BO BCEM MHUPE MPO-
LECChl U3MEHEHMS KJIMMaTa HaxXOJAT CBOE OTPAXEHUE B HECTALIMOHAPHOCTH
TUAPOJIOTHYecKuX AaHHbIX [1, ¢. 94]. OcobeHHO 3aTpyIHUTEIHLHON MpH aHa-
JM3€ TaKUX JAHHBIX SBJSIETCS 3a/a4ya ONpeeIeHUs HUKIMYHOCTH KojeOaHui
cToka. Pemenue »Toit mpobieMbl UMEET BaXKHOE 3HAUEHHUE JJISi TOHUMaHUS U
MPOrHO3UPOBAHUS THIPOJIOTHUYECKUX mporieccoB. [lepnoauuHocTs konebanui
CTOKAa MOXET OTPaKaTb CE30HHBIE MU3MEHEHMS, LIUKINYECKUE IPOLIECCHl MU
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JIOJITOCPOYHBIE TEHJICHIIMU B TUAPOIOTHYECKUX JaHHbIX. Kak mpaBusio, ass uc-
CJIEIOBaHUS IUKINYHOCTH KOJEOAHMM CTOKAa MPUMEHSIIOT Pa3HOCTHBIE MHTE-
rpajibHbIe KpUBBIC, CIIEKTPAIbHBINA aHaIU3, IpeoOpa3zoBanue Dypre, BeBIeT-
npeobOpaszoBanue [2, c. 229]. B 7anHOM HCCIe0BaHUU TSI BBISIBJICHUS CKPbI-
TBIX NEPUOJIMUECKUX COCTABIISIONIMX B THIPOJIOTHYECKUX PALAX MPeasiaracTcs
WCIIOJIb30BAaHUE METOJa SMIMPUIECKON MOJOBOM JeKoMmo3umnuu (empirical
mode decomposition, EMD). EMD — 3T0 0THOCHUTEIIBHO HOBBIH METO, KOTO-
PBIi TO3BOJISIET PAaOOTATh KaK ¢ HETMHEHHBIMU, TaK M C HECTAITMOHAPHBIMU JTaH-
HbIMU. [IpeasioxkeHHbI METOA UMEET Pl IPEUMYIIECTB IEPEA IPYTUMHU METO-
JaMU CIIEKTPAJIbHOTO aHAIW3a: B OTJIUYUE OT CHUHTYJISIPHOTO CHEKTPaIbHOIO
aHanm3a, nmpeobpazoBanus Dypbe U BelBIeT-ipeodOpazoBanust, EMD He Tpe-
OyeT Kakol-mubO 3apaHee OMpenesieHHON (QYHKIMU pPa3jIoKeHUs, C €ro
MOMOYBI0O MOKHO H3BJICKAaTh BHYTPEHHUE MOJOBbIE (DYHKIIMM U3 HUCXOJAHOTO
curnajia agantusao [3, ¢. 100; 4, ¢. 907]. baaromapst Takum XapaKTepHCTHKAM
meTo 1 EMD Mo3kHO KCTIONb30BaTh JJ1s aHaIn3a U 00pabO0TKU HECTAIIMOHAPHBIX
U HEJIMHEWHBIX BPEMEHHBIX PSJIOB, PEOI0JIEBasi OTPAaHUYEHUS TPAJAUIIMOHHBIX
METOOB.

Cytb Meroga EMD 3akmirouaercsi B 1€KOMITO3UIIUU UCXOJHOTO BPEMEH-
HOTO psiZia Ha Habop BHYTpeHHUX MOIOBBIX (yHKIwmiA (intrinsic mode functions,
IMF) u octarok, mocjie 4ero B pe3ysbTaTe aHaln3a KaKJIOW MOJbI OTIEIbHO
WM B KOMOMHAIIUU C IPYTUMHU MOJIaMH BO3MOKHO BBISIBIICHHE BO BPEMEHHOM
PAMY CKPBITBIX OCHUJUISIIINN, TPEHAOB, ITUKIIOB U IPYTHUX XapaKTepucTuk. Kax-
nas kommnoHeHnta IMF nomxHa yaoBIETBOPATH IBYM YCIOBUSIM: 1) BO BceM
pALy NaHHBIX KOJIWMYECTBO IKCTPEMYMOB M KOJUYECTBO MEPECECUCHUU HYJIS
JTOJDKHO OBITH JINOO paBHBIM, JIMOO OTJIMYATHCS He OoJiee yeM Ha 1; 2) B 1r000MH
TOYKE CpeHEee 3HAUCHUE OTMOaroIeH, onpeIeieMOoil JTOKAIbHBIMA MaKCUMY-
MaMH{, U OTHOArOIIeH, omnpeaesnsieMol JIOKaJTbHBIMH MHUHUMYMaMH, PaBHO
HYJIIO.

B nannoii pabote uccienoBanue nepuoIMYHOCTH BBITTOJIHEHO 10 JaHHBIM
HAOJIOICHUI 332 MaKCUMaJbHBIMH PACXOJIaMU BOJIbI BECEHHETrO IOJOBOJIbS
p. [Ipunsats B ctBope . Mo3bIps 3a epruoa MHCTPYMEHTAIBHBIX HAOII0AEHUI
INocynapcTtBeHHOro yupexaeHusi «PecrnyOnuKaHCKUNA 1IEHTP MO THIPOMETEO-
POJIOTUH, KOHTPOJIIO PAIMOAKTUBHOTO 3arPS3HEHUS] © MOHUTOPUHTY OKPY>Karo-
nen cpeab» MHUHHUCTEpCTBA NPUPOAHBIX PECYPCOB M OXPaHbl OKPYXKAKOLIEH
cpeanl PecnyOmuku benapych. Ilepuon uccinenoBanusi coctaBui 142 rojaa
(1877-2018 rr.).

Jlist BpEMEHHOTO psijia pacxomoB peunoro croka Q(t) (t=1,2,...,n,n -
o0weM BeIOOpKH ) mporieaypa EMD mosker ObITh onucaHa Cleayronum oopa-
30Mm [5, c. 70]:

1) ompenenuTh BCe JIOKAJIbHBIE MAaKCMMYMbl U MHHHMYMBI HCXOJIHOTO

BpeMenHoro psaa Q(t);

77



2) UCIOJIB3Ys HCTOKOOOPa3HYIO armpokcuMaro [3,¢. 101], mocTpouTh BepX-
HIOK Qyy () M HIDKHIOK Q4 (t) OrubaroIIKie COOTBETCTBYIONIMX JOKATHHBIX

AKCTPEMYMOB;
3) BBIYKCIUTH CpeHee 3HaueHue M (t) BepxHel U HUKHEH OrHOaroIuX:

m(t) = (Qup () + Quow (£))/2;

4) paccunTath 3HaUCHHE PasHUILI W(t) MeXIy BpeMeHHBIM psimoMm Q (t)
U cpeaHuM 3HaueHueM m(t);

5) npoBepuTh 3HaUEHHE pazHOCTH W(t):

e comw(t) yaosierBopsieT iByM yernosusiv IMF, Tow (t) onpenersiercst Kak B i-s1
IMF, aocrarok () = Q(t) — w(t) 3amensier Q (t). Kaxxnas i-1 IMF 00o3HagaeTcst Kak
ci(0);

o ccmu w(t) ue ssiserca IMF, torma w(t) 3amenser Q(t).

6) moBTOPATH miark 1)-5) 10 Tex MOp, MoKa OcTaToK 1 (t) HE CTAHET MO-
HOTOHHOM (DYHKLIMEW WU YHUCIIO SKCTPEMYMOB Oy/I€T MEHbIIIE WIH PAaBHO 1.

Hcxompbiii BpemerHo psit Q (t) MoykHO 0003Ha4mTh Kak cymmy IMF ¢; (t) noctatka

r(t): Q(t) =X, ci(t) +r(t),

rae m, ¢;(t) u r(t). npeacTaBIAOT co00i 00Iee KOITUIECTBO (YHKIIHMMA
IMF, i-ro IMF 1 ocTtaTok COOTBETCTBEHHO.

Cpenuuii nepuop kaxao IMF MoxHO paccuuTarh, pa3feauB ABONHOMN
pazmep BbIOOpKH (2 N) Ha KOJIMUECTBO MEPECCUCHUS HYJISI.

Hu puc. 1 npencraBieH MHOTOJETHUM XOJ W3MEHEHHUSI MaKCHMalbHBIX
pPacxo0B BECEHHETO IOJ0BOAbs p. IIpumsate B crBope 1. Mo3sips. K psany B
najapHelneM nmpuMeHeH meroq EMD.
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Puc. 1. XpoHomornueckuii rpaduk MHOTOJIETHUX KOJIEOaHUH MaKCUMAJIBHOTO CTOKA BECEH-
Hero nosuoBoabs p. [Ipunsate B ctBope r. Mo3sipst
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Ha pucynke 2 nokasansl pe3yiabTaThl IpuMeHeHust Metojga EMD k uccre-
nyemoMy psiny. Ananu3 nonydeHHbIX |IMF BoisiBun konebGanus co cpegHUMU
nepuoaamu 3 roaa (IMF1), 8 et (IMF2), 19 ner (IMF3) u 47 net (IMF4).

Metox EMD 1no3B0oJIMII BBIIIOJIHUTE PA3JIOKEHUE UCXOIHOIO psijia Ha Yye-
teipe IMF u ocTaTok, n3 KOTOPHIX MOKHO C(OPMUPOBATH (DOHOBBIE COCTABIISA-
IOIHE WX MPOCTO OYUCTUTH OT «IOMEX» rpadrK UCXOIHBIX BEIWYHUH [6, C.
236]. Bo3M0OXHO COBMEIIEHHE MPOIIETyphl CHATHUS (POHA CO CTIKUBAHUEM T10-
Jy4EHHOT'O pe3yJIbTaTa, €CIU U3 MPOLECcCa CYMMUPOBAHUS UCKIIOYUTH CaMyIO
BBICOKOYACTOTHYIO MO-A0BYI0 ¢yHKIuio — IMF1 [6, c. 235]. Ha puc. 3 B ka-
YecTBE MpUMeEpa MPEACTaBICHB (JOHOBBIE COCTABIISIIONINE, PEATU30BAHHBIC 10
3 Bapuantam: cymma IMF2, IMF3, IMF4 u ocrarka; cymma IMF3, IMF4 u
octaTtka; cymma IMF4 u ocraTka.

Hcnonb3oBaHHbIE B JaHHOU pabOTe MOAXObI U MOTYYEHHBIE PE3YIbTAThI
MOTYT OBIT IPUMEHEHBI B JATbHEHIIIEM JIJIs1 ONIPEACIICHHS] KPATKOTIEPUOIHBIX 1
JUIMHHONIEPUOAHBIX U3MEHEHUN BOJAHOTO PEXKMMA, OLIEHKU CUHXPOHHOCTH KO-
nebanuii croka pek benapycu, a Takke mpu MOACIUPOBAHUYU TUIPOTIOTUIECKUX
IIPOLIECCOB U IMOJYYEHUH IIPOTHO3HBIX OLIEHOK CTOKA.
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Puc.2. PaznoxeHune psga MaKCHMAJIBHBIX PAacX0/I0B BECEHHETO NOJIOBOABA p. [Ipumars
B cTBOpE T. Mo3bips Ha MooBbie ¢yHkimu (IMF) u octatok (r)
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Puc.3. ®opmupoBanue pOHOBOI COCTABISAIONIEH BPEMEHHOTO Psi/la MAKCUMAIBHBIX PacXo-
JIOB BECEHHET0 M0JI0BO b4 p. [Ipunsate B ctBope r. Mo3bIpst
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