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BBEJAEHHE.

Bpemennsie psapl — 93TO oAHA W3 HauOolee PAaCIpOCTPaHEHHBIX (opm
NpPEICTaBICHUS HMCXOMHBIX JAHHBIX CHCTEM MOHUTOPHHTa B 3a7adaX TeO(PH3HKH,
MeTeopoJioruu, 3kosioruu. [locnenoBarenbHble 3HAUEHUS UCCIENYEMBIX XapaKTEPUCTUK
OTpPaXalOT KaK BHYTPEHHIOI [MHAMUKY OOBEKTOB, TaK M WX B3aUMHBIC CBSI3U U
M3MEHYMBOCTh 3THUX CBsA3€H BO BpeMeHU. CaMU BPEMEHHBIE Psiibl MOTYT OTIMYAThCS
KaKk (HU3UUECKOM TNPHUPONON H3MEpSEMBIX BEIWYMH, TaK M MPOCTPAHCTBEHHBIM
MIOJIOKCHHEM MYHKTOB u3MepeHus. OOBIYHO IENbI0 MOHHTOpPWHTA SIBISIETCS JTHOO
HEIOCPEICTBEHHBI MPOrHO3 HCCIEAYEMBIX XapaKTEPUCTHK HA HEKOTOPBIA HWHTEpBAI
BpPEMEHH BIEpe, TUOO BBIICICHUE UHTEPBAIOB BPEMEHU «aHOMAIbHOTO MOBEACHUSY,
KOTOPOE€ MOXET CIYXXUTh, HalpuMep, TMPEABECTHUKOM PE3KUX WIM  JIaXke
KaTacTpoUIeCKNX W3MEHEHHH B OyIymieM, WM BBIJACICHHE CKPBITBIX CHTHAJIOB,
INPUCYTCTBUE KOTOPBIX HEOYEBHJHO B CHJIY BBICOKOIO YpOBHS Inyma. B kHure
paccMaTpUBAIOTCS TOJBKO 3aJayd BTOPOTO M TpPEeThero Tuma. MHTYUTHBHO mMOHsATHE
«aHOMAaJIbHOE MOBEJICHHE», OYEBHIHO, TpeOyeT (HOpMaNbHOTO OIpEAeICHUs] U, 4YTO
BaXHEE BCEro, AaJIrOPUTMUYECKON pealu3allud B BUAE HAJAEXKHO pPabOTAIOIIUX
Iporpamm.

[IpunsTHE peuIeHu MO0 TaHHBIM MOHUTOPUHTA MOKET OBITh TOCTATOYHO MPOCTHIM,
€CJIM allpUOPHO U3BECTHBI IOPOrOBbIE 3HAUEHUS U3MEPSAEMBIX BEJIUYMH, TAKUE, YTO NIPU
UX TMpPEBbIIIEHUH WIM YMEHBUIEHMH OTHOCHUTEIBHO IOPOTOB MOXXHO TOBOPUTH 00
AQHOMAJILHOM COCTOSIHUM HCCIIElyeMOTOo OO0BbeKTa M YTBEpXKIaTh, YTO OH TpelyeT
MOBBIIIEHHOT0 BHUMaHud. Hanpumep, /Uisi MHOTHUX 3KOJOTMYECKUX, COLIMOJIOTUYECKUX
U MEIHMIMHCKUX OOBEKTOB MOAOOHBIE MOPOTHM YacTO M3BECTHBHI M HEMOCPEACTBEHHO
CIIEYIOT W3 CMBICIIa HM3MepsAeMBbIX BennuuH. UTO >Ke Kacaercss Teo(pH3HMuecKoro
MOHHMTOPHHTA, TO €ro crenuduka 3akiIo4yaeTcs B TOM, YTO HU3MEpSEeMble BEITUUYHUHBI
OYCHBb CJIOXHO U 3alyTaHHO CBSA3aHbI MEXIy COOO# M ¢ COCTOsIHHEM 00bekTa (3eMHO
KOpBI), TOATOMY OIpEACICHUE KPUTUYECKUX TOPOTOB B TCOPH3HUKE SBISCTCS
Ype3BBIYAITHO TPYIHBIM JETIOM.

B Hactosiee Bpemsi 0OLIENpHU3HAHHO, YTO BCE KPUTHUECKHUE SIBICHUS HMMEIOT

CXoaHbIe 4epThl. MccnenoBanue 3TUX 0COOEHHOCTEH MOXHO OOBEIUHHUTH MOJ OOLINM



Ha3BaHMEM ~‘HayKa O KPHUTHYECKUX SBJICHUAX . M3HauanpbHO TOH KPUTHUYECKUMU
SBJICHUSIMU TIOHUMAJIU, B OCHOBHOM, (ha30BbI€ Mepexoibl U, CIeAO0BATEIbHO, 3TO OBLI
pa3zen craTHUcTUYecKor (u3umku u TepmonuHamMuku. OpHako TO3Ke, Korma ObuIo
OCO3HAHO, YTO MATEMAaTUYECKUH allapar, ONUCHIBAIOIIUN pa3pyLICHUE CTPOUTEIBHON
KOHCTPYKIWH, (a30BbIi Mepexo/l B KUIKOCTH U 00pa3oBaHNE KAyCTHK B ONTHKE, UMEET
MOpa3UTEIbHO MHOIO OOIIEero, 3apojauiach MaTeMaThyeckas Teopus KaTacTpod
(Apuonbna, 1981; Gilmore, 1981). HakoruieHue onbiTa aHaIn3a KPUTHYECKUX SBJICHUH C
O0IIMX MO3MLMHI MPHUBEJIO K KAYECTBEHHOU (POPMYJIMPOBKE OTHOCUTEIHHO HEOOIBIIOTO
YHCJIa TaK Ha3bIBaeMBIX (DIIaroB katactpod, TO ecTh Hamboyiee OOIMUX KAaYSCTBECHHBIX
MPU3HAKOB TOBEIEHUS JIOOBIX CHCTEM, MPHUOIMKAIOMUXCS K TOYKE PE3KOM CMEHBI
cBoero cocrosiuust (Gilmore, 1981). JlanbHeiiniee pa3BUTHE TEOPUU KPUTHUYECKUX
SBJICHUI TIOMOJHHUJIO €€ apceHall TaKUMHU KOHIENIHUSMH, KaK CaMOOPTaHU3YHOIAsCs
kputnuHocTh (Bak Tang, 1989), kpurthueckoe TmoOBeneHHE CO Bce Oouee
YBEITUYMBAIONICHCS YacTOTOM OCHWUIAIMNA TIO0 Mepe NpUONMKEeHHs K KaTacTpode
(Sornette et al., 1996) u ap. JloctaTouyHO MOJHBIA 0030p COBPEMEHHOIO COCTOSHHS
TEOPHH KPUTHUYECKUX SIBJICHUH U ee CBsA3el ¢ cuHepreTukoit npusezaeH B (Haken, 1982;
Nicolis, Prigogine, 1989; Kanwa u np., 1997).

Bepremcss k Takoil momysspHOM Teodu3MyeckoW 3ajade, Kak IPOTHO3
3eMJIETPSACEHUH, U MOMbITaeMCS TOHATh, KaK pealbHO MOXHO MPUMEHUThH a0CTpaKTHbIE
KOHIIENINK O0IIel Teopuu KaracTpod K MPOTHO3Y, YUYHUTHIBAS, YTO MPUIETCS HUMEThH
JEN0 C  «TPS3HBIMU»,  CBHIPBIMH  JAaHHBIMH  TE€O(PU3NYECKUX  HM3MEpPEHUH,
COITPOBOKIAIOIINXCS COOSIMU ammapaTypbl, IepepbiBaMyd B HAOIOJCHUSAX, BIUSHUEM
METEOPOJIOTUYECKMX W TEXHOT€HHBIX HIYMOB. Beab B NaHHOM ciyyae HEBO3MOKHO
BBIMHCATh KaKOW-HUOYAb MOTEHLHMAT W HCCIENI0BaTh €ro OCOOCHHOCTH B TOYKax
paBHOBECHS, KaK 3TO IMPHHATO, HAIpUMEp, B MaTeMaTHYECKOW TEOpUH KaTacTpod.
CrnenmoBarenbHO, HEOOXOJUMO B3STh Ha BOOPYXXEHHE MaKCUMaJbHO  OOIIYIO
3aKOHOMEPHOCTb, CBOETO pOJia METa3aKOH, U TPAaHC(HOPMHUPOBATH €r0 TaKUM 00pazoM,
4TOOBl OH MOT paboTaTh C peaTbHBIMU JAHHBIMU, YTO TMOJpa3yMeBaeT MpPHUMEHEHHUE
CTaTUCTHYECKUX METOJIOB aHAIW3a [JaHHBIX, aJCKBATHBIX JTOMY METa3aKOHY.
Heo0xomuMo Hay4YHTh KOMITBIOTEDP BBIIACITATH U3 JaHHBIX T€OPU3NICCKUX HAOIIOACHUI
caMylo IJIaBHYI0O MX CYTh M OTOpachlBaTh MaJIOCYLIECTBEHHbIE neTanu. llpu sTom
OMAaCEeHHE «BBIIUIECHYTh C BOJOW U peOeHKa» sABIsAETCA Al Teopus3uka BechbMa

AKTYAJIbHBIM IIPpHU aHAJIN3C U UHTCPIPCTALIUN JaHHBIX.



Hwmxke B xauecTBe Takoro MeTa3akoHa Npeisiaraetcst Opatb ()CHOMEH YBEITHUCHHS
KOJIJIEKTUBHOTO TOBEACHUS WIM CHHXPOHHU3ALMKM reou3nyuecKkux Mojieil B 00sacTH
HNOJATOTOBKM  3emjerpsiceHus. IloueMy HMEHHO CHHXpOHM3allUs, YyBEJIUUEHHE
KOJUIEKTUBHOTO TIOBEIEHUS HM3MEPSAEMBIX XapaKTEPUCTUK JIOJDKHO IPENCTaBIATh
MHTEpeC JUIs 3a/lad MOHMTOPUHIAa U MMETh OTHOILIEHUE K MOJTOTOBKE 3€MIIETPSICEHUS
WIn UWHOM reokatacTpodsl? s 3TOro €cTb METOAMYECKHE PEKOMEHIAINH,
BBITEKAIOLIME W3 HambOosee OOLMX 3aKOHOMEpPHOCTEH IOBEJNEHHS  CHCTEM,
npubnmKaommxcs K oudypkanuu, xatactpode. YBeIMUEHHE paaunyca KOppesiuu
¢GiyKTyanuii B OKpECTHOCTH TOUYKM Ou(ypkKaluuu yKa3blBaeT Ha TEHJIEHLUIO K
YCTAHOBJICHHIO COIVIACOBAHHOCTU BO BCEM OOBEME CHCTEMBI, KOTOpas TEM CaMbIM
TOTOBHUTCS K KOJUIGKTUBHOMY riepexoay B HoBoe coctosinue (Nicolis, Prigogine, 1989).
B cratuctuueckoil ¢pusmke XUIKOCTEH Takoe MOBEACHHE W3BECTHO KaK "KpUTHUYECKast
OMaJIeCHEHIMS WM aHOMaJIbHas JUCIIEpPCHs], KOTOpas pacCMaTpUBAETCs KaK OJUH U3
yHHBepcalnbHbIX "(iaros” mpubmmkaromeiics katactpodsr (Gilmore, 1981). Mubimu
CJIOBaMHM, ILEJbI0 aHAINW3a MHOIOMEPHBIX BPEMEHHBIX PSI0B CHUCTEM MOHUTOPHHIA
IPEUIaraeTcsl CYUTATh MOUCK CUTHAJIOB CHHXPOHM3ALMM, COIVIACOBAHHOCTH Bapualuil
HaOJIO/TaeMBIX MApPaMETPOB, OTHOCAIIMXCS K COCTOSIHAIO M3y4aeMoro OOBEKTa,
U3MEPSEMBIX B IPOCTPAHCTBEHHO PA3HECEHHBIX IyHKTaX CUCTEMbl MOHMTOPUHIA WIIH
U3MEPSEMBIX B OJJHOM ITyHKTE (PU3HYECKH PA3INYHBIX BEJIUYHH.

Eciu Obl 11710 OrpaHMYMIIOCH TOJIBKO TOXKETAHUSAMH, KaKOTO pOJa CHTHAJIbI
cleyeT UcKarh, 0e3 (hOpMaJbHOTO ONMHMCAHUS, KAaK 3TO HAA0 JenaTh, U pealu3aliu
QIrOPUTMOB B BHJIE NpOrpamMm, TO B ATOH Haee HE ObLI0 Obl HUYErOo HOBOIO M
OpPUTMHAJIBHOTO, TaK Kak B TOM WJIM MHOM (opMe OHa Bcerja BHUTala B BO3AyXE U
CUMTaJaCh Jak€ OYEBUIHON Cpeau uccieaoBaTenell, 3aHMMaBIIMXCS IPOrHO30M
3emyeTpsiceHuil. Benp ecnmum umeercs cepust TpapUKOB HM3MEPEHHH pa3IHYHBIX
XapaKTepUCTHK Ha Treo(U3UIEeCKOM TMOJUIOHE, TO WCCIEAOBATEeNb MPEXKIE BCETO
cTapaeTcsl HalTH 3JeMeHThI o01ero nopeacHus. OMHAKO YEJTOBEYECKUH TJia3 BEChMa
HECOBEPIICHEH B CUTyalluH, Korja Heob0xoaumo npoaHanusupoBatb 10 rpadukos,
HarpuMep OJHOBpeMeHHO. Kpome Toro, ria3 MOXeT 3aMeTHTh TOJBKO OCOOCHHOCTH
HU3KOYaCTOTHOTO M IUIABHOTO IMOBEICHMSI, IPUYEM JIMIIL B TOM CIy4ae, €clii OHU He
TepSOTCS Ha OHE MTOMEX.

Hanee, popmann3oBaTh BU3yallbHbleé OCOOCHHOCTH I'paMKOB OYEHb CIIOXKHO, UX
BOCIIPHSITHE BeCbMa CyOBEKTHBHO, U TO, YTO JJISi OAHOTO KaXETCs aHOMAaJIueH, Apyrum

BOCTIPpUHUMAETCS Kak oH. A Kak OBITh B CITydae, €ClId HMEETCs OYeHb CIa0bIii o0muit



CHUTHAQJI, TPHUCYTCTBYIONIMA BO BCEX M3MEPEHUSX B CyMME C CHJIBHBIMH
UH/MBUAYAIbHBIMA [TOMEXAMHU, XapaKTEPHBIMHM TOJIBKO ISl OAHOTO THUIIA M3MEpPEHHH
WIN 751 TOTO WJIM MHOTO MECTa MX MPOBeJeHUsA? MeToll MPUCTAIBHOIO B3IJIAAA 31€Ch
Oyzer coBepiieHHO OeccuiieH. MHOrma momoraer 4yacToTHas (WIBTpaLUs — CIOco0
ppoBol 00pabOTKM CHTHAJIOB, KOTAa KOJIeOaHWs, MMEIOUINE MEPUOBI B 33aHHOM
JMana3oHe 3Ha4eHUH, COXpaHIIOTCs, a BCe Ipo4ne noaasistoTcs. Ho u oH craHOBUTCS
OeccuiieH, eciau MNepuojabl W OOINEro CHUrHaja M WHAWBUIYalbHBIX IIOMEX HMEIOT
OJIMHAKOBBIH TMana30H 3HaYeHUH, TOTa, MOJABIISAS IOMEXH, MbI 3a0JJHO YHUUTOXKAEM H
CHUTHAJL.

Jnst toro urtoObl 3Ta wuues Moryia (akTudecku padoTaTh, HeoOXoamma ee
peanu3alMs B BHMJE KOMIUIEKCA BBIUYHCIUTENIBHBIX aJIrOPUTMOB U IPOTPaMM,
NO3BOJISIIOIIMX IPOBOJUTH aHAIW3 MHOTOMEPHBIX BPEMEHHBIX PSJIOB, CKAJISPHBIMU
KOMITOHEHTaMHU KOTOPBIX SIBIISIIOTCSI Pe3yJIbTaThl U3MEPEHUsT (PM3NYECKH Pa3HOPOTHBIX
reopu3N4ecKUux BEJIMYMH B IPOCTPAHCTBEHHO PAa3HECEHHBIX IyHKTaX CETH
MoHUTOpHHra. ONBIT MNpoBeleHHUs HaOdoAeHU 3a (OHOBBIMH IpolleccaMH B
CeCMOAKTHBHBIX PETHOHAX MOKA3bIBAET, YTO BCE MPOIECCH] B 3¢MHOM KOpe Oosiee nin
MEHEE pPaBHOIPABHBI B TOM CMBICIIE, YTO B JIOOOM M3 HUX JOJIS IMPEIBECTHUKOBOU
UHQOPMALIMM CPABHUTEJIIBHO HEBEJIMKA, a 3HAYUTEIbHAs MOULIHOCTh BapUaIUi
HNPUXOAMUTCS Ha IIyMbI PA3JIMYHOrO MPOUCXOXKICHUA. Takas cuTyauus sBsieTcs OOLUM
HOJIOKCHUEM, XOTsl HHOrga (O4eHb pPEeaKo) MO OTACIBHBIM IPOIECCaM MOTYT
HaOJIIONaThCSl  CHWJIbHBIE  IPEJBECTHUKOBBIE  HM3MEHEHHUS. ODTUM  OOBACHSETCA
HEHAJC)KHOCTh W MO3aWYHOCTh HMCTOPHYECKH  HAOJNIONEHHBIX  IPEIBECTHUKOB
3eMJIETPSICEHUI 110 TOMY WJIM HHOMY IPOILIECCy, HECMOTPs Ha TO, YTO HEKOTOPbIE U3 HUX
CHUCTEMaTHUYECKH MOSBISIIOTCA B Ja0OpaTOPHBIX OMNBITaX IO pa3pyLIEHHI0 00pas3loB
(Kasahara, 1981; Co6ouieB, 1993; Cobounes, [Tonomapes, 2003).

OnHa W3 MPUYMH 3TOMY MOXKET OBITh JOCTATOYHO MPOCTa — MPHU HAOIIOJCHHUAX B
TabOpaTOPHBIX YCIOBUSX HET IIYMOB, M, KaK CJIEACTBHE, OTHOLICHHE CHIHAI/IIyM
3HAUUTENIFHO BBIIIC, YEM IPH MOJEBHIX HAOMIOACHUSAX (B KOTOPBIX MPEABECTHHKU
(UKCHUPYIOTCS TIpU CIy4ailHOM TOHW)KEHHHM YPOBHS IIYMOB TI€pel COOBITHEM).
[TosToMy mpoOseMa yBeTHUYCHUSI OTHOILICHUS CUTHA/IIYM UTs peaibHbIX HAOIOICHUI
— OJIHA U3 OCHOBHBIX JUIsl MIPOTHO3a 3emierpsceHuil. OpHako npobiema (uIbTpanuu
HIOMEX, MOBBIIICHUSI OTHOIICHUS CUTHAI/IIyM — 3TO HE CIMHCTBEHHAs MPUYUHA, JUIS
KOTOpOl ~ HEOOXOOUM  MHOTOMEpHBI  aHanu3. bojee  BaXHBIM  CTHMYJIOM

MpeaACTaBIACTCA BO3MOKHOCTL aHalin3a BSaI/IMOI[eI\/'ICTBI/IH, CBA3M MCXKAY pa3IndHbIMU



reopusnyeckumu nossiva. Camble 00mue cooOpakeHUsT M aHAJIOTHUU TIOACKa3bIBAIOT,
yTO Hanbojee TOHKHE, CKPBITBIE, OCOOCHHOCTH TOBEACHHS TE€O(DH3NYECKUX TOJICH
JIOJKHBI IPOSIBUTHCS UMEHHO TPH aHAJIN3€ UX B3aUMOJICHCTBUH.

[Mpesxae yemM CTPEMHUTHCS YBEJIMYMBATH OTHOILICHUE CHTHA/IIYM, OYEBUIHO, HAJO
3aJaThCs BOMPOCOM: YTO €CTh ''CHUTHAN''? B JaHHOM moaxoje, Kak YK€ TOBOPUIOCH
BBIIIIC, CHUTHAJIOM IIpeJUlaraeTcs Has3blBaTh CHHXPOHU3ALMIO, COTJIACOBAaHHOCTb
Bapualuil HaOIIOAAEMBIX MapaMeTPOB, OTHOCSIIMXCA K COCTOSHHUIO 3€MHOH KOpBI,
U3MEPSIEMBIX B TPOCTPAHCTBEHHO PAa3HECEHHBIX MYHKTAX CHUCTEMBI Te0(pHU3HMUECKOrO
MOHUTOPHUHTIA, TOKPBIBAKOLIEH MCCIIEyEMBIN YH4aCTOK 36MHOU KOPBI.

B xHure oCHOBHBIM ammapaToM JJIs aHaJIW3a UH(MOPMALMU OT CETe MOHUTOPHUHIA
SBJISIETCS MHOTOMEPHBII aHaJIN3 BPEMEHHBIX PSJIOB, UCHOJB3YIOMUI KaK KJIACCHUECKUE
METOAbl MHOTOMEPHBIX MapaMeTpHUYECKUX Mojeneil u npeodpasoanus dypbe, Tak u
CPaBHHTEIILHO HEJABHO CO3JaHHbIC MeToabl (3a mocnenHue 15 ner) BeiiBier-
npeoOpa3oBaHUM.

IIpu aHanmM3e MHOTOMEPHBIX BPEMEHHBIX PSJIOB 3HAYUTEIbHOE BHHUMAaHHE
YAEISAETCS PACCMOTPEHMIO IIOBEACHMSI B CKOJIB3SIIIEM BPEMEHHOM OKHE OLICHKHU
MaKCHMAJIbHOTO COOCTBEHHOT'O YHCIIA CIEKTPAIBHBIX MaTpHil (OICHUBACMBIX IOCIC
OIPE/ICIICHHOTO POia HOPMHPOBKH KOMIIOHEHT MHOTOMEPHOT'O psifia) M KaHOHHYECKHX
KOT€pPEHTHOCTEH.  AHalmM3  3BOMIOLMUM  MAaKCUMAJIbHOIO  COOCTBEHHOIO  4Hcia
CHEKTPAJIbHBIX MATPHUIL ABJISIETCS 0000IEHNEM Ha MHOTOMEPHBIH ciydail MPUBBIYHOTO
reou3uKaM creKTpaibHO-BpeMeHHoro aHanu3a (CBAH-a) ckansipHBIX BpEMEHHBIX
psanoB. KaHoHMUYECKHME KOTEPEHTHOCTH CIyKaT o000OIIeHHeM OOBIYHOTO KBajpara
MOJYJISl CIIEKTPa KOIEPEHTHOCTU MEXIY ABYMsS CKAISAPHBIMU BPEMEHHBIMM psilaMU Ha
ciydaif, koraa ob6a psja WiIM OAMH U3 HHUX SIBJISIOTCS MHOTOMEPHBIMH. AHalu3
IBOJIIOLIMM KAHOHMYECKMX KOIEPEHTHOCTEH IIO3BOJIIET MCCIENOBATh CBA3M Ha
pa3IMYHBIX YaCTOTaX W B pa3HbIe HHTEPBAJIBl BPEMEHU MEXIY JBYMS T€OPH3NICCKUMHU
nossiMi ~ (Y4UCIO  IYHKTOB HW3MEPCHHUs KOTOPBIX W 00pa3yloT pa3MepHOCTH
AHAIN3UPYEMBIX PSIJIOB).

HccnenoBanue 3BONIONMKA MaKCHMAJIBHOTO COOCTBEHHOTO YHWCIA CIEKTPAJIbHBIX
MaTpHMll M KAHOHHUYECKUX KOTEPEHTHOCTeH (KOTOpbIE TPEICTABISIIOTCS B BHIC
YaCTOTHO-BPEMEHHBIX JIMarpaMM) M OIpEJECNICHHEe CHUTHajla CHHXPOHHW3AIUHM Kak
BPEMEHHBIX MHTEPBAJIOB M YACTOTHBIX IOJIOC YBEIMYCHMS 3HAUYEHUM 3THUX CTATUCTHK,
SABIISICTCS MHCTPYMEHTOM aHaJM3a B3aUMOJCWUCTBUS MEXIYy TIeo(pU3NYeCKUMU

nmponcccamMu. Ecmu cormacurbes ¢ TEM, 4YTO HCKOMBIM CHTHAJl €CTh YBCIIUYCHUC



CUHXPOHHOTO, KOJUICKTHBHOTO TIOBEJICHUS, TO OTCIOJ]a €CTECTBEHHO BBITCKACT
UCIIOJb30BAaHUE ammapaTa TJaBHBIX CIHCKTPAIbHBIX KOMIIOHCHT W KaHOHHYECKUX
KOTEPEHTHOCTEH ISl BBIJCIICHHUS JTOTO CHrHaia. [lomyTHO pemraeTcss W 3aaada
TOBBIIICHHUSI OTHOIICHUSI CUTHAJ/IIIYM, TOCKOJBKY HCIOJIb3yeMbIe METOJbI KaK pa3 |
HAIlCJICHBI Ha TO, 4YTOOBI W3 MHOXECTBAa PETHCTPUPYEMBIX TIPOICCCOB BBHIICTHUTH
MaKCHMaJbHO OOIIYI0 JUIsi BCEX TEHICHIIMIO M TPeHEOpeub WHIMBHIYATbHBIMHU
0COOEHHOCTSIMH Ka)KIOTO MPOoIIecca U MecTa POBEICHHS N3MEPCHU.

PaccmarpuBaeTcsi  KOHCTPYKIHS ~ arperHpOBaHHOTO  CHUTHalla —  TaKOTro
CKaJISIPHOTO CHUTHAJIa, KOTOPHIA B MAaKCHMAJIbHOW CTEICHH aKKyMyJHUpyeT B cebe
HauOosiee OONIMEe BapuallMd, MPUCYTCTBYIOIIME Cpa3dy BO BCEX aHAIM3HPYEMBIX
npolieccax M B TO YK€ BPEMs IMOJABJISIONIAs TE€ COCTABJISIONINE, KOTOPBIE XapaKTEPHBI
TOJILKO JII1 OJHOTO (TOr0 WJIM WHOTO) IMpolecca M MMEIT, KaK MPAaBUIIO, XapaKTep
JIOKQJTBHBIX TIOMEX, OOYCIIOBJICHHBIX CHCHH(DHUKOW MecTa MPOBEICHUS H3MEPEHUH,
TEXHOTCHHBIMU NMPUYMHAMH WJIH OIMMOKAMU M3MEPECHHH. ATPErHMpPOBAaHHBIN CHTHAI, B
OTJIMYUE OT YAaCTOTHO-BPEMEHHBIX IHarpaMM, 4acTo JaeT OoJjiee HarJsigHOE M Oojee
npuBbiuHOEe (B BHae Trpaduka OJHOTO CHUrHajla) JJIsi MHOTHX Treo(H3HKOB
MPEJICTABJIICHUE O TMOBEJCHUHN HanOojee 00X KOMITOHEHT, IPUCYTCTBYIOIINX BO BCEX
U3MEPSEMBIX BEIMYMHAX, YTO IMO3BOJSACT 3 (EeKTHBHEE HMCIOIh30BaTh HAKOIUICHHBIN
OTIBIT ¥ UHTYHIIHIO.

Bce BhINeniepeyncieHHbIE METO/IbI OCHOBAHBI Ha CIIEKTPAJILHOM TOAXOJIE, TO €CTh
TaKk WX WHA4Ye WCIONB30BAIA PA3JOKEHUE CHUTHajJa TI0 TapMOHUYECKUM
COCTABJISIONIUM. JTO HMEET CBOM TUTFOCHI 1 MUHYCHI: 3TH METObl HAWTYYIIUM 00pa3omM
MOJXOJIAT JIJIS BBIICICHHUS OOIIMX TapMOHHUYECKUX COCTABIIIONIMX M B TO K€ BPEMS
HECIIOCOOHBI  CIPAaBUTBhCSI C BBIACIICHUEM OOIIUX CHUTHAJIOB, HMEIOIIUX PE3KO
HECTAIIMOHAPHBIN XapakTep, — “BCIUIECKOB”. YUeT HECTAIlHOHAPHOCTH CIEKTPAIbHBIMU
METOJIaMU BO3MOKEH TOJBKO ITyTEM OIEHOK B CKOJB3SIIEM BPEMEHHOM OkHe. OqHaKO
IPH OTOM BCIUISCKH YCPEHHSIOTCS, a MOMEHTHI OOIIMX BCIUIECKOB MOTYT OBITh
OTpeIeNIeHbI TOJIBKO C TOYHOCTHIO, PABHOW JIJTMHE BPEMEHHOTO OKHA. B TO ke Bpems
CJIMIIKOM CWJIBHOE€ YMCHBIICHHE JJIMHBI BPEMEHHOTO OKHA JIEJaeT CICKTPaIbHbIC
OIICHKH HEYCTOWYMBBIMH U TIOBBIIIACT BIUSHUE YUCTO ITYMOBBIX KOMIIOHEHT.

Kak wu3BeCTHO, MOYTH BCE MOJETH TOJATOTOBKH 3EMIICTPSICCHHN YKa3bIBAIOT Ha
YBEIWYCHUE KOJIJICKTUBHOW COCTABJISIFOIICH MOBENECHUS Te€O(PU3NUECKUX TOJIEH B 30HE
MOATOTOBKH 0 Mepe MpUOIMKEHHs K MOMEHTY 3emiieTpsicenuns (Kasahara, 1981; Mogi,

1985; Cobones, 1993; Cobones, [Tonomapes, 2003). Ecnu nonro m cpemHecpovHbIe



NPEIBECTHUKA HMEIOT XapakTep IUIaBHBIX OOHIMX W3MEHEHMH B IOBEICHUU
reopu3N4YecKux IOoJIeH W, CJIeJOBaTENbHO, €CTh HAASXKIa, YTO OHU MOIYT OBITh
BBISIBJICHBl CIIEKTPAJbHBIMU METOJaMH, TO KpPAaTKOCPOUHBbIE TPEABECTHUKH, KakK
NPaBUJIO, UMEIOT UMITYJIbCHBIN, “BCIIECKOBBIN~ Xapakrep (HampuMep, 00yCIOBICHHbBIC
pa3pylICHUEM TEPEMBIYCK MEKIy TPEIIMHAMHU B Odare), M Mo3TOMY BBIACIHTh UX HA
(OHE CUIIbHBIX TOMEX CHEKTPaIbHBIMU METOJAMU HEBO3MOXKHO.

Bbeixonom u3 3TOHM cuTyauuu SBJISETCS TEOpHUs BEMBIETOB — OPTOTOHAJIBHBIX
pa3lIoKEHUH CHUTHAIOB 1O cucTeMe QyHKumid ¢ GuauTHRIM HocuteneMm (Daubechies,
1992; Chui, 1992; Mallat, 1998). B xuure paccmarpuBaeTcsi Mpoleaypa MOCTPOSHHUS
arperupoBaHHOIO CHUIHajla MHOTOMEPHBIX BPEMEHHBIX PAJOB CHUCTEM MOHUTOPHHIA,
UCTIONB3YIOIasi B KauecTBe Oa3MCHBIX (YHKUUI HE KOMIUIEKCHBIE OCLMUIMPYIOLINE
OKCTMIOHEHTHI, a BelBieThl. [locrmenHee OOCTOATENBCTBO IMO3BOJSET BBIACHATH TAKHE
o01I1e CUTHAJIBI, KOTOPbIE OBLII0O HEBO3MOYXKHO BBIJIEIUTh CIEKTPAIBbHBIMU METOJAaMHU H,
B YaCTHOCTH, KpPaTKOCPOYHBIE MPEIBECTHUKH 3emieTpsiceHuid. Kpome Toro, Ha ocHOBe
UCIIONIb30BAaHUSl BEMBIET-PA3JIOKEHUM, CTPOUTCS Mepa KOIepEHTHOIO IOBEIEHHUs,
o0o0maromiast MoAXo ] Ha OCHOBE KAHOHWYECKUX KOTEePEHTHOCTEH.

Cnenyer moOAYepKHYTh, 4YTO TMpU aHAIW3€ JaHHBIX MOHUTOPHHra U3
CEHCMOKTHBHBIX PETMOHOB BO3MOXHBI TpPU NPUYMHBI BO3HUKHOBEHMS CHUTHaja
CHUHXPOHM3AlMY B HU3KOYACTOTHBIX T€OU3NUECKUX U3MEPEHUAX
IT1 1. Hannyue BHEIIHEro MCTOYHHMKA IMTOMEX C OOJIBIINM MPOCTPAHCTBEHHBIM PalnyCcoM

KOPPEJISILIUY, BO3ICHCTBYOMIETO Ha BCE MMyHKTHI U3MEPEeHNUs (HalpuMep, Bapuamnuu

aTMOC(EpPHOTO JaBICHHS).

IT 2. KoHconumanusi BemecTBa 36MHOK KOPBI B 00JIACTH, OXBATHIBAEMOU CETHIO

MOHHUTOpHHTa (00BETUHEHNE MAIIBIX OJIOKOB 3¢MHOM KOpBI B 00JIee KPYIIHBIE).

II 3. [TocTceiicMuyeckast CHHXpOHU3AIMsI BapHaluii reopU3nuecKuX Mojeu mociue

CUJIBHBIX 3€MJICTPSICEHUH.

Curnan II1 moxer OBITH yCTpaHEH IIyT€M KOMIIEHCALlMM BHEIIHUX aKTHUBHBIX
noMex, MOoJAallmMXcss u3MepeHuto. [Ipy sToM criexyer uMeTb B BUIY, 4YTO IIpH
HaJIUYUU HECKOJIbKUX OJHOBPEMEHHO JAEWCTBYIOUIMX, CBSI3aHHBIX IPYr C ApYyroM,
nomex 3¢ (HeKTHBHA JIUIIh UX COBMECTHasi, MHOroMepHas kommencanus. Curnan I13
HauOoJiee JIETKO BBIAEIAETCS NpPU HAONIOJCHUAX B CEHCMOAKTHBHBIX DPETHOHAX, U
3a4acTylo yOeIUuThCs B €ro CyIIECTBOBAHMHM MOXKHO IPOCTO BU3YallbHO, 03 Kakoil 1ubo
o0pabotku. Yrto ke kacaercs curHaia Il2, To oH sBisercs Hanbojee MHTEPECHBIM C

F60¢)H3H‘IGCKOﬁ TOYKH 3pCHUA U Hauoboee TPYAHBIM JJIS1 BBIACJICHUS. O'—ICBI/II[HO, qT0



OH TPEJACTABIISCT WHTEPEC I IMMOMCKA TMPEIBECTHUKOB 3EMIICTPSICEHUMH, TOCKOJIBKY
MPOIIECC TOATOTOBKH CHJIBHOTO 3E€MJICTPSCEHUS Ha CTaJWM TOSBICHUS JOJITO- W
CPEIHECPOYHBIX TPEABECTHUKOB HEHM30€KHO BKJIIOYaeT B ce0s KOHCOJMUAAIIMIO
BEILECTBA 3¢MHOM KOPBI.

Opra w3 mpoOiieM aHaIM3a CHCTEM MOHHUTOPHHTAa — WX MpeIBapUTelIbHAs
00paboTKa C 1EIbI0 TMOJTYYCHUS HEKOTOPBIX «HOBBIX» BPEMEHHBIX PSJIOB, KOTOpPHIS
coziep:kany Obl HanOonee OOIIMe XapaKTePUCTUKU JNAaHHBIX U ObUIM OBl MaKCHMAalbHO
CBOOOJHBI OT MHAWBUAYAIbHBIX ocobeHHOcTel. [IpocTelimmm ciocoOoM n30aBUTHCS OT
BIUSHUS MacmTaba IaHHBIX SBISACTCSA, HANpUMEP, WX HOPMAaIU3alus, TO €CTh
BBIYUTAHNE BBIOOPOYHBIX CPEIHUX W JEJICHHE Ha OICHKY CTaH/IAPTHOTO OTKIIOHEHHSI.
OpnHako BO3MOXHBI WHBIE, 0oJiee M3OIIPEHHBIE METO/IBI MPEABAPUTENBHON 00paboOTKH,
KOTOpPBhIC OCHOBAHBI HAa BBIJCICHUU TIyOOKUX CTATHUCTUYCCKUX CBOWCTB ITOBEICHHUS
CUTHAJIa Ha IOCJICJIOBATEIBHBIX HHTEpBasIaX BpeMeHu. OMH U3 CIIOCOO0B - 3TO aHAIH3
Bapualliii OIICHOK TIOCTOSIHHBIX XE€pCTa, a TaKXkKe MapaMeTpOB MYJIbTH(PPAKTATHHBIX
CIEKTPOB CUHTYJISIPHOCTH, MOJTYYCHHBIX B CKOJB3SIIIEM BPEMEHHOM OKHE. DTH CIIOCOOBI
MPeBAPUTEIHLHOTO TMPeo0pa3oBaHus WHPOPMAIUU COCTABISIOT COJEPKaHUE TakK
Ha3bIBaEMOT0 (PpaKkTaIbHOTO aHAIHM3a BPEMEHHBIX PSIIOB.

Bpemennsie psbl cucteM reo(u3n4ecKoro MOHUTOPHHTA, €CITA U3 HUX BBIWICHHUTH
JNETEPMUHUPOBAHHBIC ITUKIWYECKHE TPEHIBI CE30HHOTO XapaKTepa W BO3JCHCTBHE
MPUIUBOB, MPOSBISIOT OCHOBHBIE UEPTHI CaMOMOJOOHOTO TMOBEACHUS HAa PA3IUYHBIX
BpPEMEHHBIX MaciTabax: MPSIMOJUHEWHBIH TrpaduK CHeKTpa MOLTHOCTH B JBOWHOM
norapudmmgeckom Macirade, 3pGEKThl JIUTEITBHON MaMATH O MPOIUIBIX COCTOSHUSX.
[TooxuTtenpbHOE KauecTBO (paKTaJbHOTO aHAIM3a — €r0 CIHOCOOHOCTHh HCCIE0BATh
CUTHAJIBI, KOTOpPbIE C TOYKU 3PEHHUS KOBAPUAIMOHHON W CIEKTPAIbHON TEOpUH HE
collepKaT HUKaKoW WHPOPMAIMU U SIBISIFOTCS «IIYMOM», JHOO «OenbiM», Irbo
I[BETHBIMY.

B kxHuWre w3M0KeHBI Pe3ynbTaThl BBIACIACHUS A(PPEKTOB CHUHXPOHHU3AUH
BPEMEHHBIX PSJI0B MOHUTOPWHTA, TOJTYUYEHHBIC BCJIEICTBUE aHalU3a HE HCXOIHBIX
JMaHHBIX, a BapHalWii BO BPEMEHU IMAPAMETPOB HUX CHEKTPOB CHHTYJISPHOCTH,
OIICHCHHBIX B CKOJIB3SIIIEM BPEMEHHOM OKHE METOJOM aHaimm3a (IyKTyanuid mocie
UCKITIOYCHHSI ~ MAacIITa0HO—3aBUCHMBIX  TPEHJOB. OTH  Pe3yJIbTaThl  MOXKHO
MHTEPIPETUPOBATH KaK UCIIOJIH30BAHNE MYJIbTU(PAKTATBLHBIX MEP CHHXPOHU3AITUH.

OCHOBHBIM O0BEKTOM JaJbHEHIIIEr0 pacCMOTPEHHUs OyIIyT pe3yNbTaThl U3MEPEHUs

TaK Ha3bIBAEMBIX HHU3KOUYacCTOTHBIX (poHOBBIX mporeccoB (H®PII) B 3emHOil Kope,
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atmocdepe. [log H®PII moHmmaroTcs TOCTOSHHO HMEIONIME MECTO U CIyYalHbIN
XapakTep BPEMEHHbIC BapHalUU TreopH3MUSCKUX Mojel (HAKIOHOB, aedopmarnmit
36MHON KOpBI, YPOBHEW MOJ3EMHBIX BOJ B CKBKMHAX, KOHIICHTpAIMH XHUMHUYECKUX
AJIEMEHTOB B MOJ3EMHBIX  BOJAX,  WMHTCHCHUBHOCTH  BBIJICJICHHS  Ta30B,
AJIEKTPOCONIPOTUBIICHHSI TOPHBIX IMOPOJA, MUKpocelcMudeckoro (oHa, atMochepHOro
JIaBJICHUS U T.J.) C XapaKTePHBIM MEPUOJOM OT HECKOJIbKAX MHHYT JI0 HECKOJBKHX
MECSIICB U JAaXke JIeT (BEpXHUM MPeIe H3yIaeMbIX IEPHUOIOB 3aBUCUT OT JJTHTEIbHOCTH
HaOmoaenuii). HOII uMeroT MeCTo Kak B CEMCMOAKTHUBHBIX, TaK M B aCEHCMHYCCKUX
peruoHax W, OYEBHUJIHO, SBIAIOTCS HOCUTENEM HHQOpManMu O Mpoleccax,
MPOUCXOSAIINX B BEPXHUX CJIOSX 3€MHOM KOpbI, B TOM YHCJE U MOATOTABIUBAIOIINX
reokatacTpo(dsl (3eMIeTPsICEHH S, TOPHBIC yIaphI).

Kpome Toro, paccMOoTpeHO TpHMEHEHHE pa3pabdOTaHHBIX METONOB K aHaJIH3y
KJIMMaTHYeCKUX BPEMEHHBIX PsAM0B (pacxoaa BOABI B PeKax, €KEroAHBIX KOJEIl pocTa
JIEPEBbEB, PEKOHCTPYKIMM TeMmIepaTyp MO JIEJOBbIM KEpHAM BapHalUid YpPOBHS
Kacnuiickoro Mopsi, BapHvalii CKOpOCTH BeTpa). McciaemoBaHa HecTalMoHapHas
NEPUOANYECKas CTPYKTypa IMOCIEIOBATEILHOCTH  CEMCMUYECKUX COOBITHI B psiae
pernoHoB. PaccmoTrpena 3amada KiacCH(UKAUK OOJBIIOTO0 MAacCHBa 3-MEPHBIX
CEHCMMYECKHX 3aMUCceil COOBITHI B TITyOOKHX IIaxTax.

Kuura coctout u3 Tpex rias. /[Be riaBel METOIMUECKOTO XapakTepa U MOCBSILEHBI
U3TIOKEHUIO METOJOB aHalu3a MJaHHBIX CHUCTEeM MOHHMTOPHUHTa, B TOM 4YHUCIE U
pa3zpaboTaHHBIX aBTOpOM. M310KeHNE METOIOB COMPOBOKIAIOTCS MPUMEPAMHU aHATTN3a
peanbHBIX JaHHBIX MOHHUTOpWHTA. B Tperbeil rmaBe mocneqoBaTEeIbHO W3JIAraloTcs
IpUMEphl TMPUMEHEHHs] TMPEAJIOKEHHBIX METOJOB K aHaliu3y pazIUYHbIX JaHHBIX
MOHHMTOpPHMHTA Ui peUIeHHWs] 3aJad TOWCKAa MPEABECTHUKOB 3EeMIIETPSCEHUH,
OOHApYXEHHSI CKPBITBIX NEPUOAMYHOCTEH M XapaKTePHBIX TOYEK CMEHBI «MOJBI»
MOBEJICHUS UCCIIEAYEMBIX OOBEKTOB.

UccnenoBanuss Obutn  momuepxkanbl  Tpantamu POOU, INTAS, a Taxke
nporpammoit  Ilpesumguyma PAH «Dnektponnas 3emns». ABtop Oiarogapur
I''A.CoboneBa, [I'.H.KombutoBy, I.®.Mopoza, M.B.bonrosa, B.®.Ilucapenko,
A.®.Kymnupa, JL.b.Knamropuna, J[.M.Ileuepckoro, A.b.Manykuna, O.C.Ka3anuesy,
B.N.Ocuky, Bech KOJIJIEKTUB SKCTIEpUMEHTATOpoB JlaGoparopuu (usuku koineGaHUi
npobHbix Macc UD3 PAH, a taxke 3aeneka Kamada (Uexus) u ITutepa Ban ['enbaepa
(Humepnanapl) 3a MHOTOJICTHEE COTPYJHHYECTBO, TIOJE3HBIE U IUIOJOTBOPHBIC

00CYXICHUS U TIPEIOCTaBICHHBIC IaHHBIE HAOIIIOICHH.
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T'JABA 1.
METO/Ibl AHAJIN3A CKAJISIPHBIX BPEMEHHBIX PSJ10B.

B 5T10ii rnaBe u3nararoTcsi METOAbl aHAIM3a CKAJSIPHBIX CHUTHAJIOB. B mpouecce
U3JI0KEHUST METOJbl WIUIIOCTPUPYIOTCS MpuUMepaMu OOpaOOTKH peabHBIX JaHHBIX
CUCTEM  MOHMTOpMHIa. OTH  [pPUMEPbl, NOMHUMO  YHUCTO  METOJIUYECKO,
WUIFOCTPATUBHOM, LEIM YacTO MMEIOT U CaMOCTOATENBHBIM HMHTEepec. B mpumepax
AQHAJM3UPOBAHBl  PA3JIMYHBIE CTATHCTUYECKHE CBOWCTBA CIIEAYIONIMX CHTHAJIOB:
rio0anbHas TeMIepaTypHas aHOMalus, PEKOHCTPYKLUS 3HMHUX TeMIeparyp B
I'pennanauu (553-1973 rr.); maneoMarHuTHOE HAKJIOHCHHE 3a MHTEPBal BpeMeHH 265
TBIC. JIET; 3aBUCHMOCTb YHCJIEHHOCTH MOTOJIOBbS CEIbAM OT HEPECTOBBIX 3alacos;
cpeaneronoBbiec Temmeparypbl B IlentpanbHoit Anrmuum (1723-1970 rr.); 3amucu
MUKpoceiicM Ha ceiicMoctaniuu [letponaBnoBck-Kamuarckuii niepen Kponorkum
semsetpsiceanem  (05.12.1997); nmeHIpOXPOHOJIOTHSI CPE30B  OCTHCTOH COCHBI B
Kamudpopuuu, (6000 r. no H.3. — 1979 r.); Bapuanuu 3IEKTPOTEILTYPHUECKUX
noreHnuagoB Ha Kamuarke; ceHCMHMYECKMI peXHM B OKPECTHOCTH SIHUIEHTpa

3emuetpsicennst Ha Cymatpe (26.12.2004); execyrounbie cToku Peiina, (1816-1997 rr.).

1.1. [lukanyecKue TPEeH/bI.

3amaua BBIACICHUS TPEHAA BPEMEHHOTO psiia SIBJISETCS IMEPBBIM €CTECTBEHHBIM
maroM TMpU aHalIu3e JJaHHBIX. Pa3ieneHune CcurHajia Ha «TPEHA» W «OCTATOK»
JIOCTATOYHO YCIIOBHO W OCHOBAaHO HESBHO Ha TNPEANOJIOKEHUH, UYTO IUIABHBIE,
HU3KOYACTOTHBIC M3MEHEHHsI 00YCIIOBICHBI BIUSHUEM KAKUX-TO JETEPMHUHHPOBAHHBIX
NPUYMH, TOIJa KaK CPaBHUTEIBHO BBICOKOYACTOTHBIE OCHWJUISILIMM OTPa)karoT
CIIy4yalHYIO0 COCTaBJISIONIYI0 cuUTHayia. OYeBUIHO, YTO Takash MHTEPIPETALUS 3aBUCUT
OT BPEMEHHOTO MaciTada, Ha KOTOPOM pacCMaTPHUBAETCSl BPEMEHHOM PsiJl, TaK KaK MPH
€ro yBEIMYEHUH HHU3KOYACTOTHBIE BapHallMM TIOCTEIEHHO TMEPEeXOIiaT B paspsi
BBICOKOYACTOTHBIX M, TE€M CaMbIM, CTAaHOBATCS «0Oojee ciaydailHIMu». CyIecTBYeT,
OJIHAKO, KJIACC TPEHIOB, OTPAKAIOIINX YCTOWYUBYIO HU3KOUACTOTHYIO MEPUOIUIECCKYIO

COCTABJISIIONIYI0 CUTHAIA, KOTOPBIEC Jajee Oy/neM Ha3bIBaTh IMUKIMYECKHUMH. BaKHOCTH
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3TOro kjiacca OOYyCIOBIEHO TEM, YTO, IPU HAJIWYUM TaKOro TPEHJA, OH CHIIBHO
yIPOLIAEeT IPOTHO3 BPEMEHHOTO A U JIENAET ero 0osee «1anbHOOOMHBIMY.

Bcrony Huke, eciu He OyneT OroBopeHO 0co00, BpeMEHHas INepeMeHHas t
SIBJISICTCSL 1ICTIOYMCIICHHBIM HMHICKCOM, HYMEPYIOIIUM OTCUeThl (MOCIeA0BaTEIbHbIC
3HAYEHMs) BPEMEHHOro psnma. Ecim BpeMeHHOW ps  TpEACTaBIseT  CcOOOM
[OCJIEI0BATEIbHOCTh M3MEPEHUH C paBHOMEPHBIM HIaroM ot 1O BpEeMEHH, TO JUIs
IOPOCTOTH M3JIOKEHHUsST OyJeM NepexoAuTh K E€IMHUIAM BPEMEHH, PaBHBIM MIary
JTUCKpeTH3auu ot .

Tpenn moxer ObITh opMaNN30BaH KaK cyMMa 3aJaHHbIX GyHKIuil Bpemeru g, (t)

C HCU3BCCTHBIMHU KOS(i)CI)PIL[I/IeHTaMI/I Yk :

G(t) =igk(t)+e0 (1.1.1)

Beibop ¢ynkmmit g, (t) =a, cos(2zt/T,)+b, sin(2zt/T,) 3amaer cemeilcTBO
LIMKINYECKUX TpeHnoB. Ecmu mepuomsl T, TPeHIOB M3BECTHBI, TO 3a3jada
MJICHTH(HUKAINE HEN3BECTHBIX aMIUTUTYA 8, , D, 1 cratimdyeckoro cMmemenus G, Moxer

OBITH CPAaBHUTENIBHO JIETKO pelleHa U3 MUHUMYMa CyMMbI HEKOTOPBIX MEp OTKJIOHEHHS

tpenaa ot Habmoaenuit X (t),t=1,...,N:
N
Z@(g(t)) - mibn, e(t)=X(@)-G(t) (1.1.2)
t=1 &

Ecmu ¢ynkums ®(s) =&, 1o 3amaua (1.1.2) cTAaHOBHTCS CTAaHAAPTHOH 3ajaveit
MeTofa HamMeHbIx kBagparoB (MHK) u mpu  ycioBuM HOpPMalbHOCTH |
HE3aBUCUMOCTH pacntpezencHus BenuuuH £(t) (to ecth, ecnu £(t) — crannoHapHBIH
rayCCOBCKHMI Oenbplii IIyM), OIIEHKa MapaMeTpOB IMKIUYECKOTO TPEH/a SBISCTCS
OLICHKOW MakcuMyMma mpaBaonofoous. CTaTUCTHYECKHE CBONCTBA TaKHX OILICHOK
nopooHo uccienosansl B (Anderson, 1971).

Hannuue B HaOmoneHusix X (t) BBIOPOCOB, 00YCIIOBICHHBIX JTUOO COOSIMU CUCTEMBI
peTUCTpaIyd, JIMO0 MPUPOI0H N3MEPSIEMBIX BEIWYHH, TO €CTh «TSDKEIBIMH XBOCTAMI»
IUIOTHOCTH pacrpenerieHuss HeBsi30K &(t), MpUBOAMT K HM3BECTHON HEYCTOWYHMBOCTH
MHK-ornenok (Huber, 1981). OGecnieucnue Oosbliiell yCTORYUBOCTH WU POOACTHOCTH
OLIGHOK TpeOyeT 3aMeHbl KBaApaTUYHOW (YHKIMHM OTKIOHEHHS Ha KaKyr-HUOYIb
ApYTyl0, pAcTyIIyl0 He TaK OBICTpO Kak & . OJHHM U3 BBIXOJOB ABJIAETCA

ucnons3oBanne D(g)=[&|, 1o ectb mepexox or MHK k Meromy HaWMEHBIIHX
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Moayiei. OAHaKo WCIONBb30BaHUE TaKOH (YHKIMU HEBSI3KM CHIBHO YCIOXKHSET
BBIYUCIICHUS (TpeOyeTcs, (GaKTUYECKH, peraTh 3a4a4y JIMHEHHOrO IIPOrpaMMUPOBAHHS)
U, KpOME TOro, MOXET ObITh HEaJeKBaTHO pEalbHOW IJIOTHOCTH paCHpeesIeHHs
HEBS30K.

JlpyruMm mmyTeM yBeIUUeHHUs: pOOACTHOCTH OLIEHOK SIBJISIETCS UCIIOIb30BaHUE METOAA

MaKCHMyMa MpaBAONOA00Ws, B TPEANOIOKEHHH, 4YTO OCTaTOYHbIA curHain &(t)

pacrpezielieH He IO HOPMaJlbHOMY 3aKOHY, a COTJIACHO KOMOWHUPOBAHHOM TIOTHOCTH
pacopesenenus, KoTopas MpU MallbIX & COBIAJAeT C HOPMAJIbHBIM 3aKOHOM, a Mpu

OoubinX — ¢ pacnpenenenuem Jlamnaca. Ito pacnpeneneHne uMeeT mwiotHoctsh (Huber,

1981):

p(e) = ﬁexp(—S—Z) npu ¢ < sa (1.1.3a)
S 2s
0(s) =€exp(—§(| ¢l —%)) pu & > sa (1.1.3b)

rae a — T.H. mapaMmerp poOacTHOCTH, OOBIYHO NMpPUHUMAROIIUI 3HaueHus 1-3 (Hrbke
UCTIONIb3YEeTCs BCIOAy a=2), S — mapamerp Maciutaba (aHaJOTHUeH CTaHIAPTHOMY

OTKJIOHCHHIO B I'YCCOBCKOM 3akoHe), [ = f(a) - HopMHUpOBOUYHAS TOCTOSHHASI.

Beenem B paccMotpenne (2m +1) -MepHBIi BEKTOP MapaMeTpoB TPEH 1A

c=(a,b,..,a,b,,G,)" (1.1.4)
re BepxHuil unaekc “T” o3HayaeT TpaHCIMOHUPOBaHHE BeKTOpa-cTonoma. Kpome toro,
BBeneM (2M +1) -MepHyr BeKTOp-(yHKIHIO:

Y (t) = (cos(8,(t)),sin(é,(t)),...,cos(@, (t)),sin(@, ()),)", 6, (t)=2xt/T, (1.1.5)
Torna Moaens BpEMEHHOTO psijia ¢ HUKINYECKUMHU TPEHJAMH MOKET OBITh 3alucaHa B
KOMITAaKTHOM (hopme:

X(t)=cTY (t)+e&(t) (1.1.6)
Metoi MaKCUMaIBHOTO MPABIONONO0HS TPH YCIOBHM HE3aBUCHUMOCTH BennunH £(t)

s cydast (1.1.3) mpuBOIUT K Cleayroliel 3aaue MakCHMH3AIUK (C TOYHOCTBIO JI0

aJITATHBHOM KOHCTAHTBI, 3aBUCSIIECH JIUIIb OT Iapamerpa a ).

3 20-2 Y |2®)]-NIn(s) >max  (L17)

le(t)|<sa le(t)|>sa

J(c,s) =ZN:|n(p(8(t)) 2—2%2

Pemenne 3amaun (13) MOXET OBITH IMOJyYE€HO YHCICHHO, IIyTEM KOMOHHAIIUU
00o0menHoro Metoza HeloToHa Ui oMCKa BEKTOpa C M METOJIa TPOCTOM HUTEpaIiH

1uis1 moricka napametpa S (JIroOymma u np., 1992):
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el = ¢ L A (D sRED,sD),  sU =1/ 4 (e, sy (1.1.8)

rne J=0,1,... sBasgercs mHAekcom wuteparmii. Matpuiia A(C,S) u Bektop R(C,S)

BBIUHCJIISIIOTCS COTJIACHO CleAyoIUM GhopMyiam:

Ac,s) =t0§:—1F"(g(t),s)-Y(t)-YT(t), R(C.s) :toi_lF'(g(t),s).Y(t), | (1.1.9)
F'(e,s)= {ja !;5(""8)1 oioas FE9= {01 ||j||f :S (1.1.10)

Oyukius y(C,S) omnpeneneHa corjiacHO (popMmyiam:
2(e.9) =y’ +4a -)I(22), (11.12)
a=Y t)/N, y=a D |e®)I/N, &=X(t)-cY(t) (1.1.12)

le|l<as |&|>as
BeiBoa cootnomenuii (1.1.8) ocHOBaH Ha cieayrOIUX COOOpakeHUsX. Eciau MbI

paccMOTPUM 3aBUCHMOCTh BeMunHbl J(C,S) OT mapaMeTpa S, TO HETPYJHO 3aMETHUTb,

YTO OCHOBHAS YacTh 3TOH 3aBUCHMOCTH 0OYCIIOBJIEHA HaTMYMeM MHoxkuTenei 1/(2s?)

u a/s. Eciu JS - manas Bapuanusi S, TO COOTBETCTBYIOIINE €l BAPHALIUKM CYMM:

2 M X el (1.1.13)

le(t)|<sa le(t)|>sa
2
YMHOXCHHBIC Ha l/(ZS ) u al S, MHOTO MCHbIIIE (I/I MOT'YyT OBITH BOBCE PaBHBIMHU HYIIFO

JUIS MaBIX OS ), 4eM BapHallMi camMuX MHoxutenei 1/(2s°) m als, yMHOXEHHBIE Ha

cootBetcTByomme cymmbl u3 (1.1.13). [ToaToMy, eciii MbI XOTHM OLICHUTh BapHAIUIO

J(c,S), BbI3BaHHYIO OS, MbI MOXeM M0J0XHTh BenuunHbl (1.1.13) npubausutensHO

IIOCTOSHHBIMH U, TAKMM 00pa3oM, MOJIy4uTh GopMyIy:
5J(c,s)z_ﬁ.(1—ﬁ—1j 5s (1.1.14)
S

N3 ycmoBuss 6J(C,$)=0 crieayer KBagpaTHOE YypaBHCHHE OTHOCHTEIIBHO
HEM3BECTHOH BemmuuHbl I =1/S: ar’+yr—-1=0, KOTOpoe HMeeT eIMHCTBEHHBIH
MOJIOKUTENBHBIA  KOPEHb r=y=K7r"+4a-7) / (2a). BcmomuuMm, 4YTO B

JEUCTBUTEIILHOCTH BEJIMYUHBI « U Yy 3aBUCAT OT S u pPacCMOTpUM TIOCJICAHCEC

ypaBHEHHE KaK UTEPALMOHHYIO MPOLEAYPY /Ul YTOYHCHUS 3HAYCHUs mapamerpa S (2-

oe ypaBuenune B (1.1.8)). Kcraru, ecnmu momoxuTh mmapameTp pobacTHoCTH A

noctatogHo OonbiuM, To ¥ =0 u cornacuo ¢popmyie (1.1.14) S=+~/a uro coBmagaer
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¢ MHK-oneHnkoil cTaHmapTHOro OTKJIOHEHMS. MTepanmoHHas mpoueaypa CTapTyer C

HavyaJpbHOTO MpUOIMmKeHus coraacio MHK:

c=A/R, A = i\((t)\(T t), R,= i X ()Y (t) (1.1.15)

U CXOJUTCSI O9€Hb ObICTpO — 3a 5-10 ureparuii.

OrleHKa MUKIMYECKOTO TPEHIA MOXKET CIYKHTh OCHOBOW sl (DOPMYITHPOBKH
TUIIOTE3 0 OyayIleM MOBeACHUH mpoiiecca. Kitaccuueckuii moIxo1 K MPOrHO3uPOBaHUI0
BPEMEHHOI0 Psijia COCTOMT B MCIIOJIb30BAaHUU KOPPEJISALUI COCEHUX 3HAUCHHUI CUTHAJIa
Y TIOCTPOCHUHU TPOTHO3a HA OJIMH WK 0OJiee MIaroB BIIEPE/I 0 BPEMEHU B BUEC CyMMBbI
OIPEICTICHHOTO YMCIIa MPOIUIBIX 3HAYEHUH, B3ATBIX C BECOBBIMH KO3 dUIIMCHTaMU —
9TO M eCTh IHWHeWHas mozaenb aBroperpeccuu (Box, Jenkins, 1970; Kashyap, Rao,
1976). 3nayeHus BECOBBIX KOIPPHUIMEHTOB (KO3(DDUIIMEHTOB aBTOPErpeccuu)
OTIPEICNISIOTCS IyTEM MUHUMH3AIMKA CYMMbI KBaIPaTOB OIMIMOOK MPOOHBIX MPOTHO30B B
nponuioM. MeTOoIMYeCKOM OCHOBOW I MPOTHO3a BIEpEN SBJISIETCA THUIOTE3a O
CTaIMOHAPHOCTH CHUTHAJNA, TO €CTh O TOM, YTO TE 3HAYCHHS KOPPEIALHA MEXIy
COCEJIHUMH 3HAYCHHUSMU PsiJia, KOTOPbIe ObLTH B MPOIILJIOM, OCTAHYTCS HEU3MCHHBIMH H
B Oyaymiem. [Ipy BBIMOJIHEHHH TOM TMIIOTE3bI CTATUCTHYCCKHI MIPOTHO3 HA OJMH IIIar
BIIEPE]l, UCIIOJIB3YIOINN KOPPEISIHIO C TPOLUIBIMU 3HAYCHUSIMH (DAKTHUCCKH SBIISICTCSI
ONTHMAJIbHBIM.

OpHaKko TMpH MPOTHO3UPOBAHMM HE HA OJIMH, a HAa HECKOJBbKO IIIaroB BIEpE]
JUCTIEPCHs MPOTHO3a B CHJIY KJIACCHYECKHUX JIMHCHHBIX MOJENeH HadMHAeT ObICTPO
pacTd W 4Yepe3 HECKOJBbKO IIAroB BIEPE] BBHIXOAUT HAa ACHMITOTHYCCKHHA Mpeaea —
3HAYEHHE IMOJHOM TUCIIEPCUH MPOTHO3UPYEMOro mporiecca. [locaenHee o3Ha4aeT, 4To
ABTOPETPECCUOHHBIA IMPOTHO3 BBIPOXKIACTCS B TPUBUAIBHBIA, KOTJa B Ka4yeCTBE
MPOTHO3a BBIAAETCS MPOCTO CPEIHUI MOKA3aTe)Ib CUTHANA, BEIYUCICHHBIH 110 TPOILTBIM
3HAYECHUSM.

Kpome Toro, (hakTopom, OCIOXHSIOIIMM MPUMEHEHHE KIACCHYECKOro MPOTHO3a,
YacTO SBISCTCA JIOMHHMPOBAaHWUE HHU3KMX YacTOT B BapHalUsAX CHUTHANA, YTO
9KBUBAJICHTHO HApPYIICHHIO THUIOTE3bl O CTalMOHAapHOCTH. OJHUM W3 CTaHIAPTHHIX
IPUEMOB, YBEJIIMYMBAIOIINX CTAIIMOHAPHOCTb, SIBIISICTCS MEPEXOJ OT UCXOAHBIX PSAIOB K
psimam B mpupaiieHusx. Ho Takoil mepexoja MOAMEHsET 3aaady IPOrHO3a 3HAYCHUMN
HCXOJHOTO psijia 3aJaueii MPOTHO3a €€ TPUPALICHUH W YBEJIMUYWUBACT MIyM. Eciu

BPEMEHHOM DS COIEPKHUT CHWIBHYID MOHOXPOMATHYECKYK) HU3KOYACTOTHYIO
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KOMIIOHEHTY, TO BIIOJIHE €CTECTBEHHO OLIEHUTh €€ II0 HMMEIOIIMMCS JaHHbIM U
HMHTEPIIONUPOBaTh B Oylylllee Ha HECKOJBKO IIIaroB BIEpE] B KaueCTBE BO3MOXKHOTO
CLIEHapus MOBEJCHUS CPEHETO 3HAYCHUSI.

B kaudecTBe mpuMepa pacCMOTPUM BPEMEHHOW psij TI00aJbHOM TeMIepaTypHOM
aHOMAJIMK Ha TMEPUOJl MHCTPYMEHTaIbHBIX HaOrogenuit 1861-2000 rr. (Lawrimor et
al., 2001) Ha Puc.1.1 ero rpaduk n3o0paxkeH TOHKON JuHHUeH. [[ukindeckuii TpeH ¢
OJIHOW TapMOHMKOM, MpPEACTABICHHBIA TOJCTOM CIUIOIIHOM JIMHUEH, TMOJYy4YeH
cienyouM obpazom. OIEeHMM MapaMeTpbl JMHEHHOrO TPEeHJa W BBIYTEM €ro U3
AHAIM3UPYEMOTO psija 3HadeHuM. I ocTtaTka mocie BbIYMTAHUSA JMHEWMHOTO TpeHAa
nox0epeM HaWIydlllyl0 TaApMOHUKY C HEKOTOPBIM IEPUOJOM M BBHIYMCIUM €€ 3HaYCHUS
st uaTepBana Bpemenu 2001-2030 rr. Hakonen, BepHeM YCTpaHEHHBIN 0Ouit

nuHenHbIN TpeHa. OneHka mapaMerpa S 3a/1acT HHTEPBAJIbI OITMOOK MPOTrHO3a.

TeMIIepaTyPHa s AHOMAJIHA
dT (rpan. C)

0.4 —

Tognl

T T T T T T T T T T T T T T T T
1860 1880 1500 1520 1540 1960 1980 2000 2020

Puc.1.1. Iluknuyeckuid TpeH TI0OATbHOW TeMIepaTypHOW aHOMaIMU (TOJCTAs JIMHHSA),
MexrofoBeie Bapuaruu dT (ToHkas jauHus) u moBeneHue Tpenaa Ha 2000-2030 rr. (toncras
MITPUXOBAS JTUHUS C BEPTUKATBHBIMHU 3aCEYKaMH CTAHIAPTHBIX OTKIIOHEHHIA).

Jlist HaXOKIeHUs TIepro/ia TpeHAa ObLT HCIIONB30BaH CISAYIOMNI npueM. 3a1aaum
HEKOTOpBIH HHTEpBaJl MPOOHBIX 3HaueHUM nepuonos. [l kaxzmoro mnepuoaa
LIUKJIAYECKOr0 TPEHJAa M3 3TOr0 HMHTEpPBAJIA MOXXHO HAWTH TapMOHUKY, HaWIydlIUM
00pa3oM annpoKCHUMHUPYIOIIYIO DPsJl TEMIEPATypHBIX AHOMAJUM IOCie HCKIIOYEHHS
obmiero yuHeiHOro TpeHaa. [Ipu 3TOM OCTaTOK MOCie UCKIIOYEHHS HUKIMYECKOTO
TPEeHJa C 3aJaHHBIM IEPHUOJOM OyJeT XapaKTepU30BaThCS HEKOTOPHIM IapaMeTpoM

Macmitaba IUIOTHOCTH pacnpenencnuss octatka S(T), 3aBUCAIIMM OT 3HAYCHHS

nepuoga. Haiimem nepuon u3 pemrenus 3agaud S(T) — Min, HampuMep, METOIOM
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30J10TOr0 cedyeHus. [ psga riao0anbHOM TeMIepaTypHOW aHOMalMKd — TIOCIIE
UCKJTIOYCHHsI OOIIEro JMHEHHOrO TpeHJa W TOWCKa IepHoja TPEeHJIAa B HHTEpBaJie
3gauenuii oT 20 no 200 et ObLUIO HAiIEHO ONTUMAIbHOE 3HaueHue | =64.13 rona.
WNuTepnperanus pe3yabTaTa MOArOHKY MUKINYECKOTO TPEHA U €r0 WHTEPIIONSIIIHH
Ha Oyayliee JOCTaTOYHO OYCBUJIHA: MCXOJS W3 TOBEICHUS aHOMAJMU HA IOCIICTHUC
140 yiet oHUM W3 CIIEHAPHEB ABOJIIONMH KiuMaTa Ha Ommkaiimue 30 et sBiseTcs He

rinobanbHOE moTeruieHue, a Hekoropoe noxonoaanue (Klyashtorin, Lyubushin, 2003).

1.2. TayccoBCcKHUeE U JIOKAIbHO-MOJTUHOMUATbHbIE TPEH/IbI.
OueHnka TpeHIa MOXET OBITh PAaCCMOTPEHA Kak Mpoleaypa CriaKUBaHUS JaHHbIX.
OpHUM U3 TOMYJSPHBIX METOAOB CIIaKUBAHMS SIBIISETCS MCIOJIb30BaHUE STACPHBIX

¢byuxiumii  (Hardle, 1989). TIlycte y(S) - mNPOW3BOJBHBIA  OrpaHUYCHHBIH

MHTEIPUPYEMBIM CHTHAJ C HENPEPBIBHBIM BpeMeHeM. Ha30BeM siiepHBIM yCpeaHEHUEM

¢ mapamerpom Mmacmrtaba H >0 cpennee 3nauenue Y(S|H) B MoMeHT BpemeHu S,

BBbIUHCIIsIEMOE TI0 (hopMyJIe:

y(sIH) = [ y(s+HE) -w(&)d¢ [ [w(£)dé (1.2.1)
Irac l//(.f) - [pOU3BOJIbHAsA HEOTpULATCIIbHAA OrpaHUYCHHAsA CUMMCTPHUYHAA

uHTerpupyemas QyHKIMS, Ha3piBaeMas aapoM ycpeanenus. Ecim w (&) = exp(-£?), To
Ha3oBeM BenuuuHy Y(S|H) rayccoBckum TpeHmoM ¢ mapamerpoMm (pampycom)

ycpennenust H. Jlis curHanoB ¢ JUCKPETHBIM BPEMEHEM BBIYMCICHHE SICPHBIX
TPEHAOB MOXKET ObITh A(G(EKTUBHO peaJu30BaHO C IOMOIIBI  OBICTPOTO
npeoOpazoBanus Dypre. ['ayccoBCKuMil TPEHI OTHOCHUTCS K KJIAcCy HemapaMeTpHYECKUX
TPEHIOB, KOTOpBIE I€JIeCO00pa3HO MPHUMEHSATh TOT/A, KOrJa HEeT amnpHOpPHON
UH(OPMALIMHU O BU/I€ HU3KOYACTOTHBIX BapHaluil psa.

Puc.1.2 muroctpupyeT mpuMEHeHHe rayCCOBCKOTO TpeHaa. Ha Hem mpeacTaBieHbI
MCXOJIHbIE JJAaHHBIC PEKOHCTPYKIMH €KETOJHBIX 3UMHHX TeMIeparyp B ['peHiaHnuu B
Teuenne 553-1973 TT. Mo comepkaHMio H30TONMAa O B JNETOBBIX KepHaxX w3 JlaTcKoil
Jaboparopun u30TONHOrO aHanu3a Komenrarenckoro ynusepcutera (Dansgaard et al.,
1975) u ero rayccoBckuii TpeH] ¢ mapamerpom ycpeaHenus 10 ner. [lanHble mr00€3HO

npenoctasiensl B.W. HukomnaessiM (MuctuTyT I'eorpaduun PAH).
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Puc.1.2. 'ayccoBckwii TpeH I ¢ mapameTpoM yepeaaenust 10 et (Toxcrast IMHNSA) JaHHBIX
©KETOJIHBIX PEKOHCTPYKINi 3uMHUX Temnepatyp B ['pernananu (553-1973 rr.) mo
COIEPKAHMIO H30TONA O B JIEI0BBIX KePHAX (TOHKAS JTHHHS).

YacTo BpeMeHHas IMOCJIeN0BATENbHOCTh 3aJaHa B TOYKAX, HE 00pa3yromux
PaBHOMEpPHYIO CETKY IO BpeMeHHU. B 3ToM ciiydae BO3HHMKaeT 3agada mpeoOpa3oBaHUs
UCXOJIHBIX JAHHBIX K OOBIYHOMY BPEMEHHOMY PSIy C IMOCTOSIHHBIM IIIaroM Mo BPEMEHH
— IOCKOJIbKY OOJIBIIMHCTBO METOJIOB aHAJIW3a CUTHAJIOB PACCUUTAHbl HAa MOCTOSIHHBIN
MHTEpPBaJl B3ATUS OTCUETOB. Takoro poja npeaBapuTenbHas o0pabOTKa TaKKe MOMKET
OBbITH BBINOJIHEHA C IOMOINBIO sIEpHOTO criaxuBaHus. IlycTe ucxoaHble AaHHBIE
IpENCTaBIsIOT coboi nocnenosatenbHocTs map uncen {t;, z;}, j=1,...,N, B koTopbix
IIEPBOEC — CyTb BPEMEHHBIE METKH, BTOPOE — HEKOTOpas u3Mmepsiemas BenuuyuHa. Jlins
nepexosia K paBHOMEPHOMY IIary IO BPEMEHM MpPEXJE BCEro HEOOXOAMMO 3aJaTh
BpPEMEHHOU MHTEpBaJl AUCKpeTu3auuu Ot . Ero MokHO BBIOpaTh U3 YCIOBUS MaKCHMyMa
THCTOTPAMMbI NPUPANICHUH BPEMEHHbIX METOK t;. Jlanee HEOOXOMMMO OCYIIECTBUTH
Iepexo] K CUTHalIy ¢ paBHOMEPHBIM IIAarOM II0 BPEMEHM — JUIsl 3TOTO HAaJI0 COBEPIIUTH
OIIepaLUI0 YCPETHEHHS UCXOAHBIX (HEPaBHOMEPHBIX) JAHHBIX B OKPECTHOCTH Ka)IIOH
BPEMEHHON TOYKH, B3ATBIX ¢ marom ot. Ilycte 7 - Takas touka. g momyuyeHUs

3HAUCHHS PABHOMEPHO OIU(PPOBAHHOTO CHUTHama X(7) BOCHONB3YyeMCs SACPHBIM

rayccoBckuM metozoM ycpeanenus (Hardle, 1989):

X(r) =W, (z | H) /W, (z | H) (1.2.2)

W [H) =3 2 (- H), Wolel H)= 2w - ) H), (@) =exp(-2)

(1.2.3)
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ITo cmbicay dopmyn (1.2.2) u (1.2.3), B cpenHee 3HaueHue X(7) OCHOBHOM BKJIAJ

BHOCAT T€ HCXOAHble wu3Mepenust (1;,Z;), I KOTOPBIX BPEMEHHBIE METKH
YIOBIETBOPAIOT ycnoBuio  |t; —7|<H. Orciona cnemyer ecTeCTBEHHBIH BBIOOD

napamerpa H - OH 1ODKeH OBITh PaBEH MOJOBHWHE BBHIOPAHHOTO MIara 1o BPEMEHH, TO
ectb  Ot/2. Ilpm peammsamumu Takoro cmocoba Tepexoga K PaBHOMEPHO
OoUM(pPOBAHHOMY CHUTHAJIy MOXKET BO3HHUKHYTH CHTYyalus, KOTJa HEMOCPEICTBEHHOE
npuMeHeHne Gpopmysl (1.2.2) npuBeaeT K HEONPEISICHHOCTH TUIIA JCICHHs Ha HOJIb —
B TOM Cllydae, KOTJa TOYKa 7 JIKHUT BHYTPH JOCTAaTOYHO UIUTEIHHOTO HWHTEpBaja
BpPEMEHHU OTCYTCTBHS U3MepeHuil. B 3ToM ciydyae HE0OXOIMMO YBETUYUTH MapaMmeTp
ycpeaHeHuss H Tak, 4ToOBI SIpO yCpelHEHHs M3 TOYKU 7 MOIJIO «JOCTAaTh» J0

OnKkaiiux K 3TOH TOYKE BPEMEHHBIX METOK t; viu uroObl Bennuuna W, (7 | H) Obina

HE MCHBIIIE HEKOTOPOTO MOPOrOBOI0 MAJIOro 3HAYCHHSI.

Puc.1.3 wWUIOCTpUPYET TNPHUMEHEHHE BBIMIEH3I0KEHHON TEXHHKHM IIepexoia K
paBHOMEpHOMY Iary Juiss majeoMarHuTHbIX gaHHbIX (ITewepckuii u  ap., 2005;
Pechersky et al.,, 2004). OmHuM Hu3 BaXXHBIX BOIPOCOB TI'COAMHAMUKU SBJISETCS
OTpEIEJICHHE TI0 DKCIEPUMEHTAIBHBIM JaHHBIM YaCTOTHO-BPEMEHHOM CTPYKTYPBI
U3MEHEHMs] HANpAaBJICHWs BEKTOpAa MArHWTHOTO IIOJss B IPOLUIOM Ha OOJBIINAX
HHTEpBajax BpeMeHH. VICXOIHBIMU JTaHHBIMH SBIISIOTCS PEKOHCTPYKIMH HaIlpaBJIeHUsS
BEKTOpa M0 MCCIEI0BAaHUAM 00pa3ioB ropusix mopoa. Ha puc.1.3(a) kpectuxamu
0003HAYEHBI MCXOJHBbIC JaHHBIC MAJTCOMATHUTHBIX HAKJIOHCHHH. BpeMeHHbIE METKH
00pa3yroT OYeHb HEPABHOMEPHYIO CETKY 3HAUCHHH, XapaKTEPHU3yEMYI0 HAIMYHEM Kak
UHTEPBAJIOB CTYIIEHUS (OYEHb YacTOro U3MEPEHHs), TaK M JOCTATOYHO JIHTEILHBIMU
WHTEpPBAJaMU OTCYTCTBUS JaHHBIX. CaMM 3HAUCHHS  XAPaKTEPU3YIOTCS BBICOKHM
IIyMOM H3MEPEHH, 0 YeM MOYKHO CYIHWTh IO OOJBIION aMILIMTYyC UX W3MCHEHHUH B
UHTEpBAJaX CrYIIEHHS BPEMEHHBIX METOK. IlepeyMciieHHBIE BBIIIE HEIOCTATKH
JAHHBIX, TEM HE MEHEE, HE CHHMAIOT BOIPOCca 00 WX HCIOJIB30BAHUU B IIOIBITKAX
OTBETHUTH Ha BOIPOC, B KAKHE MHTEPBAJIbI BPEMEHHU B MPOIIOM M HAa KAKUX MEPUOLAX
Oblla MakCHMAaJlbHasl aMILIMTY/a Bapualliii HAMpaBICHHUS BEKTOpAa MArHHUTHOTO ITOJIS.

st 3TOr0 HEOOX0IMMO NMEPENTH K Py C PABHOMEPHBIM IIarOM 10 BPEMEHHU.
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Puc.1.3. [TaneomMaruuTHOE HaKIoOHeHHe: (a): Toukamu (X) 0003HAUEHBI HCXOAHBIC JaHHBIC,
TOHKOU JIMHUEH — Tpa MK yCPETHEHHBIX 3HaYCHHH ¢ paBHOMEpHBIM marom 0.5 TeIC. seT;
TOJICTOM JIMHUHA — OOIIHI TPEH .

l'ucrorpamma mpupamieHUd BPEMEHHBIX METOK TOKAa3bIBaeT MAKCUMyM JUIS
3Havenuii ot 0.3 go 0.7 (teic.ier). [TodTOoMy B KadecTBe miara Mo BPEMEHH OBLIO
BeIOpano 3Hauenue 0.5 kak Hambosee THMMYHOE T npupalienuii. Ha pucl(a) Tonkoit
CIUIONIHOW JIMHHEH u300paxkeH rpaduK psjga yCPEIHCHHBIX 3HAYCHHU (COTrVIAaCHO
dopmynam (1.2.2) u (1.2.3)) ¢ paBHOMEpHOM I1aroM. J[Jisl HEro HETPYTHO 3aMETHTh
HaJIM4Me HU3KOYAaCTOTHOTO TPEHAA, KOTOPBI MOXKET OBITh CBSI3aH C IOOOYHBIMH
s deKTaMu TEXHOJIOTHHA PEKOHCTPYKIUH MaJICOMArHUTHOTO HAKJIOHEHUS. DTOT TPEHI
ObUT yJajJeH MOJMHOMOM 3-T0 mopsiaka (Tojcras crutomHas juHus Ha puc.l.3(a)).
JanpHennemMy HM3y4eHMIO IIOJICKAT OTKIOHEHUS psAla YCPEIHEHHBIX 3HAYEHUU C
mrarom 0.5 or o0Imero mMOJTMHOMHATBHOTO TpPeHJAa — WX Trpaduk u300pakeH Ha
puc.1.3(6). B ganpHeiimemM MbI K HEMY €I1ie BEPHEMCS.

Hapsiny ¢ saepHbIM CriaKMBaHHEM MOXET OBITh HCIOJIb30BAHO JIOKAJIHHO-
NOJMHOMHAIILHOE. 37€Ch Mbl BPEMEHHO OTKa)KEMCsI OT 00s3aTE€IbHOTO HCIIOIBb30BAHMS
BPEMEHH B Ka4eCTBE apryMeHTa M PACCMOTPHM IOCIIEA0BATEIILHOCTD Map HaOII0IeHHUHA

ciyyaiinbix Besmaud { X ,Y;; j=1...,N }, Mes1y KOTOpBIMH CYIIECTBYET HENMMHEHHAS

3aBUCUMOCTD, OCJIOKHCHHAA IITYMOM, 3aBUCAIINM OT 3HAYCHHUA apryMCHTaA X

Y = £(X)+e(X) (1.2.4)
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B dopmyne (1.2.4) f(X) — wucxkomas perepmuHupoBaHHas QyHKums; &£(X)
SIBIISICTCSL CIIy4allHOM BEIMYMHON C HYyJIEBBIM cpenHuM, He 3aBucsmei ot f(X),

napaMeTpsl MJIOTHOCTH PACIPEICIICHUST KOTOPOH 3aBHCAT OT 3HAYCHHS apryMeHra X .

Hampumep, &(X) MoxeT ObITh I'ayCCOBCKOIH BEIMYMHOW C HYJIEBBIM CPEIHHM H C
nucrepcuei, 3apucsiieir or X . 3uauenust £(X) I pa3IudHbIX 3HAUYeHUH X Oymem

cuMTaTh He3aBUCUMBbIMU. [IpoGiieMa perpecCHOHHOrO aHajau3a COCTOUT B TOM, YTOOBI

onpenenuth ¢ynkiuoo f(X), 3HaHHE KOTOPOHl BCKpbIBaeT (DU3MYCCKHE WM HHOM

IPUPOJIbI MEXaHU3MBI BIUSHUSA X — Y . 3aMETUM, YTO B TaKOW IIOCTAHOBKE KPUTEPUEM

npaBWIbHON moAronku 3aBucumoctu f(X) k HaOOpy NaHHBIX HE MOXKET CIIY)KUTh

MaJjloCTh JUCIIEPCUU OCTATKA & — BO-IIEPBBIX, IOTOMY YTO 3Ta JUCIEPCUS HEOAHOPOIHA
(3aBucur or X ), a BO-BTOPBIX, €CIM aMIUIUTyJa IIyMa BEJHKa, TO CTPEMJICHHE
NOOUTHCS MaJIOW TUCTIEPCHU OCTAaTKa MPUBEAET K alaNTallii PErPeCCHOHHON (PYHKIUU

f(X) k mymy, a He K CKPBITBIM MexaHu3MaMm cBs3u X — Y . JlONMOJHHUTENbHYIO
CJIO’KHOCTh BHOCHT OTCYTCTBHE anpruopHOi uH(opmMaruu o Buae pyukuuu f(X).

OnHUM M3 BO3MOXKHBIX IMyTEHl perieHust nmpoOsieMbl MOXKET OBITh HCIIOJIb30BaHHE

JoKanbHO-TIoNIMHOMHUanbHo perpeccun  (Hardle, 1989). Ilyete X, - 3HaueHme
apryMeHTa, IJIsi KOTOPOro MblI XOTHM olLeHuTh 3Hauenue f(X,). BBemem mapamerp

AJIropuTMa CriiaxXuBaHusd — paauyc M OKHa YCPCAHCHUA JIA 4YHCiia OmmKanmumx

coceiell paccmarpuBaeMoit Touku. bynem cunrars, uro mapet { X ;,Y; } ymopsnouenst

110 Bo3pacTaHuio X ;. PaccMOTpuM HaOIIH0IeHHA
{X.Y, 1 k <i<k; ky=max(@ k-m); k =min(N,k+m) (1.2.5)

[ToaroHMM METOJOM HAMMEHBIIHMX KBaapaToB K HaOmoaeHusM (1.2.5) monmHOM

3aJIAaHHOTO MOPAAKAa P W 3Ha4YEeHHWE HTOrO MOJIMHOMA B TOUke X, BO3BMEM B KauecTBe
ouenku BennunHbl f (X, ). OueBuanHo, uro MuOXecTBO (1.2.5) mpexacraBisercs coboit
CBOETO POJIa OKPECTHOCTb TOUKU X, .

Teneps Bo3HMKaeT mpobiema BHIOOpa ONTUMAIIBHOTO MOPSAAKA MOJMHOMA. Pentm
€e C IOMOIIBI0 MPOLEAYPHl CKOJB3SIIETO KOHTPOJIS, KOTOPHIA B aHIJIOS3BIYHOM
nauteparype HaswiBaercs “jack-knife” (Efron, Tibshirani, 1986; Hardle, 1989). Jlns

3TOr0 3aJaJUM MAaKCHMAaJlbHO BO3MOXKHBIA MOPSJIOK IOJMHOMA P, W IS KaKIOH

TOukH X, HaiileM onTuManbHbIN mopamnok mist 0< p< p... . U3 okpectHoctr (1.2.5)
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Oy/ieM MocJeI0BaTeIbHO YAAIAThH 10 OJHON TOYKE (C MOCICAYIONIMM BO3BPALICHUEM),
10 OCTABIIUMCS TOYKaM OKpecTHOCTH (1.2.5) MOArOHSTH MOJIMHOM TEKYILEro MPOOHOTOo

nmopsaxKa P M BBIYMCIITH KBaApaT pa3HOCTH MEXIAY 3HAYCHHUEM OTOr0 IIOJIMHOMA B

BBIKOJIOTOH TOUYKe M 3HaueHHeM HaOmoneHus Y . IIpocymmupoBaB KBaapaThl TaKuX

pasHocTel 1Mo BceM To4ykaM u3 MHOKecTBa (1.2.5), momy4yrM HEKOTOPYIO 3aBUCUMOCTh

S°(p) oT mpobHOro MopsnKa MoaMHOMA. Jlanee BEIGEpPEM ONTUMATBHBIN TTONTHHOM JUIS
0<p<P,,, COOTBETCTBYIOUMI TOPAAKY, JUIA KOTOpPOro 3HaueHue O (p)

MHWHHUMAJIBHO. HapaMeTpaMI/I Opouecayphl CrIaXUBaHUA  ABJIAIOTCA pagdyc M

OKPECTHOCTH CIII@XKUBAaHUSI ¥ MaKCUMAJIbHO BO3MOXKHBIM TOPSIOK P, . [loBTOpHB
ONMCAaHHYIO BBIIE Tpoueaypy Bbruaumcienus omnenku f(X,) mma Beex k=1,..,N,

MOJIyYUM CIJIQXKEHHYIO KPUBYIO.

MITH. WTYK

30000
Puc.1.4. 3aBHUCHMOCTH YHMCIEHHOCTH

. MOTOJIOBBSL CENBJIA OT HEPECTOBBIX
o 3amacoB  (TOYKHM) H©  JIOKAJIBHO-
[MOJIMHOMHUAJIbHAS KPHUBas PErpecCHH
(crutomrHast NTUHMSA), TONyYEHHAs B
CKOJIB3SIIIIEM OKHE IO OKPECTHOCTHU
pamuyca 30 Ommkadmmx coceneit c
BHIOOPOM  MOpSJIKa TMOJUHOMA B
nuarmasone ot 0 o 4.

20000

10000

0 L A gn il a* & -
bl I v I T I T I T [ I !
0 2000 4000 6000 8000 10000 12000
TbIC. TOHH

B kauecTBe nmpumepa pacCMOTPUM 3aBUCHMOCTb YHUCIEHHOCTH IOIYJISIMU CEIbAU
OT HepecToBbIX 3amacoB (manHeie mnpenoctaBineHbl  JL.B.KismropuneiM 13
Bcepoccuiickoro nHCTHTYTa phIO0OIOBCTBA U OkeaHorpaduu). Ha puc.1.4 u300paxkeHs
TOYKAMH MCXOJHBIC JaHHbBIC JJISI 3aBUCUMOCTH YMCIIa 3-JIETHUX MOTOMKOB (MJIH. IITYK)
OT HepecToBBIX 3amacoB (Teic. TOHH), N =86. CIUIONIHBIMUA JTUHUSAMH TPEICTABICHBI

CTrJIaXKCHHBIC KPUBBIC IJIA IIapaMETpoB M = 30, pmax =4, OTMeTI/IM, YTO CIJIaXXCHHBIC

KpHUBBIC COACPpKAT BbI6pOCI>I, AMIIIMTYyZla KOTOPBIX MHOI'O MCHBIIIC BapI/IaI_II/Iﬁ myma —

9TO CJIICACTBHEC 0OJIBIIIOTrO myma. Bo3moxHO AOIOJHHUTCIBHOC CIIa’)KUBAHUC YIKC 3TOI>1,
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CTJIQ)KEHHON KPHUBOHM, KOTOPOE MOXKHO TPOJIENaTh, HAPUMED, SIEPHBIM METOJIOM HIIH
BPYYHYIO, HCKJIFO4Yasi BHIOPOCHI.

I'maBHOE HOCTOMHCTBO CIIIQ)KEHHOH KpHBOH Ha puc.l.4 — BBIABICHHE CKPBITHIX
KPYITHOMACIITAaOHBIX OCOOCHHOCTEH MOBEACHUS M KPUTUYECKHX TOUEK 3aBUCHUMOCTH
X =Y, KOTOpblE COBEpUIEHHO HE BHIHBI HAa WCXOIHBIX JaHHBIX. [ JaBHas
0COOEHHOCTh — 3TO pa30MeHNEe HHTEPBajia 3HAYSHHI apryMeHTa X Ha 3 4aCTH TOYKaAMH
X =6000 u X =10000, mexmy KOTOpbIMU 3aBUCUMOCTh X — Y TMMOYTH JUHEWHA C
makcumymoM mipu X = 6000 .

[lonck ONTHMAaIBHOTO MOPSAKA JIOKAIBHOTO TIIOJIMHOMA, OYEBHIHO, SBISETCS
BECbMa TPYAOEMKOM oOIlepanyell U MOXKET OBbITh OIYyIIEH, €CIM HOPAJOK IOJIMHOMA
BBIOMPAETCSI TIOCTOSIHHBIM W3 KaKHX-THOO ampUOpHBIX cooOpaxenuit. Kpome Toro,
JIOKAJIbHO-TIOJIMHOMUAJIbHOE CTJIKMBAHNE, KOHEYHO, MOXKET ObITh IPUMEHEHO B ClTyyae

aBHOMEPHOH CETKHU 3HAUCHUH X , HAaIIpUMCEp, AJIA OOBIYHBIX BPEMEHHBIX SA10B.
k

1.3. CneKTpBbI M CIEKTPAIbHO-BPeMeHHbIE THATPAMMBI.

OrleHKa CIEKTpa MOIIHOCTH BPEMEHHOTO psijfia B HACTOSIIEEe BPEMS SIBISICTCS
HACTOJIBKO PYTHHHOM OIepaliei, 4To BBIICICHHUE 3TOTO BOIPOCA B BUAE OTACIBHOTO
naparpada MOXeT MOKa3aThCsl M3IUIIHUM. TeM He MeHee, MOCKOJIbKY B JajbHeHIeM
HCOAHOKpPATHO 6YZIYT HCIIOJIB30BAThCA KaK CTAaTHUYCCKUC OLUCHKH CIICKTPOB MOIIHOCTHU
(To ecThb mMoOJyYeHHBIC MO BCEH BHIOOPKE B BHUJIC 3aBUCHMOCTH JIMIIb OT YaCTOThI HJIH
NepHo/Ia), TaK U YaCTOTHO-BPEMEHHBIC JUArpaMMbl 3BOJIIOIMH CIIEKTPOB MOIIHOCTH, B
»TOM maparpade KpaTko OyAyT OMHUCaHbI UCIIOJIb3YEMbIE METO/IBI.

I[Hf:[ OLCHKU CIICKTpa MOIIHOCTU CKAJIAPHOI0 BPEMCHHOI'O psaa B [[aJII)HCf/'IHICM
OyJeT HCIOBb30BaThCS IapaMeTphuecKkas aBToperpeccronHast oreHka (Kanasewich,

1981; Marple, 1987). Ilycts X(t) — cranuoHapHBI B IIUPOKOM CMBICIE€ BPEMEHHOMN

psin. Mogaens aBtoperpeccun mopsiaka P >0 (AR(p)-momens) mpeactaBiseT coOO#

ypaBHEHHE:
p
x(t)+ZakX(t—k) =¢(t)+d (1.3.1)
k=1
rae a, — koadoumumeHtsl aBroperpeccun (mapamerpsl monenu), d — mapamerp

cTaTHueckoro cmemenns, &(t)— Gemblii IyM ¢ HyIeBEIM CPEHHM U AucTepcueii o .

Amnanorunyno gopmynam (1.1.4, 1.1.5) BBenem (p +1) -MepHBIE BEKTOPBHI:
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Y (1) = (-X(t=1),...~x(t - P),)", c=(a,..a,d) (1.3.2)

u 3anumiem (1.3.1) B kommaktHO# hopme, ananornyno (1.1.6):
X(t) =c'Y (t) +&(t) (1.3.3)

[Mycth mmeercss koHeunass BbiOopka {X(t),t=1,..,N}. Torma omeHka BekTOpa

N
napaMeTpoB C M3 YCJIOBHUS MUHUMYMa CyMMBI KBaJpaTOB OCTAaTKOB z g*(t) = min
t=p+1

CBOJUTCS K PEUICHHIO CHCTEMbl HOPMAaIbHBIX YPaBHCHUH C CHMMETPUYHON
HIOJIOKHUTEIILHO ONPEACICHHON MaTpuieii A
N N
Ac=R, A=) YO)Y'(t), R=D xt)Y(t) (1.3.4)
t=p+1 t=p+1
Pemenne ypaBuenmii (1.3.4) aBTOMaTHYeCKH  YAOBICTBOPSET  YCIIOBHUIO
P
ycroitunBoctd  AR(p)-mozmenu: Bce KOopHH mojmHOMa AP +Zak/1p"k 00 MOJIYJIIO
k=1
crporo menbine 1 (Box, Jenkins, 1970; Marple, 1987). Oanako npu GONBIIMX MOPSIIKAX

p pemenue cuctemsl (1.3.4) cTaHOBUTCS TOCTATOYHO TPYIOEMKHUM, OCOOCHHO €CITH €T0

HaaAoO pemaTrb MHOI'OKPATHO. HOBTOMy OOBIYHO nmpeamnojiarator CTaquOHAPHOCTD

BBIOOpKH, OT mapamerpa O OCBOOOXKITAIOTCS TEM, 4YTO BBIYMTAIOT M3 3HAYCHUM

BBIOOPOYHYIO OLICHKY CPEJHErO, a DJIEMEHTHI &; Marpuibl A pasMepoM Terepb yxe
PX P 3aMCHSIOT HAa 3HAYCHUS ) ;, [AC }; — BBIOOPOYHBIC OLECHKH KOBAPHALMOHHOW

nocienoarenboctd M{X(t)x(t+k)}, M{...} — 3Hak maTemaTHueckoro oxuaanus. B

9TOM ciliyyae MaTpuiia A CTaHOBUTCS TEIUTMICBON (CUMMETPUYHOW HEOTPHIIATEIHLHO
OnpeneneHHoﬁ " 110 BCEM aAuaroHajisAM CTOAT OOAMHAKOBBLIC BHGMCHTLI), JJIA 06pameHI/1;1
KOTOpPOM  CyIIEeCTBYeT OBICTPBIM  WTepanmoHHBIA Meron [lapOuna-JleBuHCcoHa
(Kanasewich, 1981; Marple, 1987), mnpu KOTOPOM TMOpPSAAOK aBTOPErPECCHU
MOCNe0BaTeIbHO yBeIHuMBaeTcs OT 1-ro 10 uckoMoro Ha eaunuily. llomyuenHas
TakuM oOpa3om oreHka mnapameTpoB AR(p)-mMomenu wu3BecTHa kak orjeHka FOia-
Yonkepa. OgHaKko 3Ta OICHKA JOBOJIBHO YacTO TEPSIET YCTOMYUBOCTH TPU BBITIOJTHEHUT
utepanuii  JlapOuna-JIeBuHCOHa, OCOOCHHO €ClIM TeIUIMIeBa Marpuiia A uMeer
JUaroHalld, Ha KOTOPBIX CTOST 3HAYCHHUs, ONM3KKE K 3HAUCHUSM Ha TJIaBHOM JMaroHaau
MaTpUulbl (HpI/I HaJIMYUU CUJIBHBIX MOHOXPOMATUYCCKUX KOMIIOHCHT B CI/IFHaJ'IC).

B 1969 romy Byprom Obuia mpemiokeHa monudukanus meroxa HOma-Yonkepa,

coCTofIas TO-TIPEXHEMY B HCIHOJb30BaHUM wurepanuid JlapOuna-JIeBuHCcOHa B
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MMOCJICAOBATCIIbHOM YBCIMYCHHUU IHOpsAAKAa aBTOPCTPCCCUMH. OILHaKO Ha 3TOT pas3 Ipu

KaKJOM YBEJIMYEHUHU MopsAaka P—1—> p 3Tu urepanuuu UCHOJIb3YIOTCS JMILb JUIS

M3MEHEHUs «CTapbix» KkoodduumentoB a;, j=1,..,(p—-1), a Kammpli «HOBBII»
ko>ppuument a, (crapmmii ko>ppunment monenn AR(P), M3BECTHBIA TaKkKe Kak

KO3 GUIMEHT OTPaKEHHS»), HAXOAWTCSA W3 YCIOBHS MHHHMYMa CyMMBI KBaJpaTOB
omOOK MPOrHO3a Ha Iar Brepes U Hazan B cuity AR(pP)-moaenu. OTHOBPEMEHHO IS

KaKI0ro TEKYILICTO IopssAKa MOJACIN aBTOPEIrpeCCUU, YBCINYNBAKOLICTOCA OT 1 ao p,

HAXOJUTCS OINEHKA JMCIEPCHH O~ . DTOT METOM, KOTOPHIA MOAPOOHO H3JIOKEH B
(Marple, 1987), okasacst HCKIIOYUTENBHO 3GGEKTUBHBIM U YCTOWYHUBBIM — HMEHHO OH
u OyJIeT WCIOJb30BaThCsA B JajbHeWIneM s uiaeHTudukanuu mapamerpoB AR(p)-
MOJIEIIEH.

ITocne onpenencuus 3HadeHuid mapamerpoB Mmojenu (1.3.1) oHm MoOryt OBITH
WCTIOJNB30BaHbl ISl TIOCTPOCHUS MMApaMETPUYECKON OIEHKH CIHEKTpa MOITHOCTH

BPEMECHHOTI'O psijia.

2
(o2

P
27 |1+ ) ae™™ [

k=1

Sy (w) =

(1.3.5)

KoTopast ciaexyer u3 mpexacrasienust Kpamepa (Brillinger, 1975) mns crammonaproii
CITy9aiftHOH mocienoBaTeibHOCTH, 0 < @ < 7 — YacTora.

[MepBuunbiM napamerpom mozenu (1.3.1) siBisieTcs MOPSIOK aBTOPErpeccuu P .

HecmoTps Ha MHOTOYMCIIEHHBIE MOMBITKU AaTh (OPMAJIbHBIN KPUTEPHH OINpeeIeHus

ONITMMAJIBHOI'O IIOpsAJKa P, 3Ta 3ajJaya TaK W Halljla OKOHYATCIIBHOI'O PEUICHHUA, a

npejyaraeMble METOJbl HE BBIXOASAT 3a paMKu smnupudeckux npasui. [lopsmox AR-
MOJIETM  MEHseTCs JUIsl OJHUX M TeX JK€ JaHHBIX B 3aBUCHMOCTH OT LeJei
ucnonb3oBanus (Kashyap, Rao, 1976). [lis nmporuosa Ha OAWH HIIM HECKOJBKO IIaroB
BIIEpE]I MOPSIIOK 00BIYHO HeOoMbIoN U peako nocturaeT 10. Ecnu ke nenpro sBnsieTcs
NOJTy4eHHE MapaMeTpU4YecKoi crekTpanbHoM oueHkH (1.3.5), To mopsgok P umeeT
cmbicn Opatk 3HaunTenbHbIM: P = N/10+N/4. [Ipu 3TOM HamO MMETHh B BHIY, YTO
yeM OoJIblIIe MOPSA0K, TEM YyBCTBUTENbHEE OIICHKA, HO, OJHOBPEMEHHO, TeM OHa Oolee
HEYCTONYMBA U COJIEPIKUT OOJIBINE CTATHCTUYECKUX (PITyKTyaIIuid.

[Iyctp umcno orcueroB N  BpeMEHHOTO psiia JOCTaTOYHO BEIMKO M  €ro
CHEKTpPAJIbHBIE CBOWCTBA MEIUIGHHO MEHSIOTCS €O BpeMeHeM. Torga MOXKHO

paccMOTpPETh 3aga4y OLCHKHU 5BOJJIONUHN CIICKTPAa MOIIHOCTHU B CKOJIB3AIIEM BPEMCHHOM
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okHe HekoTopo# anuHbl L < N co B3aumHbIM cmemenueM AL 3nauenuit. [lycts 7 —
BPEMEHHAasi KOOpAMHATa MPAaBOT0 KOHIA TEKYIIEro BPEMEHHOTro OKHa. OueHuM s
orcuetoB 7—L+1<t<7 wmomenr AR(P) ¥ BBIYHMCIMM OIICHKY CICKTpa MOIIHOCTH
(1.3.5). B aToM citydae ee MOXHO 3arucarh B BHJIC, IO JUEPKUBAIOIIEM 3aBUCUMOCTD OT

nonoxxeHust U JuuHBl okHA: S, =S, (@,7|L). C yuerom paspemieHHs IO YacToTe

Aw=27/L Ha BbIOOpKe mnmHONH L otcuero, ¢opmyny (1.3.5) ummeer cmbica

IPUMEHSTh IS 3HAYCHUH 9acTOT @) = 2z jlL, j=1,..,(L-1)/2.
[Toctpoenune nByMepHBIX KapT win penbedoB S, (@, 7| L) Ha miockocTr «yacToTa-

BpeMs» (@,7) B PYCCKOSI3BIYHOM JHMTEpaType TPaJUIHOHHO HMeeT abOpeBHaTypy

CBAH (cmektpanbHo-BpeMeHHOW aHaiu3). OOBIMHO It ATOM IEH HUCIOJIb3yeTCsl
JTUCKpeTHOEe mpeoOpa3oBanue Pyppe OT BBHIOOPKM B TEKYLIEM BpPEMEHHOM OKHE,
BBIUHCIICHHE TIEPUOJIOTPAMMBI M €€ YCpPEeIHEHHUE M0 YacTOTaM TeM I MHBIM CIIOCOO0M
JUISL YMEHbILIEHUSI JUcTiepcuu OleHKH. OmbIT TMOKa3bIBaeT, 4TO HCIoNb3oBaHue AR-
MoOJIeTu JaeT Ooyiee YCTOWYWBBIC pe3yibTaThl. Kpome TOro, mpu HCHOIB30BAaHUU
omenku (1.3.5) orcyrctByroT mobOounbie 3GGEKTH, CBS3aHHBIE C MHKIAYHOCTHIO
JMCKpEeTHOrO mpeoOpasoBanust PDypre oT koneuHoi BeiOOpku (Brillinger, 1975;
Kanasewich, 1981).

B kadectBe mpuMepa NPHUMEHEHHUS CIIEKTPAIBHOTO M CIEKTPaIbHO-BPEMEHHOTO
aHaJaM3a pPacCMOTPUM BpPEMEHHOW psAJ PEKOHCTPYKIMHM 3UMHUX TEMIEPATyp B
I'pennananu, rpaduk Koroporo m3o0paxkeHn Ha puc.l.2. Ha puc.1.5 nmpuBeneH rpadux
OIICHKM CHEKTpa MOIIHOCTH psiAa MO BCe BBIOOPKE C HCMHOJIB30BAHUEM MOJAETH
AR(150) npu o6meit mmne psga 1421 orcyer. [tk HanboIee BBICOKMX CIEKTPAIbHBIX
MUKa IIOMEYCHBI 3HAYCHHUSMH TICPHUOJIOB, Ha KOTOPBIX peaTu3yeTcs JIOKAIbHBIC
MaKCHUMYyMBbl. OTHU TEPUOJAbl OTPaKalOT OMNPEICIICHHbIE KINMAaTUYECKUE LMKIbI, W3
KOTOPBIX HAMOOJIBIINI HHTEPEC MPEACTABIAIOT HU3KOYACTOTHBIE ¢ iepuogamu 54 u 205
JIeT.

Ha puc.1.6 mpencraBieHa YacTOTHO-BPEMEHHAsl JuarpaMma  SBOJIIOIHH
JECATUYHOTO JorapudMa CreKTpa MOITHOCTH B CKOJIB3sIeM okHe amuHoi L =500 et
¢ B3auMmHbIM cmemeHrneM AL =10 ner ans mepuonoB cBeime 20 neT. B kaxaom okHe
crpounack AR(50)-orienka. U3 Hee BuaHO, uTo 200-71€THUIT MUK CYIIECTBOBAJ JIUIIIb 10
1350 roma. Jlaymee 3TOT UK CTaJI BOJIIOIIMOHUPOBATH B CTOPOHY 00Jiee BBICOKHUX YaCTOT
u B uaTepBasie 1250-1750 rr. on cmmics ¢ 25-30-meTHuM rpeOHEM aWarpaMMbl U
chopmMupoBall CHEKTPaIbHBIM MUK MpUMepHO ¢ rnepuogamu 50-60 mer, mpuyeM ero

MHTEHCUBHOCTh IIOCTOSIHHO BO3pacTaja K KOHIly HHTEpBajla pPEKOHCTPYKLUH.
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Ilocnenunii BBIBOJ HAXOIMUTCS B XOpPOLIEM COOTBETCTBUU C PAHEE HANJCHHBIM

neprojoM 64 rojma BapuanMii IIOOATEHON TeMIepaTypHOW aHOMAJIMH, XapaKTEPHBIM

aust uatepBana 1861-2000 rr. (puc.1.1).

Yen .eq,.

12

08 1

08

04 +

0.2 4

12.8

54

205

YacrtoTa, 1/rog

10

0.03

- e
1100

100 1000
Mepuop, roabl

1200 1300 1400 1500

Puc.1.5. Onenka criekTpa MOIIHOCTH
BPEMEHHOTO Psi/ia PEKOHCTPYKIIMH 3UMHHX
Temreparyp B [ peHIIaHINH 10 aHATIH3Y
nenoBbix kepHoB (553-1973 rr., puc.1.2),
mozenb AR(150).

Puc.1.6. DBoironus 1eCATHIHOIO
joraprdma OIEHKH CIIEKTPa MOIITHOCTH
BPEMEHHOTO Psijia PEKOHCTPYKIIMH 3UMHHX
Temreparyp B ['peHIaHIUH O aHATTH3Y
JICTOBBIX KepHOB B CKOJIB34IIIEM BpeMeHHOM
okue mnunoi 500 met, co cmemmenunem 10
aet, mozenb AR(50).

1600 1700 1800 1900
loapl, npaBbiif KOHeL ckonb3Awero okHa annHon 500 net

1.4. HenpepbIBHbIE BeliBJ1eT-1MATPAMMBI.

Mertomnueckum HemoctaTkoM CBAH sBnsgercs mcrmosip3oBaHue OKHA. Ecin OKHO

CJIMIIKOM BE€JIMKO, TO YaCTOTHO-BPEMCHHAasA JUarpamma HecrnocoOHa pearupoBaTtb Ha

6LICTpLIe U3MCHCHUA CIICKTPAJIBHOTO COCTaABa W HaA HAJIWYUC KOPOTKOXUBYIIHUX

CHUI'HAJIOB — BCIIJICCKOB. I[JI?[ JOCTHIXXCHUA 3TOM jagsanese HCO6XOI[I/IMO YMCHBIINUTL JJIMHY

L. Ho ciumikoM manas AJIMHA OKHA MPUBOJAUT K YBCIIMYCHUIO YHUCTO CTATUCTUUYCCKHUX

¢danykTyanuil Tekymux ouneHok crnekrpoB U CBAH-nmarpamma CTaHOBUTCS CIHIIKOM

3aIJ_IYMJ'ICHHOI7I n MaHOHH(bOpMaTHBHOﬁ. HCO6XOI[I/IMO HaxoJUuTb KOMIIPOMHUCC MCIKIY

YCTOHYMBOCTBIO U UyBCTBUTEIBHOCTHIO U AIMITUPHUECKHU TIepeduparh AuHbl L, mpraem
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JJId  KaXa0ro 3HadYCHHUuA AJIMHBI Hado CJICIHTD, YTOOBI I/ICHOJ'[I)?,yeMblﬁ MMOPAA0K

aBTOperpeccur P ObUT CBOM (YMEHBIIAJCS M YBEIMYHBAJICSA MPOMOPIHUOHAIBHO L ).

[Ipu u3MeHeHHH UTMHBI L OJHOBPEMEHHO MEHSCTCS W MAKCHMAJIbHO TOMYCTHMBIA K
PacCMOTPEHHIO TTEPHO/I.

HenpepsiBabie BeiiBneT-npeodpasoanus (Daubechies, 1992; Chui, 1992; Mallat,
1998) npu3BaHbl yCTpaHWTh 3TH HEAOCTATKH H, KPOME TOTO, JIaTh BO3MOKHOCTH

0TOOpa3uTh Ha OJHOI Juarpamme cpasy Bce MHTepecymomme nepuossl. [lycts y(t) -

HEeKoTopasi ObICTpOyObIBatomas (yHKIHs, YAOBICTBOPSIONIAs YCIOBUIO JOIYCTUMOCTH:
jw(t) dt=0 u ycaoBHIO HOPMHPOBKH: jlw(t) |” dt =1. HemnpepsIBHEIM BeliBieT-

npeo6pa30BaHHeM CHUI'Hajia X(S) Ha3bIBACTCA BCJIIMYMHA, 3aBUCAIIAA OT OBYX

napametpos (t,a),a>0:

+00

Wx(t,a) =% | x(s)-y/(%) ds = JET X(t+av) -y (v) dv (1.4.1)

3nech t - MmoMeHT BpemenH, a >0 - mapamerp maciirada, KOTOPbIH Aanee 4acTo OyaemM
Ha3bIBaTh 0O0Jice TPUBBIYHBIM TEPMUHOM «mepuon». Bemuuuna (1.4.1) ortpaxkaer
MOBEJICHUE HCCIEIyeMOr0 CHUTHajla B OKPECTHOCTH TOYKM [ ¢ XapakTepHBIM
MacmrtaboMm Bapuauuid a. Jlng curHama ¢ JUCKPETHBIM BPEMEHEM BBIYHCICHUE
BenmunH (1.4.1) moxer ObITh 3(P(PEKTUBHO peaTM30BaHO C IMOMOIIBID OBICTPOTO
npeoOpaszoBanus Dypre. Hareil HemocpeCTBEHHON IICNIBIO SBIISETCS MOCTPOCHUE 2-
MEpHOM KapThl 3HaueHHi wmoxyias Benmumuwmubl (1.4.1): |Wx(t,a)|, xortopas maeT
HAIJSIIHOE TPEACTaBICHUE O JWHAMHKE BO3HUKHOBEHHS, SBOJIIOLMU M MCUYE3HOBEHHS
«XapaKTEePHBIX IEPHOJOB» KOPOTKOXHMBYIIMX BCIUIECKOB HCCIIEIYEMOr0 CHTHaJA.

EcrectBenno, uto Benuunna (1.4.1) cribHO 3aBUCUT OT BhIOOpa dyHKImu ¥ (t) . Beioop
Tol win wHOW QyHKimu () ompenensiercss TeM, KaKoro BHIa KOPOTKOXKHBYIIHE

CUTHAJIBI MBI XOTUM H3y4YaTh.

CrnenyeT mOgYepKHYTh, UTO AJsi KOHEYHON BHIOOPKH M JIJIs JAHHOTO MaciiTtaba a
Ha KOHIIAX BPEMEHHOTO MHTEPBaia CyIIECTBYIOT KMEPTBBIC» OTPE3KU BPEMCHH, TaKue,
YTO JJI1 MOMEHTOB BpEMEHH 1, MpuHAAIeKAIIUX 3TUM OTPE3KaM, «HE XBaTaCT» JaHHBIX
aubo cieBa, b0 crnpaBa ot Touku t s Berumciaenus (1.4.1). Ilpu ucnonap3oBaHuU
obicTporo npeobpazoBanuss Dypbe CHUTHAI PACCMATPHUBAETCS Ha KOJIBIE U MOITOMY,
€CIId OH COJIEP’KUT CHJIBHBIM HU3KOYACTOTHBIM TPEHI, TO JUIsi MOMEHTOB BpeMeHH 1,

OIM3KUX K Hadyally W K KOHIY BBI60pKI/I, BO3HUKAIOT CHJIbHBIC BCINUICCKH 3HAYCHUM
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|Wx(t,a)|, koTOopsie MOTYT CHJIIBHO MACKHUpPOBAaTh «IIOJIC3HBIC» BapUAIlMU BEIUYHH
(1.4.1) BuyTtpu uHTepBaia. [lo3ToMy mepex BBIYMCICHHEM HEMPEPHIBHOIO BEHBIIET-
npeoOpa3oBaHUsl PEKOMEHIyEeTCSl N30aBIIATHCS OT HU3KOYACTOTHBIX TPEH/IOB U, KPOME
TOTO, IPYU UHTEPIPETAILIMA HEPEPHIBHBIX BEHBIIET-TUarpaMM BBOJHTH MONPABKU Ha TO,

uyro 3HauyeHus |WX(t,a)| s MOMeHTOB BpeMeHH U, ONM3KMX K Hayally M KOHILY

UHTEpBaJIa 3a/laHusl CUTHaJa, Ha CaMOM JieJle HE OTpPakaloT MCTUHHBIX CBOMCTB
curHana. Jlns pganmHOoro Macmraba @ JJMHA <MEPTBBIX» OTPE3KOB BPEMEHH,
IOPUMBIKAIOIUX K KOHIIAM BBIOOPKM OOBIYHO MPOIMOpIHOHAIbHA MacmTady. Jlns
UCIIOJIb3yEMBIX HUXKE BEUBJIETOB, CKOPOCTb 3aTyXaHHUsI KOTOPBIX 3a/1a€TCsl MHOXKHUTEIIEM
B BUJIE€ I'ayCCOBCKOM (DYyHKIMHM, 3Ty JUIMHY MOKHO ITOJIOKUTh paBHOH 3a .

OnHoit u3 Hambonee momy sipHbIx (yHKimid y(t) sBasercs T.H. BelBier Mopie

(Morlet) uam KOMIUIEKCHO3HAYHBINA «MOYJIMPOBAHHBIN rayCCHAH:

w(t) = exp(-t*/2—int) (1.4.2)
T

DTOT BeHBIIET HAWIYYIIMM 00pa30M MPUCIIOCOOIICH JUIS BBIACICHUS KOPOTKOKUBYIINX
FAPMOHUYECKUX BCIUIECKOB (IyroB) W 0O0JaaeT ONpEACICHHBIMH CBOWCTBAMH
ONTHMAJIBHOCTH B IOUCKE KOMIPOMHCCA MEXKAY YaCTOTHBIM M BPEMEHHBIM
paspeieHreM (BBIXOIMT Ha T.H. Te3eHOCProBCKUil ITpeed).

B kauecTBe mprMepa pacCMOTPUM BPEMEHHOH DS/ aJICOMAarHUTHBIX HAKJIOHEHHH
HOCJIe TIepexo/ia K paBHOMEPHOMY IIIary 110 BpEMEHHU M CHATHA OOIIero TpeHaa, rpaguk
KOTOporo u3oOpaxen Ha puc.1.3(0). Berumciaum uis HEro HENMPEPHIBHYIO BEHBIICT-
muarpammy |Wx(t,a)| mns BeiiBmera Mopne (1.4.2) u npu wmacmrabax a,
u3MeHstromuxcs ot 2-x g0 200-x 3HaueHWil MHTEpBajga JUCKpETH3aluH (B JaHHOM
ciydae 0.5 Teic. jer). [lpu 3TOM 3HaueHus a, A KoTtopbix Bbruucistorcs (1.4.1),
Bo3bMeM 100 mTyk ¢ paBHOMEpPHBIM IIaroM B JIOTapu(MHYECKOH IIKane, a Ha
JIMarpaMMe OTJIOKMM BMECTO MaciuTaba 3HAYeHHs €ro JAECATHYHOro Jorapudma.
PesynbraT 3THX OLIEHOK H300pakeH Ha puc.l.7. V3 Hee BUAHO, YTO BapUAIUH
MarHUTHOTO TIOJII B NPOLUIOM OBUIM JIOCTaTOYHO HECTAIIMOHAPHBI M MPEICTABISIOT
co00il «paccliOeHHYI0» IO MacmTabdaM CTPYKTypy BCIUIECKOB C XapaKTepHBIMH
BpeMeHamu 3, 8, 18 u 32 ThIC. JeT.

Jdpyrum nonyssipHbiM cemeiictBoM (yHkiwid y(t) sBISIOTCS T.H. TayCCOBCKHE

BEUBIIETHI, OIIPEACIIACMBIC KaK IPOU3BOAHBIC OT rayCCHaHa 3aJaHHOIO nmopsaka m !
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m

e =(-)"c H_(t)e™, m=1 (1.4.3)

d
t)=c
W () e

2.0
T 15-
5 1
a 1
_n -
_
=
Q_ -
@ _
C _
o 0.5j
0.0- T T T T T T T I I T I\ .I l 'I
20 40 60 80 100 120 140 160 180 200 220 240 260 9
Tbic. net

Puc.1.7. HenpepsiBHas BeHBIIeT-qHarpaMma abCOTIOTHBIX 3HAYECHHI TIPEoOpa3oBaHusI
Mopite It BpeMEHHOTO psjia TajJeOMarHUTHBIX HakinoHenuit (prc.1.3(0)).

20 1 1 1 1 1 | | 1 1 1 1 |
1 B0
B 157 50
3 ] 45
a1 ‘ 40
Ef 1.0—_ 35
3 - ' . a0

@ |

= ' 95
3’ 05—_ ' . ' | 0
il b AL O
0.0- ‘ |I: T T T 7 T T T T [ T T | T 0

20 40 60 80 100 120 140 160 180 200 220 2&0 260 5
Tbic. net

Puc.1.8. HenpepriBHas BeiiBneT-quarpaMma abCOMIOTHBIX 3HAUYSCHUH PeoOpa3oBaHusl ¢

HCIIOJIb30BaHUEM 2-0H MMPOM3BOIHOM OT TayCcCHaHa JJIsi BpeMEHHOTO psijia MalcOMarHUTHBIX
HakyoHenuit (prc.1.3(0)).

rac Cm — HOPMHUPOBOYHBIC KOHCTAHTHI, 06CCH6‘II/IBaIOH_[I/Ie CANHUYIHYIO KBAaAPATHYIHYIO

MHTerpanpHyto Hopmy misa y(t), H (t) — mommuomer Opmura, H,(t) =1 H,(t) =2t,

H..,t)=2tH_(t)-2mH,_,(t). 13 #Hux Hamboiee M3BECTHA «MEKCHKAHCKas IUISAIIa»
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w,(t). dns nanHoro mopsaka m ¢ynkiusa (1.4.3) obnagaer cBOWCTBOM OOHYJICHUS

IEPBBIX M MOMECHTOB.
[ty @®dt=0, k=0,..,(m-1) (1.4.4)

Ortcrona ciienyert, uto eciii X(S) — MOJIMHOM MOpsAKa HE BbiIe M—1 BKIIOYUTENBHO,
TO ero npeodpazosanue (1.4.1) Oyaer TOXXJECTBEHHO PaBHBIM HYJIIO.

®opwma BeiiBnera i, (t) opueHTHpOBaHA Ha BBIICICHUE CUMMETPUYHBIX BCIIECKOB

«KJIACCHYECKON» HeocHuuthpyromei Gopmbl. Beruncnum auarpammy |Wx(t,a)| ms

TOTO K€ TpUMepa psja MajJcoOMarHUTHBIX HakjIoHeHHH Ha puc.1.3(0), a1 KoTOpOro
TOJBKO YTO OIeHWIM auarpammy Mopie (puc.l.7). Ona npenacraBieHa Ha puc.l.8.
WuTepnperanus Takux auarpaMMm MEHee cojepiarelibHa, 4yem auarpamm Mopie, Tak
KaKk OHHM TPOCTO TMOAYEPKUBAIOT HAIUYME BCIUIECKOB pa3IUYHOTO MacmiTada,
BO3HHUKAIONIUX B PAa3HbIC MOMCHTBI BPEMCHH. Bonee COACpIKATC/IbHAad MHTCPIIPETAINA
HETIPEPHIBHBIX BeWBJeT-Auarpamm s cemeiictBa (1.4.3) maeTcs ¢ MOMOINBIO IEMCH

cKejeta MakCUMyMOB MosyJieit Benmmuuna |WX(t,a) |, 0 yem moiaer peds B ClIeayOmeM

naparpade.

1.5. CkeJsieTbl MAKCHMYMOB MOy 1eii HePepPbIBHBIX BelBJIeT-

npeodpa3oBaHMIA.

JIOBOJILHO 4YacTO BpPEMEHHbIE PsJIbl MOHUTOPUHIA HMEIOT «Cepoe» IOBEACHUE,
KOTOPOC TPYAHO OXApaKTCPHU30BATH HAJIUYHUCM 1100 KaKHUX-TO AMIUIMTY IHBIX WJIA
YaCTOTHBIX aHOMaJMH  («COOBITHII»), JHOO  PpEryaspHBIMH  MEPUOJHYCCKUMHU
cocTaBisAolMMH. JIJii  MOJOOHBIX CHUTHAJIOB XapaKTEPHO YBEJIUYEHHUE CIIEKTpa
MOIIHOCTH C YMEHBIIEHHUEM YacTOThl IO CTENIEHHOMY 3aKOHY M CaMOIIOJOOHBIA THII
MOBEJICHHUSI MPH PACCMOTPEHHM Ha PA3JIMYHBIX BpPEMEHHBIX Macmtabax. TpyaHOCTH
aHaJIn3a TaKUX BPCMCHHBLIX pPsAAOB COCTOUT B CJIIOKHOCTH q)opManmauI/m IIOHATHUA
BPEMEHHBIX TOYEK CMEHBI «MOJBI IMOBEICHHS» CHIHANA (KPUTHYECKHX TOYCK WIIU
pasianok). Jpyroi mpoOiieMoii sSBIISETCS HAXOXKICHUE CTAMOHAPHBIX TOYCK CUTHAIA,
COOTBCTCTBYHOIIINUX JJOKAJIbHBIM MHHHUMAJIBHBIM HWJIHN MAKCHMAJIbHBIM 3HAYCHUAM.
OquI/IZ[HO, YTO THUII ITOBECACHUA CUT'HAJIa 3aBUCUT OT BCJIIMYMHBI BPEMCHHOI'O MacmTa6a,
Ha KOTOPOM paccMaTpuBaeTcs MoBeAeHue. To ecTh, mepes aHalIu30M CUTHAN JOJDKEH
OBITH OMNpe/eTIeHHBIM 00pa3oM criaxeH (ycperaneH). OueBHIHO, YTO CBOWCTBa

CIIaKEHHOI'0 CHTHAjJa 3aBHCIAT OT Macirrada CriakKuBaHus. Haan/IMep, cCiin
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MPOU3BOIAMUTCS OOBIYHOE CITIAXHUBAHUE ITyTEM BBIYHCIICHUS apH()METHUCCKOTO CPEITHETO
B CKOJIB3SIIIIEM BPEMEHHOM OKHE, TO TAKUM MAcIITabOM SIBJIETCS PAUyC CKOJIb3SILIETO
BpeMeHHOro okHa. Jlamee MbI OyneM HCIOJIb30BaTh SIEPHOE CIIKHUBAHUE C
rayCCOBCKMM SIIPOM yCPEOHEHHUs. BpeMeHHbIE TOUYKH JIOKAIbHBIX MHHHMYMOB H
MaKCUMyMOB CIJI&KCHHOTO CHUTHAJA, a TAKXKE TOYKH JIOKATHHOTO MaKCHMyMa MOIYJIS
MPOW3BOJHONW OT CIUIAKCHHOTO CHTHAjIa 3aJal0T €CTeCTBEHHYIO (hparMeHTaInio
MOBE/ICHHsI UCXOTHOTO CHUTHANA JIJIsi pacCMaTpUBaeMoro Macimitaba BpemeHu. Hazosem
BBIICTICPEYNCIICHHBIE TOYKH MACHITaOHO-3aBUCHMBIMH JIKCTPEMAILHBIMH TOYKAMH
CHTHAJIA.

CrinaxeHHbII CHrHaJ 00azaeT OOJBIIMM YHUCIOM JKCTPEMAIbHBIX TOYEK IS
MaJlbIX MacIiTaboOB YCPEIHEHHs, HO ¢ POCTOM MaciiTada YuCiI0 TaKUX TOYEK OBICTPO
yMmeHbinaercsi. IIpM TMJIaBHOM yBEJIMYEHHH MacmTaba yCpPeTHEHHS BO3MOXHO
00beIMHEHNE IKCTPEMAIBHBIX TOYCK Pa3IMYHOTO THIA B IEMH OTIACIBHO IS TOYEK
MHHAMyMa HJIH MaKCHMyMa CIVIQ)KEHHOTO CHUTHala W Uil TOYEK MaKCHMaJbHBIX
3HAYEHHH MOIYJS TIEPBOM MPOM3BOAHOW, MPUYEM, OTACIBHO Ui OTPHLATEIbHBIX U
OT/AEIBHO ISl MOJIOKHUTENBHBIX MPOU3BOAHBIX. TakuM 00pa3oM, moiydarorcs 4 Tumna
IeTel SKCTPEMATIbHBIX TOYEK Ha IUIOCKOCTH «Maciitab-BpeMs». Boblias yacts 3THX
Herneil mpephiBacTCs C POCTOM MaciiTaba, HO HEKOTOpPhIE W3 HHUX «BBDKUBAKOT» H
JOCTUTAIOT 3HAYUTEIBHON JUIMHBI, BIUIOTH JO MAaKCHMAalIbHO JOMYyCTUMBIX K
paccMOTpeHHi0 MaciitaboB (MocienHee 3HAYCHHWE 3aBHCHT OT UIMHBI peak3aiud
CUTHAaJIa).

IMporexypa, Ka4eCTBEHHO M3JIOKCHHAS BBIIIC, M3BECTHA B HEMIPEPHIBHOM BEHBIICT-
aHaM3e KakK BbIIEICHHE TOYEK CKelieTa BelBieT-npeobpasosanuii (WTMM — wavelet
transform modulus maxima) (Mallat, 1998). Touku ckeneTa UCIOIB3YIOTCS B aHAIN3E
00pa3oB (I BBIACIEHHUS TPaHUI] W (hopMaTU3alud MOHATHS (OHOBOW CTPYKTYPHI)
(Hummel, Moniot.,, 1989; Mallat, 1998). B wuccnemoBanuu TypOyJIECHTHOCTH
MIPOU3BOAUTCS aHAIN3 MyJIbTHGpakTaabHOTO criektpa WTMM-Touek, 00beIMHEHHBIX B
IIeNH, TPU CTPEMIJICHHH MaciTada K Hyo (T.H. criektp cunrymspaocta) (Muzy et al.,
1994; Mallat, 1998).

B To e Bpems WHIMBHAyadbHBIE OCOOCHHOCTH TIOBCICHUS CHUTHAA, €ro
«OTIEYATOK Tajblla», ONMPEACISIOTCS MMEHHO JUIMHHBIMHU IEMsMH cKeneTa. [loatomy
HIDKE aKIEeHT OyaeT clellaH Ha aHajdu3e JJIMHHBIX Ierneidl. MOMEHTBl BpEMEHH,
COOTBETCTBYIOIIHME HAYATy JUIMHHBIX [enel (1 MUHUMaIbHBIX 3HAYCHUH MaciTaboB,

NPUHSATBIX K PACCMOTPEHHIO) MbI OyJIeM pacCMaTpUBaTh Kak 0COOBbIC TOYKH MOBEIACHHS
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uccienyemoro curtana 1-ro tuna. Ko BTopoMy THIy 0COOBIX TOYEK MBI OTHECEM TOUKHU
COEIMHEHMS JUIMHHBIX LIETEN JIOKaJbHbIX MHUHMMYMOB MU MAaKCUMYyMOB YCPEIHEHHOTO
curana. M3 cooOpakeHHil HENMpephbIBHOCTU CIIaKEHHOTO CHUTHaja BBITEKAeT, 4TO
TaKue JUIMHHBIE HEMH MOTYT JH0O0 COEAUHUTCS ISl HEKOTOPOro JAOCTATOYHO OOJIBIIOTro
MmaciTaba b0 «yHTH Ha OECKOHEYHOCTh», UTO MPAKTHUECKU O3HAYAeT BHIXOJ IIETIH Ha
HEKOTOpPOE OrpaHWYEHHE IO BeIMYMHE MaciuTaba, BBITEKAOIIee M3 OrPaHUYECHHOM
JUIMHBl peanu3allii CcurHaiga. TOYKM COEAVMHEHUs MJIUHHBIX Lened JIOKaJbHbIX
MaKCUMyMOB M JIOKaJbHBIX MHMHMMYMOB CIJIQ)KEHHOTO CHTHaja HAa30BEM TOYKaMH
oudypkanuu. M3 cMpicia 3THX TOYEK CIEAYET, YTO B UX OKPECTHOCTH HCCIETyEMBIi
CUTHaja BeleT ce0sd MNpUMEpPHO KaKk KOHCTaHTa Ha BPEMEHHOM Macuitale,
COOTBETCTBYIOIIECH TOUKE COEAMHEHUS LETIEH.

[Tycte X(t) — aHamm3upyemslii curHan. MacmtaOHO-3aBUCHMOE  CIIIa)KHBaHHE

CHTHAJIa C IOMOIIIBIO HEKOTOPOTO sijipa ycpeanenus paeres popmydoii (1.2.1), kotopyro

HMXXE IEPEIIMIIEM B BUJIC.

X(t,a) :Tx(t+av).z//0(v) dv +oo%(v) dv (1.5.1)

rae a>0 —macmrad, a y,(t) sABIsIeTCS HEKOTOPOi OBICTpO-3aTyxXaromel GpyHkiuei. B

JanpHEHIeM MbI OyJeM HCIOIb30BaTh TayCCOBCKOE SIPO: w, (1) = exp(-t?).

Onpenenum sIpo HENPEPHIBHOTO BEUBIET-MPEOOPA30BAHMS:

v =0 S0 2 a0y (152)

Hcnone3ys Gpopmyiy HMHTETpUpPOBAHMS MO YaCTAM M CBOWCTBO OBICTPOrO 3aTyXaHHs

Gyskmn  y,(t), HETPyIHO NONYYHTH CIEAyOIIyl0 (GOpMyTy Ui HPOM3BOIHOM

3aJJaHHOTO Tmopsaka N ot crioaxeHHod ¢yakmuu (1.5.1), nenennoit Ha n!
(xoaddunment Teitnmopa):
1dxta)_ [ xt+av)-p,Wav /a" [ vy, (v)dv (15.3)
nl dt i

—00

c,(t,a)=

3ametum, uyro ¢opmymna (1.5.1) sBasercs wactHeiM ciydaem dopmynsl (1.5.3) ms
n=0.
Touka makcumyma Mmomyisi BeiBieT-npeodpasoBanus (WTMM-touka) (t,a) mis

n>1 ompexmensercs Kak TOYKa JIOKAIBHOTO MakcuMyma BeianuuH |C,(t,a)| mo

OTHOIIICHUIO K U3MEHEHUSIM BpeMeHHU t [uis 3amanHoro mMacmraba a. Yro ke kacaercs

n=0, to st 3Toro ciydas onpeaenum WTMM-Todku kKak IpOCTO TOYKHU JIOKATBHBIX
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SKCTPEeMyMOB (Kak MHHHMYMOB, TaK M MAaKCHMyMOB) CITIaKEHHOTO cHrHama C,(t,a).

WTMM-Touku MOTyT OBITH OOBEAMHEHBI B 1NN, & MHOXKECTBO BCEX IENEH M3 TaKUX
TOYEK 00pa3yIoT CKeJIeT HeMPEephIBHOIO BelBIeT-ipeodpazoBanus curnana. Ecim v (t)
SIBJISIETCS TAyCCOBCKHM SIIPOM YCPEIHEHHs], TO IeTIH CKeJleTa BeUBIeT-peoOpa3oBaHuit
SIBJISIFOTCS. HEMPEPBIBHBIMKM TMpH cTpemiieHnd Macmiraba a— 0 (Hummel, Moniot.,

1989; Mallat, 1998). WTMM-Toukn mis nepBoil mpousBogHoi C,(t,8) BBLACIAIOT

MOMCHTBI BPCMCHU MaKCHUMAaJIbHBIX MacIITabHO-3aBUCUMBIX TPCHAOB (KaK

TIOJIOXKHUTEIBHBIX, TAK U OTPULATEIbHBIX) CITIAKEHHOTO curHaia C,(t,a) i 3a1aHHOro

3HA4YCHHUA a.

ITycts curnan X(t) 3aman Ha uatepsaie Bpemenu t€[0,T]. Eciu MoMeHT BpeMeHH
t Onm3ok k Havany win KoHiy uHTepBana [0,T], To criaxusaromee npeodpazoBaHue
(1.5.3) ucmeIThIBaeT OTCYTCTBHME MH(pOpMalu o0 noBeaeHun curHana X(t) mma t<O0

wii st t>T . OOblYHO 3TO 3aTpyAHEHUE IMPEOA0JIEBACTCS IMYTEM PacCMOTPEHHUS

CHTHaJla Ha KOJIbIIC, BBIUUCISSI 3HaUeHUs curHaina BHe uHTepBana [0,T] mo mpaBuiy:
ecmm t<0, o X(t)=X(T+t) uw ecmm t>T, 10 X(t)=X(t-T). Dr0 MpoAOIKEHHE
CHTHaja JaeT BO3MOXKHOCTh BBIYHMCIATH mpeodOpasoBanue (1.5.3) mis Bcex MOMEHTOB

Bpemenu te[0,T] u sBIsETCS MOJIE3HBIM C TOYKH 3PEHHS HCIOJIB30BAHUS OBICTPOTO

npeobpaszoBanust Pypre s Berumciacuuii (1.5.3). Tem ne menee, 3nadenus (1.5.3)

SIBJISIFOTCS. MICKXKCHHBIMU Ha KoHIax uHTepBaia [0,T] u Gosee KOPPEKTHBIM MOIX010M

ABJIACTCA BBCIACHHUC HCKOTOPBIX MacIITabHO-3aBUCHMBIX «KMCPTBBIX HHTCPBAJIOB»,

NPUMBIKAIOIIUX K Havyaldy ¥ K KOHIly orpe3ka Bpemenu [0,T], Takux, 9T0 3HAYEHUS
BeiiBeT-npeodpaszoBanmii (1.5.3) MCKIIOUAIOTCSA M3 aHAIW3a JIJIsI MOMEHTOB BPEMEHH,
NPUHAIEKAIINX «MEPTBBIM HHTEpBajdaM». [l TyacCOBCKOTO sapa yCpeaHEHHS
v, (t) =0 mpu |t]|> 3. CiexoBaTensHO, MOYKHO BBECTH CIIEAYIOIIEE IIPABUIIO:

eciu 0<t<3a wm T-3a<t<T

(1.5.4)
mo C,(t,a) wuckmouaromes uz ananuza

W3 mpasuwia (1.5.4) crnemyer, 4TO MaKCMMaJIbHO BO3MOXKHOE 3Ha4eHHE Maciirada

a IPUTOHOE U aHalM3a, Ompenernsercs ycioBueM: &, =1 /6, mpudem s

max !
9TOro 3HaueHus mnpeodOpazoBanue (1.5.3) MoxkeT OBITh BBIYMCICHO JIMIIb B
enuHCTBeHHOW Touke t=T /2. [IlpaBele KOHIBI «MEPTBBIX HMHTECPBAJIOBY,

IIPUMBIKAKOIHUX K TOYKC t=0, a4 TaKKC JICBBIC KOHIBI 3JTUX HWHTCPBAJOB,
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npuMmblkaomux k t=T, o0pa3yloT KymnonooOpa3Hylo o00JacTb JOMYyCTHUMBIX K

paccMotpenuto Touek (t,a) Ha 2-mepHOU miockocTu 3Hayenui (t, 1g(a)) .

11 5 Mpaa.C
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10
g 4
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7_
6_
16 7 1g(a, rogpi) ©) - e~
- Ny~
JESAN o1 ‘| .
1.2 1 \ | -
/'fo \ 1 | \'\\
1 4 L ! |
A B \ ( | ®
0g ¥ | | | | [ \
if | 1 \ ) ) | 1| f !
T 2 5 1 A T " A U AN . B I Y I_f 1o _JuLlpn__
e / | 1 | nir | I LU | 1
77000 I T I O 2 O R A I N I t] | ]!
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16
(B) ’ Y
\\
’
\
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y | \ / |
) ) LY | g
0s - | | P! \ ! ! il
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Puc.1.9. (a) — rpadmk BpeMEHHOTO psijia CPEAHETOI0BBIX TeMiieparyp B LIeHTpanbHO# AHITHH,
1723-1970; (6) — AnMHHBIC LEMH JOKATBHBIX MUHUMYMOB (TOJICTBIC TyHKTHPHBIC INHUH) H
JIOKaJIbHBIX MAaKCHMYMOB (TOJICTBIE CIUIOIIHBIC JIMHUH) YCPEIHEHHOTO ISl JAHHBIX 3HAYCHHUH
JeCATHYHOTO Jorapudma maciiradba ycpeanenust a (roasr). [Tapamerp  =0.1,

TOPU30HTAIbHAS MyHKTUPHAS JIMHUS ONPE/CIISICT YPOBEHh MUHUMAIBHBIX MaCIITa00B,
OTMPEIENAIONINX JUTMHHBIC [IeH. BepXHue MyHKTUPHBIC JIMHUH 33]al0T KYMOJI000Pa3Hy 0
TpaHMIly MaKCHMaJIbHO IOITyCTUMBIX 3HaueHHi Maciradba u3 ycnosus (1.5.4). CuMBoIIbI-
KPY’KKH 0003HAYAIOT TOUYKK OM(YpKaIMK YCPEIHEHHOTO CUrHaja; (B) — [IUIMHHBIC LIETTH
JIOKAJIbHBIX MAKCHMYMOB a0COJIFOTHBIX 3HaYCHHI 1-0#1 MPOU3BOHON OT YCPEIHEHHOTO
curHana. ToncTeie MyHKTHPHBIE TMHUH — [IEMH TOYEK MaKCUMAaIIbHBIX OTPUIATEIBHBIX
TPECHOOB, TOJICTBIC CIUIOIIHBIC JIMHUU — ICIIK TOYEK MaKCUMAJIbHBIX MOJOKUTCIIbHBIX TPCHAOB
JUTSL TAHHBIX MACIITa00B yCPEAHCHUSI.
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JUisi BpeMEHHBIX PSIOB € IIaroM MO BpeMeHHM At MHHHMMAalbHBIM MaciuiTabom,
JOIMYCTUMBIM K paccMOTpeHuto, Oynem cuumrtare nepuon Haiiksucra a,, =2At.
BBenem kputepuii Toro, Kakas Lenb CKeJeTa HeNPEephIBHOTO BEUBIET-IIpeoOpa3oBaHus
CUMTAETCs JUIMHHON — €CJIM 3HAaYeHHUs1 MaciuTada BIOJIb STOH IeTH, HAYUHAIOIIEHCS TIPH
a=a IPEBOCXOAAT IOPOroBOe 3Ha4deHWs Macmraba a. =ya., =y(T/6), rue

min ?

Qin | oy = Vimin < 7 <1 — mapamerp Merona. Uem Ommke BenuuMHa mapamerpa y K 1,

min
TEM MEHbIIE YKMCIO0 «UIMHHBIX» Henei. [ns y =y, Bce Lenu GOpMalbHO SBISIOTCS
«JUTHHHBIMUY.

JITMHHBIC [N JIOKAJTBHBIX IKCTPEMYMOB (MUHUMYMOB U MaKCHMYMOB) 3HAUCHHIA
C,(t,a)=X(t,a) m MakcUMyMOB a0COJIOTHBIX 3HaueHHMH 1-oi mpomsBomHoil C(t,a)
NPECTABIISIIOT 0COOBIM MHTEpEC JJISl BBIICICHHUS TVIABHBIX XaPaKTEPUCTHK MOBEICHHUS
CHUTHAJIa, MOCKOJIBKY OHHU Jaf0T CBOCOOPA3HbIN «OTIEUATOK Majblia» BPEMEHHOTO Psjia.
PaccmarpuBasi nenmn MakcHMMyMOB MOAYJISl IepBoi mpousBojxHoi |C (t,a)| Mbr Oynem
pa3iMyath WX IO 3HAKY, TO €CTh, BBIACIATH OTACIBHO IIEMH MAaKCUMAaJIbHBIX
MacITaOHO-3aBUCUMBIX HeraTuBHbIX (C,(t,a) <0 ) u nosutuBHbIX (C,(t,a)>0) TpeHnos.
Ha puc.1.9 npencrasnenst anmuaasie WTMM-nenu ckenera Moaysie MakcuMmyma

HETPEPBIBHBIX BEHBIET-IpeoOpa3oBanmii npu ucroiab3oBanuu ¢yHkuuit (1.5.2) mis

BPEMEHHOI'O psJia CPEAHET0I0BBIX TemiiepaTyp B LlenTpansHoit Aurmuu 1723-1970 rr.

(http://www-personal.buseco.monash.edu.au/~hyndman/TSDL/). [TapameTp VISt
BbiienieHUs MIMHHBIX Hened y =0.1. C xIuMmaTuyeckoil TOYKU 3pEeHHUs OCHOBHOM
HHTCPEC MPCACTABIIAIOT KPUTHYCCKHUEC TOYKHM Ha4dal JJIMHHBIX HCHGfI IIO3UTHUBHBIX
(1742, 1758, 1772, 1786, 1800, 1817, 1831, 1845, 1856, 1862, 1892, 1910, 1919, 1932,
1943, 1957) u uerarususix (1739, 1751, 1763, 1782, 1795, 1812, 1828, 1836, 1853,
1869, 1878, 1885, 1900, 1915, 1939, 1950) kpynHOMAaCIITaAOHBIX TPEHIOB. DT TOYKU
ABJIIFOTCA CBOCTO poaa BPCMCHHBIMU percpamu Bapnaunﬁ KJIIuMara B

paccMaTprUBaeMOM PETHOHE.

1.6. OpToronanbHble BelBJIeT-Pa3Ji0KeHUs.
OpTOoroHaNbHBIH KpaTHO-pa3pelIalonuii aHanu3 (BEWBICT-Pa3IOKEHIE) CUTHAA

X(S) oT HempephIBHOrO aprymeHta S ompeaensercs dopmysoi (Daubechies, 1992;

Mallat, 1998):
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X(s) = > x(s), x(s)= Y b (@) (s-z@) , = .20 (1.6.1)

a=—x j=—o

3/1ech @ SBISIETCS HOMEPOM YPOBHS 0emanbHOCMU,

bl =@ (7)) = j X(s)y ' (s—7!)ds (1.6.2)

— BeiiBneT-kodpPUIMEHTHT HAa @ -OM YpPOBHE JETaJbHOCTH, COOTBETCTBYIOIHE
MOMEHTY BpPEMEHHU T}“), w'“(s) sBnAIOTCA GasHCHBEIMH (YHKIHAMH ¢ -OTO yPOBHS,
KOTOpPBIC MOJYYAOTCS MyTeM PACTSHKCHHS M MEPEHOCAa OCHOBHOM BEUBIET-(OYHKIMU
Y(s):

pOE)=(2) @), p s ) =(2) w2 s ) (1.6.3)
Oyukius W(S) KOHCTpyHpyeTcs: TaKMM 00pa3oM, YTOObI OHa ObLTa (PMHUTHOM, MMesa

€IMHUYHYI0 CPEIHEKBAJAPATUYHYI0O HOPMY U OECKOHEYHOE MHOXECTBO (DyHKITHIA

(@)
j

{l//("’)(s—rg‘”))}, — CIBUHYTBIX B TOYKH 7.”’ W pacTsIHYThbIX (WU cxaTbix) B 2% pa3
KOIIMI OCHOBHOH (pyHKIMH, 00pa30oBbIBaIM OBI opmonopmanvhuiil 6asuc B L, (—00,+0) .
Hanpumep, eciu:
W(s) =-1 gna se(0,4] (1.6.4)
+1 nna se(5,1] u HONb JUIA pouHX t,
torma ¢opmyna (1.6.4) coorBeTcTBYyeT pasioxkeHuto (yHKIMH X(S) MO BeiBieTam

Xaapa. ®ynkuus (1.6.4) sBusercs npocTeHmMM M Hamboliee KOMIIAKTHBIM
OpPTOTOHAJIILHBIM  (PUHUTHBIM BeiiBneroM. Hambonee mOMyNSApHBIM — CEMEWCTBOM
OpPTOTOHANIBHBIX  BeWBIeT-QyHKIMA sBistorcs  ¢yukuuun Jlodemm  (Daubechies)

¥(s) =D,,(s) nopsaxa 2p , KOTOpbIe 06NANAIOT CIENYIONMMH CBOHCTBAMM:

D,,(s) =0 Bre unrepsana [-p+1, p], (1.6.5a)
[sDyy(s)ds=0 s k=0,..(p-1) (1.6.5b)

C poctom umcna p obHynsteMbix MOMEHTOB B popmyie (1.6.5b) dynxums D, (S)

CTaHOBUTCSA Bce OoJiee TNAAKOM, XOTS YHCIO €€ HENPEPHIBHBIX IPOU3BOJHBIX HE

ABJIIETCS MPONOPLHUOHAIBHBIM nHapamerpy P . Hampumep, ¢ynkuus Jlobemn 4-ro
nopsinka D, (S) oOHynser HyneBod M MNEpBbIi  MOMEHT M HENPEPHIBHO

L[I/Iq)(bepeHquyeMa BO BCCX TOYKAX, 3a HCKIIIOYCHUECM CUCTHOI'O MHOXXCCTBA TOYCK BHU a4

k2" ans uenwmix umcen K,l. B Toukax Takoro Buaa D,(s) umeer 1€BOCTOPOHHIOIO
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NPOM3BOIHYIO0, HO HE MMEET mpaBocTopoHHeil. OTMmernM, 4yto BeiiBiaer Xaapa (1.6.4)
sBsieTest BeBieToMm Jlo6emu 2-ro nopsiaka (P =1). Msl ucmonis30Banu cioBapb u3 17
BeliBneToB: 10 0OBIYHBIX OPTOTrOHANBHBIX BeiBieToB [lobemm ¢ mopsakamu ot 2 no 20
(ucnonp3oBaHuMe ~ Ooyiee  BBICOKMX  TOPSJAKOB  CONPSDKEHO € YHCJICHHOU
HCYCTOWYMBOCTBIO) WM 7 T.H. «CHMJICTOB» - Mojaudukaiuii BeiiiaeroB [loOemun, B
KOTOphIX ¢opma Oa3uCHBIX (PYHKIUN SABISETCS OOJiee CHMMETPUYHOM, YeM st
o6prunbix BeiiBaeroB (Chui, 1992; Daubechies, 1992; Mallat, 1998). Cumiersr
00Jaal0T TeMH Ke CBONCTBAMH KOMIIAKTHOCTH, OPTOTOHANBHOCTH, TIIOJTHOTHI U
TJIaIKOCTH, 4TO U BeiBieTsl (1.6.5), HO 11 MOpPsAKOB OT 2-T0 70 6-T0 OHM COBHAAIOT C
OOBIYHBIM OPTOTOHATBHBIM Oa3zucoMm JloOemu, a 3aTeM, s opsAaKoB ot 8-ro a0 20-To,
MOSIBIISIIOTCS pa3nuuus B ¢popme 0azucHoil PpyHkuuu. BenenctBue atoro, odiee yucio
UCTIONIb3YEMBIX HAMHU BapHUAHTOB OPTOTOHAIBHBIX KOMITAKTHBIX Oa3UCHBIX (YHKIUI
paBHO 17.

Paccmotpum cutyarmio, korma Z(t) mpeacraBiaser coOOM CHTHAI C JTUCKPETHBIM
BpemeHem t mmuoM N otcueroB, t=1,..,N. bynem cumrarh, uto N wumeeT BHUI

1ea0ro uncaa Buaa 2" - 5T0 ymoOHO IS TOCIEAYIOIIErO HMCIOIL30BaHUs OBICTPOroO

BeiiBner-npeodpaszoBanusi. Ecmu N He paBHo 2", To momoiHuM curHai Z(t) HymsiMu

10 JUIMHBI, KoTopas Oymer pasHa 2", rae M — MHHUMAIbHOE LEIOE YHCIO, IS

kotoporo N <2". ®opmyna KpaTHO-pa3peliaroliero aHali3a B Clydae KOHEYHOM

BBIOOPKHU M TUCKPETHOT'O BPEMEHHU:
m o(m-p)
—_a(m (5] (03] — B) ((B) (8 )] B _ i
2t)=al’+ Y20, 2P0M)= Y, <Oy, =] (166)
B=1 j=1
rae z7(t) sBiseTcss KOMIIOHEHTO! CHrHANa, PHHAIIEKAIIEH YPOBHIO JETATBHOCTH C

Homepom S, a'™ - KoHCTaHTa, TIPOMOPIMOHANBHAS CPEJHEMY 3HAYEHHIO BBHIOGOPKH

(Chui, 1992, Daubechies, 1992; Mallat, 1998; Press et al., 1996). B dopmyne (1.6.6)

(B) — o(B) ((B)
kodpdummenter €7 =c¥’(r;”’) Moryr ObITh NpencTaBieHBl, MONOOHO (opmyie

(1.6.2), B Buze cBepTKH GasucHoii GpyHkuun ¥ (S) OT HempephIBHOTO apryMeHTa S ¢

HEKOTOPBIM cUrHaioM Z(S):

¢ = I 2(s) P (s—7)ds (1.6.7)

Curnan Z(S) OT HEHpepBIBHOIO aprymeHTta S monydaercss w3 curnama Z(t) c

JTMCKPETHBIM BpeMeHeM t IyTeM MHTepIOoIALuH 1o GopmyIie:
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2(s) = 2(t)- D(s 1) (1.6.8)

rae  ¢yukuus  @O(S) HoOCHT Ha3BaHHME MacIITaOHpyromed (YHKIUK BeHBIET-
paznoxenusi. Hanpumep, s Beiinera Xaapa ®(s)=1 mia s€[0,1] u ®(s)=0 mua

BCEX MPOYUX S M, CJIENOBATENbHO, MHTEPIOJIMPOBAHHBIA CHUIHAI OYyJEeT KyCOYHO-
NOCTOSIHHOW  (yHKuued. B o0mem ciaydae oOpToroHanbHBIX BeiBieToB JloGemm

MacmTadupyroomas QyHKIUsS SIBISETCS OPTOTOHAIBHOM OCHOBHOM 0Oa3uCHOW (yHKIIUU

+0
Y(s): I‘P(S)@(S) ds=0 u wWMeer Te K€ CBOWCTBA TJIAAKOCTH M KOMITAKTHBIM

HOCHUTENIb TOM ke JauHbl, uro U W(S) (HO He COBMAMAIOUIMI TOJIHOCTHIO C HUM):
®(s) =0 Bue unreppana [0,2p—1].

Ecnu quckpetnsiii curran z(t) mosmydaercs U3 CHTHajIa ¢ HElPEPhIBHBIM BpeMEHEM
X(S) myTeM B3ATHS OTCUETOB C IIAroM AS 1O BPEMEHH, TO MpH cTpemiieHud AS — 0
UHTEPIONMPOBAaHHBIA cHurHam Z(S) Bcerma CTPEMHTCS B CPEIHEKBAAPATHUCCKON
MeTpuke K ucxoaHomy X(S) . Eciau B popmyite (1.6.8) ucmons3yercs Macitadbupyroriast
byukust  D(S), coorBercTByromias Oasucy JloGemm — mopsiaka 2P,  TO
WHTEPIOIUPOBaHHbI curHan Z(S) Oyaer umeth (pP—1) TeEpBBIX MPOM3BOAHBIX,

HEMIPEPBIBHBIX IMOYTH BCIOAY, 34 HCKIIOYCHHMEM, BO3MOXKHO, CUCTHOI'0 4HCJIa TOYCK,

HE3aBHCUMO OT IIIAJKOCTH UcxoaHoro curnana X(S). Ho npu crpemiiennun AS — 0 3tH

IPOM3BOJIHBIC OYAYyT CTPEMUTHCSI B HHTETPAJIbHOW METPUKE K MPOU3BOIHBIM UCXOJIHOTO

CHTHaja JIMIIb B TOM ciy4ae, eciau X(S) Oyzmer tawke (p—1) pa3 muddepenumpyem

moutu Bcroay. Takum o0pa3om, BbIOOp BelBIETa I aHAIW3a CUTHAlA JOJDKEH
COOTBETCTBOBATH €r0 I'1aJIKOCTH.

Ecnu 3a0bITh O BO3MOKHOM HpPOMCXOKAeHWM curHama Z(t) B pesysibrare
JMCKPETU3AIMU HETIPEPBIBHOTO CUTHANIA X(S) C HEKOTOPBIM LIArOM 110 BpEMEHH A S, TO

muckpeTHoro pasnokenust (1.6.6) sBisroTCS  pe3ynbTaToM

(8
k0O PHIMeHTB  C!

MPUMEHEHUS TOCEA0BATSIbHOW JIMHEWHON (DUIbTpalui IUCKpEeTHOro curHajga. Ha

IIEpBOM HIAre IMmpoucCxoauT pasACJICHUC AUCKPECTHOI'O CHUI'HAJIa Ha 2 YacTU. BEWBIET-

K023 uumeHTs 1-T0 YpOoBHS 1ETaTBbHOCTH Cgl) (nm «peranpHBI cUrHAT» 1-TO YpOBHS)

o o @ .
¥ T.H. alIPOKCUMHUPYIOIIMH (CTIaeHHbIH) curHan a;” 1-ro yposns no dopmyse:
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c®=>gt-2j)-a? aP=>ht-2j)-a aP=z(t), j=1..,N/2 (1.6.9)
t t

Koaddunuentor aunerinoro ¢umistpa g(k) B dopmyne (1.6.9) obGmagaror
CBOWCTBOM BBIJICJICHHS BBICOKMX dacToT, a kKodddummenter h(Kk) — cBoiicTBOM
crnaxuBanust. OTMeTnM, 4to popmysl (1.6.9) BriIroyaroT B ce0si HE TOJIBKO JIMHEHHYTO
GunbTpanMioo, HO ¥ MPOpPeXKHBaHHE B 2 paza — I[OITOMY JCTAIbHBIA |
ANMPOKCUMUPYIONIMKA CUTHAIBI COIEPKAT B 2 pa3a MEHbIIE OTCUETOB, YEM HCXOIHBIH.
M3-3a KOHEYHOW [UTMHBI BBIOOpKHM mpu mnpuMeHeHun ¢opmyna (1.6.9) Bo3HHKAIOT
TEXHHYECKHE CIIOKHOCTM B Hadaie M B KOHLE BBIOOpKU. CyIIECTBYIOT pa3iHyYHbBIC

NPUEMBI TIPEOIOJICHHsI ITUX TPYAHOCTEH, HalpuMep, paccMoTpeHue BeiOopku Z(t) Ha

KOJIbIE BMECTO HMHTCpPBAJIA. HpI/I 9TOM MOT'YT BO3HHKAThb KpPACBLIC HCKAXCHUSA
pEe3yJIbTaTOB BEHBJICTHOU (1)I/IJ'IBTpaI_II/II/I, AHAJIOTUYHBIC KPACBbIM HCKAXKCHUAM H3-3ad

mukimaeckoro 3ddekra muckpernoro mnpeodpasoBanus Pypbe (Press et al., 1996).

[Mocne nepsoro miara (1.6.9) on nosropsiercs eme (M—1) pas (manomuum yro N =2"):

¢ =S g-2j)-a”, a¥? =Y ht-2j)-a?, j=1.,N-27V? (16.10)
t t

Takum oOpasom, cormacHo (opmyne (1.6.10), Ha KaxI0M HOBOM YypPOBHE

JC€TAJIbHOCTH BeﬁBHeT'paSHO}I(eHI/ISI IMPOUCXOOUT OJHOTHITHOC paciCIICHUuE

AlIMIPOKCUMHUPYIOUICT'O CHUTHAJIa a}ﬁ) NpEAbIAYHICTO YPOBHA JOCTAJIBHOCTU Ha €TI0
BBICOKOYAaCTOTHYIO COCTAaBJIAIOIIY IO C(fﬂ) U Ha <«CIIe OoJlee CrIIaXKCHHBIN» CHIHAI

a(f”). Yucmo OTCYETOB B JICTAIBHOM CHUTHale (TO €CThb YHCIIO BEWBIIET-
K03 (UIMEHTOB) M B CIrIQKCHHOM (AaNMpPOKCUMHPYIOIIEM) CHUTHAJIE BCSKHHA pa3
yYMEHbIIIAETCSI B 2 pa3a MpH YBEJIMYCHUH HOMEpPa YPOBHS JETAIbHOCTH HA CIMHUILY.
Kospdurment a™ B popmyne (1.6.6) sBiseTcs anmpOKCHMUPYIONMM «CHUTHATOMY,
COOTBETCTBYIOIIMM CaMOMy T[JIyOOKOMY CIUIQKHBAHUIO Ha TIOCIEIAHEM YPOBHE
neragpHocTH M. Koaddummentsr g(k) u h(k) nunelinsix (GuIbTpoB (MMEIOIIMX
Ha3BaHUE «COIMPSIKCHHBIX 3€PKAIBHBIX (DHIBTPOB») CBS3aHBl JAPYr C JPYroM
cootromennem (k) = (-1)"“h(l-k), koTopoe BHITEKaeT H3 MACIITAOHPYIONINX

YPaBHEHHUH OPTOTOHAJIBHOTO KPATHO-PA3pEIAIONIEro aHAIN3A:

1 +00 l +00
Ecp(t/z) = 3" h(k)-O(t-k), E‘P(‘[/Z) =Y g(k)-O(t-K) (1.6.11)

k=—00 k=—o0

JUIsE MaciITabupyromed 1 ocHOBHOU OaszucHOil dyHKiuil. [ GUHUTHBIX Oa3uCHBIX

dynkuuii  Jlobemm D, (S) uucno HeHyneBbIX KOX(PQHUIMEHTOB B JIMHEHHBIX
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sepkanbHbix QuibTpax g(k) u h(k) paBHO mopsaky ¢ynkumu 2p. Hampumep, s

BeiiBiera Xaapa h(k)=l/\/§ st k=01 u h(k)=0 ama Bcex mpoumx K. s
bynkumii Jlobemm 4-ro u 6-ro mOpsAAKOB KOA(DPHUIMEHTHI 3€pKaIbHBIX (DHIBTPOB
HaXOJISITCS AHAJTMTHYCCKH M3 JIMHEWHBIX YpaBHCHUH, BhITeKatonmx u3 yciosus (1.6.5h)
OOHYJICHUS 32IaHHOTO YKCIa TIEPBBIX MOMEHTOB, HO JIJIsl O0Jiee BHICOKUX MOPSIKOB ATH
JTUHCWHBIC ypaBHCHUS PENIAOTCS yKe 4YucieHHo. CremyeT 3aMeTUTh, YTO C POCTOM
nopsijika BeiBiieTa 00YCIIOBICHHOCTh JIMHEHHBIX YPaBHEHUH YMEHBIIACTCS U PAaCTET
omuOka OkpyriaeHus. [lodTomMy 0OBIYHO oOrpaHuuMBaroTCsi BeiBietamu 10 20-ro
MOPSIIKA.

ANTOPUTMUYECKH BEUBIET-TipeoOpa3oBaHUe SBISETCS JTMHEWHBIM OPTOTOHAIBHBIM

npeoOpasoBanreM N —mepHOro Bekropa BbIOOpKH Z(I) B BekTOp KOI(PPHUIMEHTOB

c™M=@™,c™ .. (%, j=1..n,),.), mmuEa KoToporo Takxe paBHa N H KOTOpBIi
z - 1 1¥1 1 j 1J_ v Lig )y y A p p p

cocTout u3 moctosHHoK A\ Ha MEpBOM MeCTe M MOCIENOBATENBHO COCTHIKOBAHHBIX

Opyr ¢ ApyroM Ko3(pQUIMEHTOB BCEX YPOBHEH JJETaNbHOCTH, HAYMHAsI ¢ M —To,

(m-1)-ro u Taxk manee, BIUIOTH 10 KO3()(OHUIIMEHTOB MEPBOTO YPOBHS JE€TATBHOCTH,
3aHMMAIONIEr0 BCIO BTOpyro monosuHy ektopa C™ (Press et al., 1996). O6patHoe

npeo6pasosanue BekTopa C™) maer mcxommyro BeIGopky Z(t) . 3ameTum, uTo 0o6paTHOE

BENBIET-IPe0oOpa30BaHUE OCYIIECTBISETCS TAaKK€ B BUJAE IOCIEAOBATENbHBIX I1aroB
BOCCTAQHOBJICHHSI ~ aNIPOKCUMHPYIOIIETO CUTHaima ypoBHS [ W3  BeHBIeT-

koapunmentos ¢/ u annpoxcummpyromero curnana a¥™ yposns (S+1) ¢

UCIIOJIb30BaHUEM 3€pPKaIbHBIX CONMPSKEHHBIX (PMIIBTPOB 1O (hopMyJIe:

a” =>"h(j-2k)-a¢? +> g(j-2k)-c¥?, j=1.,N-27 (1.6.12)
k k

O6paTHoe peobpasoBanue HaunHaeTcs ¢ kodpdurmentos al™ u ¢ mocnemnero

(caMOro HM3KOYaCTOTHOTO) YPOBHS ICTATbHOCTH C HOMEPOM M W 3aKaH4WBaercs Ha 1-
oM ypoBHe. [Ipu 3TOM NPOMCXOAUT yBEeIWUEHHE B 2 pa3a 4KCIA OTCYCTOB B
aNMpPOKCUMHUPYIONIEM CUTHAJC KaXAbId pa3 IpU YMEHBIICHUH HOMEpa YpPOBHS
JEeTaNbHOCTH — JIO TeX TII0p, MOKa I[OCJIE0BAaTeIbHOCTh BOCCTAHOBICHUI HE
OCTaHOBHUTCS Ha 1-OM ypOBHE JETAJIBHOCTH M YHCIIO OTCYETOB HE CTaHeT paBHbIM N .
[lpsmoe wm obOpatHoe BelBieT-ipeodOpazoBanus (1.6.10) u (1.6.12) nmomyckarot

POTrPaMMHYIO PEaln3alMi0 B BHIEC ObICTPhIX anroputMmoB, Tpedyromux O(N)

orepanuii, 9To MO0 CKOPOCTH MPEBOCXOAUT ObIcTpoe mpeodpazoBanue Pypne (Chui,
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1992, Daubechies, 1992; Mallat, 1998; Press et al., 1996). Kommonenra z%(t)
SBIISIETCSA PE3yJIbTaTOM 00paTHOro mpeoOpa3oBaHHs BeKTopa KO3(PPUIMEHTOB TuIa

C™ | mpu ycnopum o6HymeHHs BceX KOd(QHIMEHTOB, KPOME COOTBETCTBYIONIMX

ypoBHIO f3.
Kommonenta z(t) mns nocratouno Gompmoro 3Hadenms N 9acTOTHO

JIOKQJIM30BaHa B I10JIOCE.

[QY QP 1=[1/(2¥*P As),1/(27 As)] (1.6.13)

min ?

rie AS — JUIMHA WHTEpBajia ompoca. 3HadeHWe Kod(duimenra

()
c/’ oTpaxkaer

(8)

nosezienre curHana Z(t) B OKPECTHOCTH TOYKM 7;’ Ha MHTEPBAlE UIMHOH p2’/

orcyeroB. CienoBarenbHO, 4eM OoJiee IIAJKUM SIBISETCS BEMBIIET, TEM IIHUPE 3TOT
uHTepBai. OJHAKO OCHOBHBIC Bapualuu (BCIUICCKH) (UHHUTHOH Oa3ucHON (yHKIHMU

w'”(s) Bcerma cocpeqoTOUEHBI HA MHTEpBaNe AMHHOK 2° HezaBHCHMO OT mapameTpa

rnaakocty P . Ilostomy kaxxaomy Ko3ppUIHUEHTY C(jﬁ ) IpunuIIeM «BPEMEHHYIO 30HY

OTBETCTBEHHOCTH» JUTHHOM AT = As2”. IIpounsBecHue ITAPHHBI
AQP =1/(2* As) wyactoTHoit monockl (1.6.13) Ha IMHY BpPEMEHHOrO HMHTEpBAIa

ATW 3a/1a€T TUIONIA/b TaK HA3bIBAEMBIX «AIIMKOB [ 'eif3eHOepra» Ha IJIOCKOCTH

«BpeMs-4acTOTa», KOTOpas paBHa %2 HE3aBHCHUMO OT pPacCMaTpUBAaEMOr0 YPOBHS
JETATLHOCTH.
CaMbIM MeJKOMACIITaOHBIM YPOBHEM jeTanbHOCTH B (opmyie (1.6.6) sBisercs

NEepBBIH, O0INee YHCIO YpPOBHEH METAIBHOCTH M 3aBUCHT OT JJIMHBI BBIOOPKH.

COBOKYHHOCTL 3HAUCHUH n a(lm) BBIYUCJIAIOTCS ITYTEM IIPAMOIO 6BICTpOFO BEUMBIICT-

(B)
Cj
npeobpazoBanust (Daubechies, 1992; Mallat, 1998; Press et al, 1996). Oxu ogHO3HAYHO

OTPEICTSIIOT UCXOAHYI0 BBIOOPKY Z(t), KOTOpas MOKeT ObITh BOCCTAHOBJIEHA 10
By qMm 6 6 i - 0 0%
3aJaHHbIM Cj u al IMyTEM OOPATHOI'0 OBICTPOTO BCUBJICT-IIPCOOPA30BAHMA. Y POBCHDb

JICTAILHOCTH MOXKHO aCCOLMMPOBATh C HOMEPOM YacTOThI (YaCTOTHBIM JUCKPETOM) B
KJIACCUYECKOM TUCKpeTHOM Dyphe-npeoOpazoBanuu. OTivune BEHBIIET-pa3IOKEHUS
COCTOHT B TOM, 4TO HaOOp “BeHBIIECT-4aCTOT” 3HAYUTEIHLHO O0Jice pelok (paBHOMEPEH B
aorapumMuueckoi mkaine), yem B Dypbe-aHanuze. DTO SBISIETCS IUIATON 3a BaKHOE
CBOHCTBO — (PUHUTHOCTh Oa3WCHBIX (YHKIHHA, KOTOpoe OTCyTCTByeT B Dyphbe-
Pa3/10)KEeHUHU ¥ KOTOPOE MO3BOJISET ropas3io 0osiee TOYHO ONPEEIIATh MECTOMOIOKEHUS

KOPOTKOXUBYIIHUX aHOMAaJIMH - BCIUIECKOB. KpOMe TOrO, (1)I/IHI/ITHOCTL 0a3UCHBIX
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(GyHKIMA TTO3BOJIIET MPOU3BOJIUTH BEUBJIET-aHAIU3 HECTAIIMOHAPHBIX W HErayCCOBBIX
BpEMEHHBIX PAA0B, Dypbe-aHanu3 KOTOPHIX XOTS (OpMaibHO M BO3MOXKEH, OJIHAKO
Mano3(heKTUBEH.

XoTsi 00bIYHOE BEUBIET-pa3NoKEeHUE 00JaJaeT MOJE3HBIM CBOWCTBAMHU BBICOKOM
TOYHOCTH JIOKAJIU3AIMK TI0 BPEMEHU HECTAlMOHAPHBIX CUTHAJIOB, OOOPOTHOM CTOPOHOM
ATOTO CBOMCTBA, B COOTBETCTBHHM C TpUHIMIIOM [eilzenOepra, sBisieTcss ciaboe
paspenieHue 1O 4YacToTe. BelBleT-makeTHOe pa3ioKEHUE I03BOJIIET YacCTUYHO
YCTPAHUTh ATOT HEJOCTATOK 33 CYET HEKOTOPOI0 YXYJALIEHHUS pa3pELECHHUs 110 BPEMEHHU.

Peanmm3anmss TWakeTHOTO  pacuIeIUiCHWsT OCHOBaHAa Ha  HEPapXHUYECKOW  cXeme
MOCJICIOBATEIBHBIX  BEHBJIET-TIPEOOPA30BAaHUN  HCXOMHBIX KO3 (OUIIMEHTOB C(jﬁ).

OproroHajbHOE BEHBJIET-TIAKETHOE PA3JIOKEHHE CHTHAJA, aHAJIOTHYHO (opmyJe

(1.6.6), MO>KeT OBITH 3aMTKCAHO B BH/IE CyMMBI:

m My g
z@)=a"+ > 2VM)+> D> 2PI() (1.6.14)
B=mg+1 p=1y=1
Benuuuna  Moxer ObITh paBHa 2, 4, 8, ..., T0 ecTh umeeT Bug =2",r=123,...

U ONpENeNsieT YKCIO TOAYpPOBHEH, Ha KOTOPOE PACIICIUIICTCS OOBIYHBIN YPOBCHB
JeTanbHOCTH. JIisl 3a71aHHOTO 3HAYEHUsl MapaMeTpa § MaKCHMANbHBIA HOMEP M, <M
YPOBHSI ICTAIBHOCTH [, KOTOPBI MOXET OBITh PACILIEIICH, ONPEICISICTCS U3 YCIOBUS,
9YTO OH JO/DKCH COJEpKaTh MHHUMYM (] BeiBieT-kod(duimertoB. KoMmoHeHTHI
z7(t)  9acTOTHO-yNOPSAMOYEHBI, pAaCIIEIUIAIOT  uyacToTHyro nosocy (1.6.13),

COOTBETCTBYIOIIYIO YPOBHIO JETANbHOCTH [ Ha (] paBHBIX 4acrteil. Takum oOpazom,
curnan z7)(t) yacTOTHO-NOKATM30BaH B TIONIOCE:

[Qn QU1 Qi =00 +(r-1)-4Q7, y=1..q,
Q%;(y) = Q" +AQ(ﬁ), AQP) = (Q(ﬁ') _Q(ﬂ))/q

min max min

(1.6.15)

Ecnu ypoBHIO I€TanbHOCTH ¢ HOMEPOM /3 COOTBETCTBYET N, OOBIYHBIX BEWBIIET-

KOX(PPHUITUEHTOB, TO Ka)XJIOMY IOJYPOBHIO ¥ TAKETHOTO PAa3JI0KEHHUS COOTBETCTBYET
> (B.7) i—

n,/q BEUBJIET-MAKETHBIX KOO duumentos ¢, j=1..,n,/q, «smukn

[eiizenOepra» s KOTOPBIX HMMEIOT BpPEMEHHYIO JJIMHY B ( pa3 OO0jbllylo, 4TO

UCXOJHBIE KOX(PPHUIHUEHTHI

C(J-ﬁ), HO MX 4YaCcTOTHas CTOpOHA B ( pa3 MCHbIIC

(cnemoBarenpHO, TUIOMAIL SAIMIMKOB [ ei3eHOepra» ocraeTcss HEM3MEHHOW M PaBHOU

1),
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Jlns Toro, 4to6bl momyunth KommoneHty Z7)(t), HeoOXommMO COBEpPHIHTS
[IEMOYKY OOpaTHBIX BEUBIET-NIPeoOpa3zoBaHuil KOAPPHUIIMEHTOB C(jﬁ 7), Tlocnemuuii mar

B OTOW ILIEMOYKe OOpaTHBIX IMPeoOpa3oBaHUN COBEPIIAETCS OT HEKOTOpOro Habopa

koddurmentor W/, j=1,...,n,, KoTopse 3aHMMarOT B aHanore Bekropa C{) Te xe

pasnokenust curnana Z(t). Omnako

MO3UIIMH, YTO U OOBIYHBIC KOA()PHUITMEHTHI C(j"” )

obpaTHOe TpeobpasoBanue oT HUX naet kommonenty z7(t), a me z”(t). Hazoem

K02 pHULIEeHTHI W(jﬂ 7). MOIM(UITMPOBAHHBIMI BEHBIET-TIAKETHEIME K03 DHIIHEHTAME

curHana Z(t). Takum oOpazom, MOANGUIIMPOBAHHBIE KOIPPHUIIUCHTHI W(j"” 7) gpnsoTcs

OOBIYHBIMH BEUBIET-KOA(PPHUIIMEHTAMH HA YPOBHE JETAIBHOCTH [ UIS Ciydas, KOorja
Ha BXOJ| MpPSMOro npeoOpa3oBaHMs MOJAETCS HE HCXOAHBIM CHUTHAJ, a JIMIIb €ro

xommonenta z/7(t). Sumku TeitzenGepra 1 kodhHUIEEHTOB W(jﬂ 7). IMEIOT Ty Ke
BPEMEHHYIO JUIMHY, YTO U JUIS C(J.ﬁ ), HO MX YacTOTHas [JIMHA PaBHA YACTOTHOW JIMHE
K03 pHLIIEHTOB C(jﬂ 7). Takum 00pa3oM, Mepexoi OT OOBIMHBIX BEHBIIET-HAKETHBIX

(B.7) (B.¥)
k03 dunmeHToB  C i K  MOAU(UIIUPOBAHHBIM W SBIIIETCS  IIPUEMOM,

MO3BOJISIIOIIMM ~ CY3UTh BpPEMCHHOW HWHTEPBaJ] HEONPEIeICHHOCTH (YMCHBIIUTD

BPEMEHHYIO JUTMHY sinuKa [ eiizenOepra). 3aMeTHM, YTO MPU TAKOM IEPEXOJIE dHEPIHSI

ng nglq
K02(PPHUIIMEHTOB Pa3IOKEHHUS COXPAHIETCS: Z(W(jﬂ )2 = (C(jﬂ )2
j=1 j=1

Ecnu Ha TUIOCKOCTH «BpEMSI-4acTOTa» MOCTPOUTh 2-MEPHYIO KapTy, COCTOSIIYIO U3

JaCTOTHO-YIIOPAOOYCHHBIX SIITUKOB Feﬁ3eH6epra MO,Z[I/I(l)I/II_II/IpOBaHHLIX

KOd(PHUITUEHTOB W(J.ﬂ 7y 3aKpacuTh KaXIbld SIIIUK B COOTBETCTBUU C MAJUTPOH,

NPOTIOPIMOHATIBHON aOCOMIOTHBIM 3HAYCHUSIM BEUBJIET-TIAKETHBIX KOX(P(PHUIIMEHTOB

(B.7)
W (v wx gorapupmam), TO TMOJYUYUTCS JWarpaMma, BH3YaJTH3HPYIOIIas

BPEMCHHYIO JTMHAMHKY OCHOBHBIX BpPEMEHHBIX MacmTa0oB (MM MEPUOIOB)
HECTAallMOHAPHOTO0 CUTHana. BHelHe 3Ta Mo3aMKa W3 BEUBJIET-MAKETHBIX SIIHUKOB
[eiizenOepra MOMET MPOUTPHIBATH B OICTETUYECKOM BOCHPHUSATHH [0 CPABHEHHUIO,
HaIpUMep, ¢ TPAJIULUOHHBIMH CIIEKTPaIbHO-BPEMEHHBIMU AuarpaMMaMu. OHAaKo OHa
naeT Oojiee TOYHOE U a/IeKBaTHOE NPEJCTaBICHHWE O YAaCTOTHO-BPEMEHHOW IMHAMMKE

CHJIbBHO HECTAIIMOHAPHOI'0 CHUI'HaJId, COCTOALICTO M3 MHOKCCTBA KOPOTKOXUBYIIHUX
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BCIUIECKOB Pa3IMYHOr0 Maciutada, ¢opma KOTOPBIX MOXKET CHIBHO OTIHYAThCS OT
TapMOHHMYECKOTO KOJICOAHUS TON WJIM MHOW YacCTOTHI.

OnHUM U3 BaXKHBIX BOIIPOCOB, KOTOPBIH HEOOXOAMMO pellaTh NpU MPUMEHEHUU
OpPTOTOHAJIBHBIX  BEHBIIET-pa3iOKeHUl, sBIsSeTCS BBHIOOpP Hawirydmero 0Oasuca,
Hampumep, nopsiaka Beriiera Jlobemm. IIpu BeIOOpe ONTUMAaIbHOTO BeiBIET-0a3uca
HauOosee 4YacTo WCIOJb3YyeTCs KpPUTEpUd MHUHUMYMa OSHTPOIUU paCIpeaereHHs

KBaJIpaTOB MOJIyJIeH BeUBIET-KO3(PPHUIIHEHTOB:

m 2(m-A)

E)=-> > p-In(p?’) > min, p¥ =|c{ |2/Z|ci‘”‘) & (1.6.16)
== o

Meron (1.6.16) mnonbOupaer mis curhama Zz(t) Takoi 0asuc, B KOTOPOM
pacripeiefieHie 3HAYeHHI KBaJIpaTOB €ro BeHBIET-KO3()(UIHEHTOB MaKCHMAIbHO
OTIMYAIOTCS  OT  paBHOMEpHOro. TemM  caMbiM  MakCHMyM  HMH(MOpPMAIUH
COCpeIOTaYMBACTCS B MUHUMAIBHOM KOJUUYECTBE KO3 PUIIMEHTOB pa3iokeHus. YacTo
npoctoe npumenenue kpurepus (1.6.16) gaer BHONHE YIOBJIETBOPHUTEIIbHbBIC
pesynbrartel. OpHAKO HUKE OBLI KCIOJB30BAH TakXke Oojiee H3OIIPEHHBIA METO[
noabopa ONTHMAIBHOTO 0a3uca, KOTOPBI HMEET BHJ HTEPAMOHHON IPOIEIYPHI,
MHOTOKpaTHO Ucnonb3yomiei kpurepuii (1.6.16). D10 CBsI3aHO € JKEIaHUEM BBIICITUTh,
IyTeM NPUMEHEHHS TOrO WM HMHOro 0as3mca, Kak MOXKHO 0oJiee TOHKHE pa3iidyus B
CTPYKType curHaioB. Meron Obul npemyioxkeH B pabore (Berger et al., 1994) mus
pEILICHUsT 3aJaud OYMIICHUS CTapbhIX BOKAJIBHBIX 3allMCEHd OIEPHBIX KIACCHKOB OT
XapaKTEepHBIX MIyMOB, (IIUMEHWE, TPECKH, MICTYKHA) W ObUT Ha3BaH METOJOM
nocJeoBaTebHOro KorepeuTHoro orcedenust (coherent basis thresholding). Kpartko
U3JI0KUM METOJI B BHJIE MTOCIIEI0BATEIBLHOCTH OIICpaIinii.

1. Maunmanu3sanus: B padbounii Oydep Y(t) momerraem ucxonnsiii curnan Z(t) .
2. OnpezersieM NopsoK BeiBiera u3 kpurepus (1.6.16) mis curnana y(t) :

E(y) > min.

% - (8)
3. Orcoprupyem BeHBIET-KOIYPUIMEHTHI C;

curHana Y(t) mis 6asuca,
OIIPEJICIICHHOTO B IIYHKTE 2, B TIOPs/IKE YObIBaHHS HX A0COIOTHBIX BEINYUH U
oTcoprupoBanHbie kKoo duumrentel o603naunm vepes d;, j=0,1,...,(N —1). Takum
00pa3oM, B OTCOPTUPOBAHHON ITOCIIEIOBATEILHOCTH KO3 GHIUEHT d, sBIsAeTCS

MaKCUMAaJIbHBIM 1O MOAYJIIO.

4. Onpenenum munumainbsHoe 1iennoe yuciao M =0,1,...,(N —1) u3 ycioBust BEITIOTHEHUS

HEPaBEHCTBA:
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|d, [ _2:In(N-M)
Nz_lld-lz_ (N_M)
J

j=M+1

(1.6.17)

5. Ecau ycnosue (1.6.17) BeimonHsieTcst cpasy, s 3HaueHuss M =0, To cuutars, 94to
ONTHUMAJIBHBIN MOPSIAOK HAWJICH, U BBINTH U3 AJITOPUTMA.

6. Ecau v st kakoro M =0,1,...,(N —1) ycrmosue (1.6.17) He BbITOTHSACTCS, TO

MOJIOKUTH 3HAYCHUC ONITUMAJIBHOI'O TOpsAAKa BeMBIeTa HaﬁHeHHOMy B ITYHKTC 2 u3

YCJIIOBHA MUHHMMYMa SHTPOIIUHU Cpa3y IMOCJIC MHUIIUAJIU3alluu U BBIUTH U3 ajiropurma.

() ()
7. O6HyUTH BCe KOdpuuments ;" , mst kotopwix |¢;” [>]d,, |, coBepmnTh

o0paTHOE BeHBIIET-TIPeoOpa30BaHNe ¢ OCTABIIMMUCS Kod(huImeHTamu,

MOJTYYMBIINACS OCTATOYHBIN CUTHAI TIOMECTUTD B pabounii Oydep Y(t) u mepeiitu k

MyHKTY 2.

CwmbICH 3TOU MPOUEIYyPhl COCTOUT B cieayromneM. CUuTaeTcs, YTO CUTHAJI COCTOUT
U3 IOJIG3HOTO CHTHAJa», BaphallMi KOTOPOTO OTPaKEHbl B 3HAYCHUSAX BCHBIICT-
KOX(P(UIIMEHTOB, JOCTATOYHO OONBIIMX MO MOAYII U U3 «IIymMa», KOTOPOMY
COOTBETCTBYIOT Bce Tmpoune Kkod(dduimeHTsl. 3amada COCTOMT B BBIOOpE Mopora
3HAYCHUH MOAyJeH KOo3((UIIMEHTOB, BBHIIIE KOTOPOTO OHH OTBEYAIOT «ITOJIC3HOMY
CHTHaIy», a HmKe — «irymy». HepaBerncto (1.6.17) kak pa3 v MpH3BaHO OMPEICIIATH
TaKol Topor. JTO yCJOBUSA B3ATO M3 (OPMYINBI A BEPOSTHOCTH ACHUMITOTHUECKHUX

MaKCHMAaJIbHBIX YKJIIOHEHHH 3HaueHHi rayccoBckoro Oenoro myma W (t) (Kopomrok u

ap., 1985)):

: N 2InN
2 2
lew Pr{ogmtg(a@(_l)|W(t)| j§_0|W(j)| < N b=1 (1.6.18)

rne Pr{..} — BepositHOCTB coObITHs. Kpome TOro, B nanpHelIieM HaMm OyAeT moje3Ha

eire oaHa (hopMyJia, HEMOCPEACTBEHHO BhITeKaromas u3 (1.6.18):

lim Pr{ max |[W(t)|< ov2:-InN }=1 (1.6.19)

N0 0< t<(N-1)

rlie O - 3HAUYCHHE CTaH/IapPTHOTO OTKIIOHEHHS TayccoBckoro oemnoro myma W (t) .
Takum obOpasoMm, cmbicin ycioBust (1.6.17) cocTouTr B pasiaelieHHH BEHBIET-

K03(pPULIMEHTOB HAa «IIYMOBBIE» U «Iose3Hble». LIlyMooOpa3yommMu CuuTaroTcs Te

JOCTaTOYHO MaJible 10 MOIyJro (HmkHUN mperen cymmupoBanus B (1.6.17) paBen

M +1) k03 uIIHeHTBI, MaKCHMMajbHbIC AOCOMIOTHBIC 3HAYCHHS KOTOPBIX JIC)KAT B

aCUMIOTOTHYECKUX mpenenax iss Oemoro tmyma (dopmyna (1.6.18)). Ho Takoe

BBIJICJICHUC «IOyMa» M3 CUTHalla 3aBUCUT OT HCIIOJIB3YyCEMOI'O basuca (TO, 4qTO AJIAd
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OJHOTO 0a3mca SBJSIETCS ITYMOMY», JUIS JIPyTrOr0 MOKET HE YIOBJIETBOPSTH KPUTEPHIO
(1.6.17)). ITosToMy, BbIOpaB 0a3uc U3 YCIOBUS MUHUMYMa SHTponuH (MMyHKT 2), 1aiee
BBIZIEJISIETCS KIIyM» 110 OTHONIEHHIO K BhIOpaHHOMY Gasucy (IyHKT 7) M yKe JUIs 9TOrO
ocraroyHoro (oOemHeHHOro HH(MOpPMAalLUE) CHUTHANa ONSATh MINETCS ONTUMAIbHBIH
0asuc (myHKT 2) ¥ TaK jajee, 10 TeX Mop, MOKa OCTATOYHBIN CHTHAII He OyeT ABJISAThCS
IIIyMOM J[aXK€ 10 OTHOILIEHHIO K CBOEMY ONTUMaibHOMY Gaszucy (myHkT 5). ITocmemuuii
OIIPEJICIICHHBI ONTUMAJIBHBIA 0a3UC CYMTAETCS ONTUMAJIBHBIM, MOCKOJBKY OH CMOT
XOTb 4YTO-TO OIIPCACIUTL B CaMOM O6eI[HeHHOM OCTaTOYHOM curHajie. B 3ToM ecThb

CMBICJI, TIOCKOJIBKY M3 HA4YaJIbHOI'O CHI'HAJIa Z(t) MOXXHO H3BJICYb I/IH(I)OpMaI_II/IIO C

IIOMOIIBI0 JIFDOOro Oas3mca, Torma Kak Uil OO€QHEHHOI'0 OCTAaTOYHOI'0 CHUTHala Halgo
HOUCKATh HAWTYYIIHH.

Ilocne onpeneneHus uis JAHHOTO CUTHAjJa ONTUMAIBHOTO BEWBIET-0a3uca MOKET
OBITh HalJIeHa Ta YaCTh MHHUMAJIbHBIX 110 MOJYJIIO BEHBIET-KO3()(HUIIMEHTOB, KOTOpast
MOKET OBITh OTOpoOlIeHa Mpu OOpaTHOM BeWBIET-NpeoOpa3oBaHUM, MOCKOJIBKY OHa
oTBeyaeT mymy. Jlis 3TOro jenmaercs MpeaNoOOXKEHHWE, 4YTO IIYyM B OCHOBHOM
COCpPEeIOTOYEH B BapualUsaX Ha IEpBOM, CAaMOM BBICOKOYAaCTOTHOM YpPOBHE
NEeTaJbHOCTH, 3a HCKIIOYCHHWEM  HEOONBIIOro  dYucia TO4YeK, B  KOTOPOM
CKOHLIEHTPUPOBaHbI BHICOKOYACTOTHBIE OCOOCHHOCTH MOBEACHUS MOJIE3HOTO CUTHANIA U
KOTOPBIM,  CJIEIOBAaTE€bHO,  COOTBETCTBYIOT  OOjbllIMe  3HA4YEHHUs  BeHBIET-
k03 PuumentoB 1-ro ypoBHsS. B cuiy OpTOroHaJbHOCTH BeHJIET-IPEOOpa3OBaHUS
ucriepcus BelBieT-k03(h(UIIMETOB paBHA AUCHEPCUM MCXOAHOTO curHaia. [loatomy
OLIEHUM CTaHJApTHOE OTKJIOHEHHWE IIlyMa o Uil BeiBieT-kodpGUIMeHToB Ha 1-m
YpOBHE JIeTadbHOCTH. [Ipr 3TOM clieayeT y4ecTh, 4To OleHKa JOJDKHA OBITh POOACTHOH,
HEUYBCTBUTEIBHOM K BO3MOKHBIM OOJIBIIMM BBIOpOCAM  «IIOJIE3HBIX» 3HAYEHHUH
BeliBner-ko3¢¢unuento Ha 1-m  ypoBHe. Hampumep, MOXHO HCHOJIB30BATh
pobacTHYI0 MEIMAHHYI0 OIEHKY CTaHAAPTHOTO OTKJIOHEHUS JUI HOPMAaJbHOMN

ciydaitHoii BenmuunHbl (Huber, 1981):
— @ P —
o=med{|c;”|, j=1..,N/2}/0.6745 (1.6.20)
Teneps, 3Has ouenky o u3 (1.6.20), MoxHO oueHuTh, coryiacHo (1.6.19), mopor Tex
3HAYCHUH MOJYJIS BEHBIET-KOA(P(GUIIMEHTOB, HMKE KOTOPOrO0 HMX MOXKHO OOHYJIUTH,
MIOCKOJIbKY OHH SIBJISIIOTCSI HOCHTEJISIMU IIYMOBBIX Bapuanuii — oH paBeH o+/2-InN .

Otcroma o4eBHIHO ompenaersercs ypoBeHb o Jlonoxo-/Ixoncrona (Donoho,

Johnstone, 1994) mis cxarus curHaga: OTHOIICHHWE 4YKcaa KO3(D(UIIUEHTOB, s
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KOTOPBIX BBITIOJIHEHO YCIJIOBHE |C§ﬂ) |<o+2-InN, x obmemy wux umciny N . DOra

Oe3pasmepHas BenmmunHa @, 0 < @ <1, MOXeT OBITh WCIIOB30BaHA B JAIBHEUIIIEM Kak

UHTETpajbHas  XapaKTepUCTUKA CUTHANa, Hampumep, Ui pelleHHs  3aj1ad
KIaccupUKaIuu.

Bonee pacmpoctpaneHHBIM npuMeHeHHeM mopora JloHoxo-/[KOHCTOHA SBIISETCS
omepaiys HeauHeHHo# mnoporoBoit ¢unerpanuu (thresholding) curnanma, xoropas
3aKJIFOYAeTCs B BBIMOJHEHNH CIIEIYIOIIEH ITOCIIeI0BaTeIbHOCTH ONepalvii:

1) nns BbIOpaHHOTO OPTOTOHAJIBHOTO BEHBIET-0a3uca COBEPILUTH IPSIMOE
JMICKPETHOE BEHBIIET-IPpe0Opa3oBaHue;

2) OTCOPTHPOBATh BEHMBICT-KOA(PDHUIMEHTHI, HE pa3jinyas YPOBHEH NETANIbHOCTH, B
HOPSIKE BO3PACTAHUS UX a0COIIOTHBIX BEJIHYHH,

3) MOJIOKHUTH PAaBHBIMH HYJIIO 33/IaHHYIO YacTh & KOI(M(PHIMESHTOB, MUHUMAaJIbHBIX
no Moayito (Takum 00pa3oM, OTIMYHBIMU OT HYJIS OCTAlOTCS JHIIb 1ois l—«
K03 PHUIIHEHTOB, MMEIOIIMX HANOOJIBIINE a0COMIOTHBIE 3HAYECHN);

4) coBepiInTh 00paTHOE TUCKPETHOE BEHBIET-TIPEOOpa3OBaHHE.

Pesynbratom OyneTr HeKOTOpPBIH curHai Z, (t), KOTOPBIA COXpaHUT UMb HanboIee
3HAYMMbIC BapualMd HCXOAHOro curHaiga Z(t), OoToOpaHHBIC HE IO YaCTOTHOMY
NPUHINITY, & COTJIACHO KPUTEPHIO HAaUOOJIBIINX 3HAUYCHHUH BelBIeT-K03(puiineHTos.

Iycrs z(t)=f(t)+W(t), tne f(t) - «momesHeli» curHan, npeaCTABISIOLIMI
co0oi KyCO4YHO-TIONMMHOMHANBHYI0 (yHKIm0, a W (t) - rayccoBckuii Oenblii mym ¢
mucnepcueit o . Takum 06pasom, unTepBan orcuetoB t=1,..,N, Ha KOTOpHIX 3a1aH

f(t), pasour Ha koHewyHoe umcio (He 3aBucsamiee oT N ) HemepeceKaroIUXCs

CErMEHTOB, Ha KaXXJIOM U3 KOTOPBIX IIOJIE3HBII CUTHAJI PaBEH IOJUHOMY TOM WU MHOU
CTETICHH, a Ha TPAHUYHBIX TOYKAX CETMEHTOB CaM CHTHAJI WJIM €T0 MPOU3BOIHBIE MOTYT
nperepreBaTh pa3pbiBbl. [IycTh M - MakcUMalnbHas CTENEHb MOJIMHOMOB, a K - obmiee
gucio touek paspeBa f (). Ilycts z,(t) - curnan, momydenssid u3 z(t) omepanmeit
HEJIMHEHHOH MOporoBol (GMIBTpalMU C MCIOJIb30BaHKeM mopora JloHoxo-/[)xoHcToHa
U OpTOrOHAJIBHOTO BeiiBiieTa, oOHyIstomero (M+1) momentor (yciosue (1.6.5b)).
Torma cnpasemuBa onernka (Donoho, Johnstone, 1994; Mallat, 1998):

M{]|z; - f ||2}< (K+D)(m+1) C In?(N) N
G N

0 (1.6.21)
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N
rre M{..} - smak maremarmueckoro oxumanus, || f|*=> f3(t), C~4/In(2) -
t=1

HekoTopas KoHcTaHTa, p° =|| f |° /o? - oTHOmEHNE «curHAN/IIyM».

i
k
ITT
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1] 10 20 30 40 a0 50 70 80
Bpems, yacbl oT Havana 02.12.1997

Puc.1.10. Bepxuuii rpaduk (0) — MukpoceiicMudeckue KoneOaHus Ha ceiiCMOCTaHIIMU
I[TerponasnoBck-Kamyarckuid, 3amuck mupokonoaocHoi cranuumu IRIS nocne ycpennenus u
nepexona k 10-cekyumusiM orcueram, 30039 orcueros; rpaduku (1-9) — pasioxenue mo
nepBbIM 9 YPOBHSIM JIETaIbHOCTH C UCTIONB30BaHUEM cuMiieTa 14-To mopsiaka.

PaccmorpuM B KadecTBe IpHUMeEpa OpPTOTOHAIbHBIM BEWBIICT-aHAIU3 3allUCH
MHUKpOCeHCMUYeCKHUX KoJieOaHmii mmpokononocHo crannuei IRIS B ITerponasnoscke-
Kamuarckom, caenaHHbix 3a 3.5 cyrok mnepen KpoHouUkMM 3amieTpsiceHHMEM Ha
Kamuarke (05.12.1997, wmaruuryma 7.8) (CoGoneB wu gp., 2005). Yacrora
JUCKpeTu3auu ucxoqHoi 3anucu paBHa 20 I'm. Ha BepxHem rpaduke, momMeueHHBIM
mudpoit «0» ua puc.1.10 nmpencraBineHs! JaHHBIE TIOCE YCPEAHEHUS U IPOPESIKUBAHUS B
200 pa3, To ecth mocie mepexoma K 10-cekyHaHBIM oTcuyeTaM. HW3KO4YacTOTHBIC
KOJIEOAHUSI — 3TO peakiys MIHMPOKONOJIOCHOIO ceCMOMeTpa Ha NMPWJIMBHBIE HAKJIOHBI
3eMHOM noBepxHocTH. Hirke, Ha rpadukax noMedeHHbIX nudpamu 1-9, mpencrapieHb
BEHBJICT-KOMIIOHEHTBl ~ PA3JIOKEHUS A TepBeIX 9  ypOBHEW  JETaIbHOCTH
cooTBeTcTBeHHO. Mcnonb3oBancs cumier 14-ro mopsaka, HalWJAEHHBI U3 MUHUMYyMa

SHTPOMHH PACHpPEEIeHUs KBaAPAaTOB BEHBIET-KOAPGUIIMEHTOB HA MEPBBIX 9 YPOBHAX
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netanbHOCTH. [lpuMeuarenbHass OCOOEHHOCTH ATOTO PA3IOKEHUS — HAIUYHE
HHU3KOYACTOTHBIX BCIUIECKOB (YpOBHM, Ha4yWHasi C 4-ro), W3 KOTOPBHIX Haubolee
WHTCHCHBEH B OKPECTHOCTH MOMEHTa BpeMeHH 54 wyaca. Ha mepBbIX 2-X ypOBHSX

JETaJIbHOCTH MOKHO MIPOCIICAUTH PA3BUTHE MUKPOCEHCMHUUECKUX OYpb.
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Bpems, yacbkl ot Hadana 02.12.1997

Puc.1.11. I'paduku (1-36) — BeliBiIeT-MaKeTHOE Pa3iokKEeHHEe MUKPOCEHCMUYECKIX
konebanmit (puc.1.10, rpaduk 0) mepBbix 9 ypoBHEH NETATBHOCTH C PACHICIIICHUEM KaXIOTO
YpOBHS Ha 4 TIOypOBHS C UCIOJIb30BaHMeM cumiieta 14-ro mopsiaka. PasmoskeHre 4acTOTHO-
YIOPSAJOYEHO ¢ YOBIBAHHEM YacTOT CBEPXY BHH3.

Ha puc.1.11 npexacraBieH pe3yibTaT BEHBIET-TIAKETHOTO PA3JIOKEHUS MEPBHIX 9
YPOBHEH NETaJbHOCTH C paclleIUIEHMEeM KaXJIoro ypoBHsA Ha 4 moaypoBHs. Mrtoro,
olmiee 4uciaO Bcex MOAYypoBHEH paBHO 36. OTH BelBleT-NAKeTHbIE KOMIIOHEHTBI
YaCTOTHO YTNOPSAJOYEHBI COOTBETCTBEHHO HoMepy rpaduka Ha puc.l.1l. Kaxnas
nocJyiefioBaTeIbHas rpynna 13 4eTblpex rpauKoB AAaeT MPEJCTaBICHUE PACIICTIICHUS

KaXJI0TO U3 ypoBHEW. IIpenmyiecTBO BEMBIET-TAKETHOIO Pa3I0KEHUS 110 CPABHEHUIO
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¢ OoOBIUHBIM, MpejacTaBieHHBIM Ha puc.l.10, 3akmogaercs B 601ee TOHKOM YaCTOTHOM
paspemieHnd. B 4WacTHOCTH, Ha TOAYPOBHSX C HOoMepamu OT 12-ro mo 19-i cramno
3aMETHO €Ille OJHO HHU3KOYACTOTHOE COOBITHE B OKPECTHOCTH MOMEHTa BpeMeHH /6

JacCoB.
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BpemaA, vyacbl oT Havyana 02.12.1997
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[ecaTnyHbin norapngm macwraba, vacol

-1.20

Puc.1.12. JIlnarpamma JecsITHIHBIX JTOTapu(MOB MOIYJIeH MOAU(DUIINPOBAHHBIX BEHBIIET-
MaKETHBIX KO3 (OUIIMEHTOB IPH PACIICIUICHHH YPOBHEH aeTanbHOCTH 4-9 3amucu B
IMerponasnoBcke-Kamuarckom (mocie nepexona k 10-cekyHaHbIM omnpocam) B 8 pas.
Cumier 14-ro mopska.

Ha pwuc.1.12 npencraBnensl «smuku ['eiizenOepra» - MoauduUIIMpOBaHHBIC
BEUBIET-MIAaKETHBIE KOI(PPHUIIMEHTHI 71 YPOBHEH JeTanbHOCTU ¢ 4-ro 1o 9-if mpu ere
Ooree AeTanbHOM PACIISIUICHUN Ka)XJI0ro YpoBHs Ha 8 moaypoBHeil. HuskouacToTHBIC
COOBITUSI B OKPECTHOCTH 54 W 76 4acoB, O KOTOPHIX T'OBOPWJIOCH BBIIIE, HA 3TOM
JiarpaMMe OTYETIMBO BBIJCISIOTCS 10 YBEIMYEHHUIO WHTEHCHBHOCTH 3aKpallluBaHUS
COOTBETCTBYIOIIUX SIIUKOB. Kpome Toro, ata quarpamma mo3BOJISIET HAMTH elle OTHY
OCOOCHHOCTh  JIaHHBIX —  yBEJIMYEHHE  MOIIHOCTH  KojebaHuid  amsa  2-X
MPEUMYIIECTBEHHBIX MAacmTaboB — 2 TEMHBIC IOJIOCHI JUIsl 3HAYCHHUN Jorapu(MOB B
okpectHoctn -0.45 wm -0.15. Bonee To4Has oleHKa 3THX MacIITa0OB CielilaHa Ha
OCHOBaHMM  aHanmm3a  Tpaduka  3HAYEHWH  KBAAPATOB  BEHMBJIET-TIAKETHBIX
K03 PHUIIMEHTOB, YCpPEIHEHHBIX BHYTPU KaXKIOTO MOIYPOBHs (BEHBJIET-TIAKSTHBIM
crektp). Tam BbIsiBIIeHO 2 uKa Ha Maciitadbax 22 u 40 MuHyT.

JI1st yTOUHEHUST XapaKTepa 3THX HU3KOYACTOTHBIX MHUKPOCEHCMHYECKUX KOJIeOaHU
OBLIO MpoOBeneHO elle Ooliee TyOOKOoe yCpeAHEeHUe U MpopekuBaHue nanHeix B 1200

pa3, 4TO SKBUBAJIEHTHO Mepexoay K 1-MUHYTHBIM OTCUETaM.
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Bpemsa, yackl oT Hadana 02.12.1997

Puc.1.13. (a), TOHKAs TUHUS — MUKpOCEHCMUYEeCKUe KoNieOaHus Ha CeiicMOCTaHIIUN
[TerpomaBmoBck-Kamaarckuii, 3amuch mmpoxronoiaocHoi cranmuil IRIS mocne yepennenns u
nepexoja K MUHYyTHbIM oTcuetaM, 5006 0TcYeToB; TOJICTast TUHUS — FayCCOBCKHUI TPEHI C
pamuycom ycpeauenust 30 orcueTos; (6) — ocTaTOK MOCIHE yAaaeHus TpeH a; (B) — pe3yabTaT
moporoBoi ¢puibTpanuu ¢ yposHeM cxxkatus « =0.9, Betisier Jlobemu 4-ro nopsiaka.

Ha pwuc.1.13(a) mnpencraBieH rpaduk STOr0 YCPEIHCHHOTO CHUTHAjda H €ro
rayCCOBCKMH TpEeHJ, OICHEHHBIH miusi pamuyca ycpenHenus 30 oOTcueToB, a Ha
puc.1.13(6) — rpaduk curHaga mociie UCKIIOYEHHMsT HU3KOYaCTOTHOTO TpeHaa. Ha Hem
BUJIHBl  TEPUOJUYCCKHE AaCHUMMETPUYHbIe KojebaHus (C  MPEUMYIIECCTBEHHBIM
OTKJIOHGHHWEM BHH3), HaYMHAas C MOMEHTa BpeMeHu 25 yacoB. Jlns ynaneHus mryma
Obula MpUMEHEHa TOoporoBas HenuHelHas (uiabTpamms. ONTHMAaIbHBIN BEHBIET s
9TUX JaHHBIX ObUT ompexaeneH kak JloOemm 4-ro mopsiaka. [[ns Hero mopor ckatus

Jonoxo-J/xxoncrona « =0.9783, HO pe3ynbTaT NPUMEHCHHSI OKAa3aJiCs CIIUIIKOM
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«OKECTKHM», TO €CTh, OBLIO YJAJIEHO MHOTO KOX(PQPHUIMEHTOB M PE3yJIbTHPYIOLIHMA
CHUTHAJI OKa3ajCsl CIMIIKOM oOeqHeHHbIM. [loaToMy 3HaueHHEe « TOCTENEeHHO
noHMXajaock 1 0bu10 BeIOpano « =0.90. [l sToro BapuaHTa MoporoBoi (GpUIBTPAILIUH
pesyibrar mnpeacraBieH Ha puc.1.13(B), Ha KOTOpOM TMEepHOAMYECKAs CTPYKTypa

MOCJICA0BATCIIBHOCTH AaCUMMCETPHUYHBIX UMITYJIBCOB BUHA 0oJiee OTUYETIIMBO.

1.7. Mepa HecTALIMOHAPHOCTH.

[Ipn wnccnenoBaHWM CHIIBHO 3aIIyMJICHHBIX BPEMEHHBIX DSAJOB IOJIE3HO HMETh
HEKOTOPYIO CTAaTHUCTUKY, NAlOIIyl0 KOJIWYECTBEHHYIO MEpY pa3lIuuusl MOBEACHUS
CUTHaJIa cjieBa M CIpaBa OT pacCMAaTPUBAEMOM TOUKH. 3a7a4ya MOCTPOCHUS TaKOH MephbI
TECHO CBSI3aHO C 3a7adell 0 pas3iajiKke — ONpPEaeSICHNUsI TAKOTO MOMEHTA BPEMEHH, KOr/ia
CTaTUCTHYECKUE CBOWCTBA CUTHAJIA CYIIECTBEHHO U3MEHIINCH. [ peneHus 3aqauu o
pasiajKe TPaJUIMOHHO MIMPOKO MPUMEHSIIHCh Mojnenu aBToperpeccuu (boponkuw,
Motns, 1976; Hukudopos, 1983; OOnapyxeHHEe H3MEHEHHUS CBOWCTB CUTHAJOB...,
1989). IloctpoeHre Mepbl HECTAMOHAPHOCTH OTJIMYACTCS OT 3a7add O pas3iajke,
IIOCKOJIbKY B TIOCJIETHEH Ba)KHBIM TpeOOBAHUEM SIBIISCTCS HAHCKOpeiiee 00HApYKEHUS
(axTa pe3Koro N3MEHEHHs CBOWCTB, IO Mepe MOCTYIUICHHUSI HOBOW MH(OpManuy.

Jns  oOHapyeHMs  WHTEpBAJIOB  BPEMEHM  WMHTEHCHUBHOW  MEPECTPOMKH
BBICOKOYACTOTHOHM CTPYKTYPhI H3y4aeMBIX MPOLECCOB MCTIONIB3YETCS METOJ, COCTOSIIHIIA
B OIEHKE I1apaMETPOB aBTOPETPECCHOHHONW MOETH B JBOWHOM CKOJB3SIIEM

BpeMeHHOM OkHe. [lycth X(t) — mM3ydaeMblil CKaIsPHBIA CHUTHAN TOCIE YCTPAHEHUS U3

HEro HU3KOYAaCTOTHBIX COCTAaBIAIOIIMX, T.€. YACTOT, IEPUOABI KOTOPBIX COU3MEPHUMBI C
L — mosIoBHMHOM JUIMHBI CKOJIB3SIILIETO BPEMEHHOT0 OKHA. IlycTh 7 — LeHTp ABOHHOrO
CKOJIB3SILIETO BPEMEHHOTO OKHA, B KOTOPOE, TEM CaMbIM, BXOJAT BPEMEHHBIC OTCUETHI
t, yaosnerBopsitoiue ycinouio 7 —L <t<rz+L:

Jlnst 1eBoM M MpaBOW IOJOBUH OKHA IOCTPOMM CKAJSIPHYIO aBTOPETPECCHOHHYIO

mozenb curHana X(t) tuma (1.3.1), koTopyro cpa3y 3amuiieM B KOMIAKTHOH (opme,
anamoruynoii (1.3.3):
X(t)=c'Y () +e(t), Y(t)=(-x(t-1),..,~x(t-p)D)", c=(a,.. ap,d)T (1.7.2)
IMonuelii BekTOp MapameTpoB Mojenn ecth 6= (c',0)', rme o’ — mucmepcus
ocratka &(t) momenu (1.3.1). OrieHnBas MOJEIb HE3ABUCUMO 10 BHIOOPKAM, MOTMABIIUM
B JICBYIO U TIPABYIO MMOJOBHHBI JBOMHOTO CKOJIB3SIIETO BPEMEHHOTO OKHA, MOTyYHM JIBa

BekTOpa mapametpos. 6P u 6'” cooTBETCTBEHHO, KOTOPHIE BHIYMCIISIOTCS, JUIS JIEBOI

MOJIOBMHBI OKHA CJIEAYIOIUM 00pa3oM, Hampumep, corsnacHo ¢opmyiaam (1.3.4) wiu
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mertonoM Bypra. O6o3naunm A =0% —6Y - pasHumy Mexmy BEKTOpaMH OLECHOK Ha
JIEBOM 1 MIPaBOM MOJOBUHAX CKOJB3SIIETO BPEMEHHOTO OKHA.

Ecnu noseneHue BBICOKOYAaCTOTHON COCTABIIAIOLICH M3Yy4aeMOI'0 CUTHAJIa Ha JIEBOU
U TpaBOM MOJIOBMHAX CWJIBHO Pa3iHyaloTcs, TO OyJeT yBelIW4YuBaThCcs pasHuia A6 .
Jlnsa «B3BemuBaHus» BekTopa A@ B KadecTBEe METPUUYECKONW MAaTpPHUIbl JIOTUYHO
UCTONBb30BaTh Matpully duiiepa, MOCKOJIBKY OHA OMpPENeNsieT CKOPOCTb W3MEHEHHS
norapumudeckoil QyHKIMH TPABAONON00US B OKPECTHOCTH TOYKH MaKCHMyMa IO

napameTpam:

O’D 1 .
B=——p5g M@ =~(L=p)n(e)--— Zt:(x(t) —cTY (1)) (1.7.2)

- MaTpUIlbl BTOPBHIX MPOW3BOAHBIX IO MapaMeTpaM OT YCIOBHOH JOrapupMHUYECKOU
QYHKIME PaBIOIION06HS aBTOperpeccHoHHoN Monend. O6o3Haunm uepes BY u B
MaTpHIIbl, BBIYMCICHHBIC TI0 JICBOH W TIPaBOM IOJOBHHAM CKOJB3SIIETO OKHA

COOTBETCTBEHHO. Torma Mepoil HecTalMOHApHOCTH ToBeneHus mpormecca X(t) B
CUMMETPHYHON OKPECTHOCTH TOYKU 7 OyJeT BeJTHMYMHA:

r’(r) = (A0'BYAG+ AOTBPAG) I(2(L - p)) (1.7.3)

B dopmyne (1.7.3) momycymMma JIMH BEKTOpa pa3HOCTH mapameTpoB Ad,

M3MepsAeMbIX ¢ romolnbio MeTpudeckux Matpur, B u B nemmtcs ma (L—p) —

YUCJI0 OTCUETOB B JICBOU U HpaBOI\/JI HJacTAaX CKOJIB3AIICIO OKHa 3a BBIYCTOM YHUCIIA
ABTOPETPECCUOHHBIX TapamMeTpoB.  Takas MeTpuKa OOECIIEYMBACT ECTECTBEHHYIO
0e3pa3MepHy0 Mepy HECTalMOHAPHOCTHU TOBEACHHUS UCCIeNyeMoro curuaia. [lposens

HECJIOKHBIC BBIKJIAJIKHU, HCTPYAHO IIOJIYYHTh CJIICAYIOIICE BHIPAKCHUCE!

Aoy ) AcT (ZY(t)YT (t)Ac 4AcTAaZg(t)Y (t)

AG'BAO= —— - + -
o o (L-p) o’ (L-p)

(1.7.4)

M0JIE3HOE TPH BBIYKMCIICHUH 3HAYCHUS MEPbI HecTanmoHapHocTH. B pabore (JIroOymun
u gp., 1999) mepa (1.7.3) npumeHsuiach Ui BBIICJICHUS AHOMAJHUM IMOBEICHHUS
BBICOKOYACTOTHBIX BapHalldii yPOBHEH IMOJ3EMHBIX BOJ B TPYIIE BOJIOHOCHBIX
ropu30HTOB B MockBe 1 MOCKOBCKOW 00J1acTH.

Ha ©pwuc.1.14 nmnpencraBieHbl pe3yabTaThl  BBIYMCIECHHS  OBOJIOIUH  MEPHI
HECTAIMOHAPHOCTU JUIS OJHOTO M3 CaMbIX HM3BECTHBIX KIMMATHYECKUX BPEMEHHBIX

PSIOB — KOJIEIl POCTa TOPHBIX OCTHCTHIX coceH B Kamnpopuun Ha Beicote 2805 M Hag
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ypoBHEM MoOps ¢ Teorpadpudeckumu koopauHaTamu 37.26 rpaxa. CII, 118.10 rpax. 3/1.
DTOT ACHAPOXPOHOJOTHUECKUN BpeMEHHOW psa (MId MPOCTO ICHIAPOXPOHOIIOTHS)
3anuMaeT uHTepBai BpemeHdu oT —6000 r. mo 1979 r. m HOCHUT crelrManbHOEC Ha3BaHHE
«tporia Madycauna», aBrop — J[. I'peitoun (Methuselah Walk Pilo). Psin cBoGomno
noctyrneH B VHTepHETe 1O HECKOJBKMM ajpecaMm, B dYacTHOCTH http://www-

personal.buseco.monash.edu.au/~hyndman/TSDL/. TlockonbKy COCHBI, IO Cpe3aMm

KOTOPBIX CTPOMJICS s, POCIM Ha IPaHUIIE HIKHETO apeaja paclpoCTPaHEHHS ITOTO
BUJA, TO BapuUallMK psAa OTpaKaloT CHIIy 3acyx Ha tore CeB. AMEpUKU U, KOCBEHHO,
BapHalMil KJMMara Ha KOHTHHEHTE. ODTOT BpPEMEHHOH pSIl SABISETCS OOBEKTOM
JICTAIbHOTO U3YYCHUS JIJIsl MHOTHX aBTOpoB, Hanpumep (MonuH, Coneukun, 2005), rae
NOAPOOHO M3y4YeHA €ro YaCTOTHO-BPEMEHHAs CTPYKTypa C IOMOIIBIO HEMPEpPBIBHBIX

BeliBieT-npeoOpazoBanmii Mopiie 1 «MEKCUKaHCKasl HIIsIa.

(a)
016 -
012 4 ©

0.08

0.04

0 y T y T y T y T y T y T y T
-6000 -5000 -4000 -3000 -2000 -1000 0 1000 oAbl

Puc.1.14. (a), ToHKast TUHUS — JCHAPOXPOHOJIOTHS CPE30B OCTUCTOM cocHbl B Kanudopuuu,
6000 r. 7o H.3. —1979 r.; ToNCTast TUHMS — FAYCCOBCKOE SIACPHOE ycpenHenue ¢ pagmycom 10
aeT; (0) — 9BOJIOLUS MEpPBI HECTAIIHOHAPHOCTH, OIICHEHHOH B JIBOMHOM CKOJIB3SIILEM OKHE
pamuyca 500 et ¢ momomnsio AR(2)-Momen.

Ha rpadpuxe 1.14(a) Tonkoii nuuued mpenctaBieH cam psa (7980 orcueroB ¢
maroM 1 Trom), a TOJNCTOMl — €ro CriaXKCHHbIC 3HAYCHHUS C IOMOIIBIO SIACPHOTO
rayccoBckoro ycpenHenus ¢ pamuycom 10 ner. Ha rpaduxe 1.14(6) mpencraBieHa
HBOJIIOIMSI MEPbl HECTAIMOHAPHOCTH, BBIYHMCICHHAs B JBOMHOM CKOJIB3SIIEM OKHE

pammyca 500 nmeT ¢ mMCHoib30BaHWE aBTOPETPECCHH BTOPOTO TOpsiaka. Takoi BeIOOp
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ABTOPETPECCUOHHON MOJeTH OOYyCIIOBJICH TeM, 4TO 2-W TOPSJAOK — MHUHUMAJbHBIH,
KOTOPBIN CIIOCOOCH OIMKCHIBATH CTOXACTHYECKUE KoJieOaHUs (MOXKET UMETh MaKCHMYM
TEOPETUYECKOT0 CIEKTpa BHYTPU HMHTEpBala JOMYCTHMbBIX YacToT). [IMKH Mepsl
HECTAIMOHAPHOCTU COOTBETCTBYIOT KPHUTUYECKMM TOYKAM CMEHBI THUIMA MOBEICHHS
CHTHaJIa CjieBa U CIIpaBa OT Hee Ha paccMarpuBaeMoM BpemenHoM Maciurade (500 ner).
Ha pu.1.14(0) MOXHO 3aMeTHTh /-8 TPy MaKCUMyMOB, TOCIEIHSS U3 KOTOPBIX

MPUXOIUTCS Ha KoHell 14-ro Beka.

1.8. MyabTu(dpakTaabHbIii aHAIU3, CHIEKTP CUHTYJISPHOCTH, OCTOSIHHAS

Xepcra.

AHanu3 ¢pakTalbHBIX W MYyJIbTU(QPAKTAIBHBIX CBONCTB BPEMEHHBIX PSIOB
MOHUTOPHHIA SIBJIIETCSI OAHUM M3 NEPCHEKTHBHBIX HANPABICHUN aHajdM3a JaHHBIX B
¢busuke TBepaoi 3emin, Meteoposioruu, ruaponorun (CmupHoB u ap., 2005; Currenti
et al., 2005; Ramirez-Rojas et al., 2005; Telesca et al., 2005; Turcotte, 1997). Dto
00yCIIOBJIEHO CIIOCOOHOCTHIO (hPaKTAIBHOTO aHAIM3a HCCIEA0BATh CUTHAIIBI, KOTOPHIE C
TOYKU 3pPEHHS KOBAapUAIMOHHONW M CIEKTPaJbHON TEOpUHU SBIAIOTCA He Ooyiee uem
OenbIM IIyMOM JH00 OpOyHOBCKHMM ABIKeHHEeM. OHON U3 MEepBBIX padoT MO aHAIHU3Y
(bpakTalbHBIX CBONCTB BPEMEHHBIX pAIOB SBISIIOTCS pabOThl aMEPUKAHCKOIO
rujposiora XepcTa Mo UCCIEJOBAHUIO CPEIHErOJJ0BOI0 peXUMa pacxo/ia BoJbl B peKax

(Hurst, 1951; Feder, 1988; Mandelbrot, Wallis, 1969). Dmmupuyeckuii 3akon Xepcra
. H
3aKJIF0YaeTcsl B BbIMONHEHUH cooTHomeHus: R(7)/o(z)~7", rtne R(r) - pasuuia
MEKIy MaKCHUMAJIbHBIMH M MUHHUMATbHBIMU 3HAUCHHUSIMHU MpPUpAIICHUNA HAOII01aeMOi
BEJIMYMHBI HA BPEMEHHOM WMHTEpBalie JUIMHOW 7, o(7) - CTaHAApPTHOE OTKJIOHCHHE,
0<H <1 - mocrosiHHas, 3HaYCHUE KOTOPOM I OONBIIMHCTBA METCOPOJIOTHUCCKHUX U
THIIPOJIOTUYECKUX HaOmoaeHnid Jexxut B okpectHoctd 0.7. ns caMomomoOHOTOo
npoiiecca x(t) cperaHee 3HAYCHU I KBajpaTa npUpaneHUH

M{| x(t +5t) = x(t) P} ~| St ", a 3aBuCEMOCTB crieKTpa MOIIHOCTH OT YacTOTBI HOCHT

—(2H+1)

CTeTIeHHO# Xapakrep S,, (@) ~ @ ,0—0.

JanpHeimee 0000meHHe 3TOW MOJEIHW COCTOUT B JOIMYIICHUU 3aBHCHMOCTH

MOCTOSIHHOM XepcTa OT BPEMEHH, TO €CTh B PACCMOTPEHHH TaKOTO CIy4aiiHOro
nponecca, g kotoporo  M{|x(t+ot)—x(t) [}~ |ot" P, 0<H({t)<1. Dro
0606mienne Obu10 mpemiokeno Manaeasoporom (Mandelbrot, Van Ness, 1968;

Mandelbrot, 1982; Feder, 1988) u Ha3BaHO MyIbTH(PAKTAIEHBIM OpPOYHOBCKUM
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ABMIKCHUCM, KOTOPOC OIMUCBIBACTCA IIIOTHOCTHIO PACIPCACICHUA BEPOATHOCTHU TCX HIINU

uHbIX 3HaueHud H(t) — T.H. MyTbTH(PAKTATEHBIM CIIEKTPOM CHHTYJSPHOCTH. CHEKTp

CHUHTYJIIPHOCTH MpeACTaBISET cobou MH()OPMATHUBHYIO CTaTUCTHKY,
XapaKTEePU3YIOUIYI0 PEXKUM Xa0TUYECKUX (PIyKTyanuid HabIt01aeMOi BETUYHHBI.

B Hacrosiiiee Bpemsi CyIIecTBYIOT 2 MOAX0Aa ISl OUEHKU CHIEKTPOB CUHTYJISIPHOCTH
BpeMeHHOro psna. IlepBblii METOJ MOSBWICA paHbIIE M OCHOBAaH Ha aHalu3e Lenen
TOYEK MaKCUMyMa MOJyJIel HENmpephIBHBIX BEHBIET-NIPEOOpa3OBaHUl C BEHBIIETAMHU,
OOBIYHO paBHBIMM NPOU3BOJHOW TOW WM HMHOM cTeneHH OT (PYHKUMU TUIOTHOCTH
pacnpenenenus ['aycca (Bacry et al., 1993; Mallat, 1998; Muzy, 1994). Bropoii noaxo
Oonee OJM30K K TeXHUKE XepcTa U OCHOBAaH Ha aHAIN3€ 3aBUCUMOCTU CTaHIAPTHOTO
OTKJIOHCHHS WJIM pa3Maxa BEIOOPKH OT e¢ JUIMHBL. B mocneanee BpeMs ObUT pa3paboTaH
W aKTUBHO TIPUMEHSETCS B PA3IUYHBIX MPWIOKEHUSX METOJ aHanmu3a (QIyKryanuu
ocJjie MCKITIOYEHHsT MacIITabHO-3aBHCHMBIX TpeHaoB — Detrended Fluctuation Analysis
(DFA) (Kantelhardt et al., 2002, 2003). CpaBHUTEIbHBIN OMBIT MPUMEHEHUSI METOJIOB
nokasbiBaeT, 4ro Metroq DFA sBisercs Oojiee HaleKHBIM U yCTOMYMBBIM. B TO ke
BpeMsl JJIsl CIIEUAIIBHOTO BUJAa CAMOIIOI00HBIX CUTHAJIOB, KOTOPBIE MOTYT COJEpKaTh
IUIATO  TOCTOSIHHBIX ~ 3HAYEeHWH  (THUMA  M3BECTHOW  «YEPTOBOH  JIECTHHIIBI»,
KOHCTPYHPYEeMO# Ha 0a3e KaHTOPOBCKOIO MHOXecTBa), Meroq DFA HenpuMmeHuUM U
OIICHKa, OCHOBaHHAs Ha  HEMNPEPHIBHBIX  BEHBIET-IPEOOpPA3OBaHUSAX, HUMEET
npeumyiiectBa. Hwuke Oyner wucnosnb3oBaH Toiibko DFA U KpaTKO NpUBEICHBI
OCHOBHBIE KOHCTPYKIIMHA METO/Ia.

ITycts X(t) — cmyuwaiinelidi npomecc. OmpenenuM B KadecTBe Mepbl iy (t,0)
noBencHuss curHanma X(t) wa wHTepBane [t,t+0] Moaydap ero mpupanicHHS:
4, (t,0) = X(t+0) — x(t) | n BBIUHCINM CcpenHee 3HaYeHNEe MOYJIIS TAKUX MEp B CTEICHH
q:

M (5, 0) = M{(x,(t,5))"} (1.8.1)

CnydaiiHplii  TpollecC  Ha3bIBA€TCS  MacCIITaOHO-UHBAPHAHTHBIM, eCITH
M (5,9) ~| 5| pu & — 0, To ecTh CyIIECTBYET MpEE:

p(@) = lim % (18.2)

3amernm, 4to B onpexaenenun (1.8.1-1.8.2) Bemmumna Mepsr 4, (t,0) MoxeT OBITH

B34Ta TAKIKC KaK pa3dMax, 4TO OIMKeE K TPAAULTUOHHBIM KOHCTPYKIHUAM XepCTa:

4, (t,6) = max x(u)— min x(u) (1.8.3)

t<u<t+8 t<ust+s
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Eciu  3aBucumocthb yol (o)) SBIIICTCS ~ JIMHEHHOM: p(@)=Hq, rme
H =const,0<H <1, To nporecc Ha3zpBaeTcsi MOHO(paKTanbHBIM. B 9acTHOCTH, aJist
KJlaccudeckoro OpoyHoBckoro nBmwkenus H =0.5. BosBenenue B creneHb
MOTYEPKUBACT Pa3IMYHbIC THITHI IOBEJCHHUS CUTHANA: eciii (> 0, To B 3HAaYCHUE MEPHI

(1.8.1) ocHOBHOI#1 BKJIa/Ji BHOCST MHTEPBAJIbl BPDEMEHHU C OOJIBIIUMH OTKJIOHCHUSMH OT

TpeHaa, a eciau ( <0, To MHTEPBAJIBI BPDEMEHU C MaJIbIMH BapUaIHsIMHU.

s BerumciaeHus ¢yHkuud o(() MO KOHEUHOW BBIOOPKE M3 BPEMEHHOIO psiaa
X(t),t=1,...,N moxuo npumenuts metoq DFA (Kantelhardt et al., 2002). Ilycts S -
YHCJIO OTCUETOB, ACCOLUHMPOBAHHOE C BapbUPYEMbIM MaclmITaboM J,: O, =SAt.
Pa300beM BBIOOPKY Ha HEMEPECEKAIOIINECS] MAJIbIe HHTEPBAIbI JJTHHON S OTCUETOB!

19 ={t:1+(k-Ds<t<ks, k=1..,[N/s]} (1.8.4)
U IyCTh
yO M) =x((k-Ds+t), t=1..5s (1.8.5)
ydacTok BpemeHHOro psaja X(t), coorserctyrommit uarepsany 1. IMycts pP™(t) -
MOJIMHOM TOpsiIKA M, MOJOTHAHHBI METOIOM HAaWMEHBIINX KBAJAPAaTOB K CHUTHAIY
y& (t) . PaccMOTpUM OTKIIOHEHHUS OT JIOKAJILHOTO TPEH/IA!
AYEM () = yP () - pl™ (1), t=1..,s (1.8.6)

U BBIYUCJIUM 3HAUCHUEC:

1<t<s

[N/s] 1/q
Z™(q,s) = ( > (max Ay§™(t) - min AyE™ (1)) / [N /5]] (1.8.7)
k=1 =l<s

KOTOpoe GysieM paccMaTpuBaTh kak orenky ans (M (5,,q))"° . Tlporenypa ycTpanenus
TPEH/Ia Ha KQKIOM MajOM y4acTKe JJIHHOM S OTCYETOB HEOOXOAMMA B CITydac HAIHYHUS
B CHTHAJ€ TPEHIOB BHENIHETO IPOMCXOKACHUS (CE30HHBIX, TPHIMBHBIX H T.IL.).
Onpenenum teneps Gyukuuio h(Q) kak KOAPOHUIHMEHT JTUHEHHOW PErpecCHH MEXKIY
suagenusavu IN(Z™(q,s)) u In(s): 2™ (q,s) ~ s"¥. OueBumno, uto p(q) =qh(q), a
Uit MoHOdpakTanbpHoro mporecca h(q) = H = const.

Crnenyrommm maroM B MyibTH(pakTtaneHoM ananmuze (Feder, 1988) mocie

onpenencuuss GpyHkuun o(Q) SABISETCS BBIYHUCIICHHE CIIEKTpa CUHTYyIsipHocTH F (@),

KOTOPBIN SIBJsIETCSl ¢ (PpakTaibHOW pa3sMEpHOCTH MHOXECTBA TOUYEK, B OKPECTHOCTH

KOTOPBIX TOKa3zarenb I enpaepa-Jlumimmna i CiyJaiHbeix peanusanuii mporecca X(t)

paBeH « , TO €CTh TaKWX TOoueK t, mst KoTopbIx | X(t+0)—X(t)|~|o]*, o —>0.

59



CrannapTHBIN MOIX0/] COCTOUT B BBIYUCIICHUH CTaTHCTHYECKOM cyMMbl [ mb0ca:
[N/s]
W (g,s)= D (max Ay$™ (t) —min Ay ™ (t))° (1.8.8)
k=1 1<t<s 1<t<s
¥ ompesieNieHns mokasarens Maccsl 7(q) u3 yenosus W (Q,s) ~ s°%, mocne wero crextp

F () BBrumcisieTcst cormacHo Gopmyie:

Fla)= max{mqin(aq—r(q)), 0} (1.8.9)

CpaBuuBas (1.8.7) u (1.8.8), merpymno 3ameruth, uto 7(Q)= p(q)—-1=qgh(q)-1.
Takum o6paszom, F(a)=max{min(q(e—-h(q))+1,0}.
q

Jlns MoHo(paktaneHOro mporecca, korma h(q)=H =const, momydaem, uTo

F(H)=1 u F(a)=0 Va#H. B uactHOCTH, MOJIO)KCHHE W IIUPUHA HOCHTEIS

crektpa F(a), TO ecTb 3HAYCHUS Q,, Xy A =y — Oy B @ - TO 3HAUCHHE,

koTopoe noctabiser ¢ynkimuu F(a) wmakcumym: F(a')=maxF(a), sBasiorcs
o

XapaKTEPUCTUKAMH ITyMa. Benmuuny o MOXHO Ha3BaTh 0GOOMIEHHBIM TIOKA3aTeaeM

Xepcra. Jlas MOHOQpPAKTAIBHOTO CHTHANA 3HaYeHHE A JTOJKHO OBITh PaBHO HYJIIO, a
a =H . Yro xe kacaercs 3HaueHus: F(a ), To OHO paBHO (hpakTaIbHON Pa3MEPHOCTH

TOYCK, JIA OKPECTHOCTH KOTOPBIX BBIIIOJIHACTCA MacmTa6pr}0mee COOTHOIICHHEC

M(5,q) ~[ 51"

Puc.1.15 WIUIIOCTPUPYET  MOCICAOBATCIBHBIC  3TAllbl  BBIYHCIICHHA  CIICKTpPa
CUHTYJIIPHOCTU [JIA BPCMCHHOI'O psAAa 3SJICKTPOTCIUIYPUYCCKUX IOTCHIHUAJIIOB Ha

Kamuatke, nannbie B3sThI 13 Matepuana ctatbu (JIroOyma, Kombutora, 2004). Ha puc.
1.15(8) mpencraBneHsl rpaduky kak camux BenmuuH 19(Z™(Q,S)), Tak ¥ THHEHHBIX
TPEHIOB, TOJOTHAHHBIX K HUM Juiss 10 pa3iu4HbIX 3HAYCHUH CTENEHH ( JUIsl TOTO Ke

BpeMEHHOro oOkHa. HakiioH rpagukoB JMHEHHBIX TPEHAOB €CTh HHMYTO HHOE, Kak

byukuus  h(Q), mO 3HAaYCHHSAM KOTOPOM BBIYHCIACTCS IIOKa3arelib MacChl

7(q) =qgh(q) -1, a manee, cornacuo popmyse (1.8.9), u caMm CIIEKTp CUHTYIAPHOCTH.
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129 19(Z(q.s))
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Puc.1.15. (a), ToHKas JMHHUS — IPEMEP BPEMEHHOTO Pszia (31eKTPOTEITypHYECKHE
TIOTEHIUAIBI); TOJICTHIE JTUHAM — OJUHOMHUAIBHBIE TPEHIBI 4-TO TOPSIKA, TIOJ0THAHHbIE
BHYTPH HETIEPECEKAIONIMXCS HHTEPBANIOB JUTMHON S 0TCUeTOB; (6) — pasHHIA BHYTPH
MHTEPBAJIOB MEX/Ly NCXOIHBIMH JaHHBIMH U TpeHIaMu; (B) — rpadMKn 3aBHCUMOCTEN
19(Z(q,s)) or 1g(S) ¢ nogornaHHEIMYU TMHEHHBIME TPEHAAMHE JUIS TTOCIEN0BATENBHBIX

3HaueHuit crenenn ( (cBepxy Bum3): 10, 7.5, 5, 2.5, -0.05, -2.5, -5, -7.5 u -10; (r) — ciexTp
CHHTYJISIPHOCTH.

Ecnu onenuBath ciektp F (@) B cKomb3sIeM BpeMEHHOM OKHE, TO €0 3BOJIFOLHS

MOXET JaTh MH(pOpMAIHMIO 00 M3MEHEHHH CTPYKTYPHl XaOTHUECKUX IyJIbCallUil psia.
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06sraH0 F (o) =1, HO BCTpeuaroTest OkHa, 11 kKoTopeix F (o) <1. HamomuuM, 4to B

obmieM ciydae (He TONBKO /sl aHAIM3a BPEMEHHBIX psnoB) BenuuuHa F (o) paBHa

(bpakTaabHO#M pa3MepHOCTH HOCUTENS MyJbTU(pakTambHO# Mepbl (Feder, 1988). Hike
OynyT MIPOaHATH3UPOBAHBI BpEMEHHbBIC pAIBI BapHaIuii BEJIMYUH
a \Aa,F(a),a

min?' Xmax AT JaHHBIX MOHMTOPHHIA IIPHM MX OLCHKC B CKOJIB3SIICM

BPEMEHHOM OKHE. Takoil mepexoa OT UCXOJAHBIX BPEMEHHBIX PAJIOB K XapaKTePUCTUKAM
UX MYJIbTU(PAKTAIbHBIX CHEKTPOB CUHTYJISIPHOCTU SIBJISIETCSI BaXKHOM IPEIBAPUTENHHO
00paboTKOI JaHHBIX, OCBOOOXKAAIOIIMX UX OT CHEeUU(PUKH, CBA3aHHON C pa3IUYHON
buznyecKkoil mpUpoOIO, pa3MEpPHOCTHIO, MACIITa0OM HM3MEPEHUN MU, OJHOBPEMEHHO,

BBIJICTISIIOIINX CaMble OOIIUE CBOWCTBA CTATHCTUYECKUX (PITyKTyaIluid.
0.28 +

0.24 -
02 - o
0.16 -
012 -
06 -
04 -
0.2 -
08 -

06 S

04 - me

02 -
012

0.08

a04 min

0 - i i i i i i i .
-6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000
lNoapbl

Puc.1.16. Bapuanuu napaMeTpoB CIIEKTpa CHHTYISPHOCTH JISHIPOXPOHOIOTHH CPE30B
octuctoit cocanl B Kamudopamu, 6000 r. 1o H.3. —1979 1. 1IpH OIIEHKE B CKOJB3SIIIEM
BpemeHHOM okHe jiuHoi 500 nert co cmemenuem 10 nert. [To BpeMeHHOI OCH OTIIOKEHBI
3HAYCHUS] BPEMEHHBIX METOK MPABOT0 KOHIIA CKOJIB3SIIETO BPEMEHHOTO OKHA.

Ha puc.1.16 mpencraBieHbl pe3ynbTaThl aHaW3a JACHAPOXPOHOJOTMU «Tpoma

Madycanna» (puc.1l.14(a)) myTeM OICHKH CIEKTpa CHHIYJISIPHOCTH B CKOJB3SIIEM
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BpeMeHHOM okHe juHoi 500 met ¢ B3aumubiM cMenieHreM 10 met. BHyTpu kaxmoro

okHa ¢yukuus h(() oleHHMBaIach Kak HAKJIOH MPSIMON HAMIYYIIEro MPHOIMIKCHHUS

METOIOM HauMeHbIIMX KBaapaToB B 3aBucumoctd IN(Z®(qg,s)) or In(s) (BepxHmx

uHaekc «0» o3HayaeT, 4YTO TPEHJ HE YyAaUICS — TaK KaK HHU3KOYAaCTOTHBIE
COCTABJISIFOLIME B JaHHBIX UMEIOT OYCHb MAJIyI0 MOIIHOCTb) /ISl S, U3MCHSIOIIUXCS OT
MUHMMaIbHOTO 3HaueHus 20 orcyeroB 10 0.2 OT MONHOM JUTMHBI CKOJB3SILEr0 OKHA, TO
ectb 10 100 ner. I'paduku mocTpoeHsl B 3aBUCUMOCTH OT TOJIOKEHUS IPAaBOro KOHIA
ckosp3dmero okHa. lllupuHa Ao HOCHUTENs CIEKTpa CHHTYJSIPHOCTH CPaBHUTEIIBHO
MaJia, U3 4ero cjieayeT, YTO caM psiji IO CBOMM CBOWCTBaM OJIM30K K MOHO(pAKTaIy C
nokasateneM Xepcra 0.20 — cpefHUM 3HAaUYeHHMEM Bapuanuii o« . OIHAKO CyIIECTBYET
xapakTepHas Touka — okojo 1600 r. 1o H.3., KOrja HOCUTENb CHEKTPa CUHTYJISIPHOCTH
ObicTpo yBenuumwica. OTcrofia cleayer, 4To B TEUEHUE MpoMexyTka BpemeHu ot 2100
ner no 1600 ser A0 H.3. B CTPYKTYpE XAOTHUYECKUX IYJIbCAIMHA JICHAPOXPOHOJIOTHH,
OTpPXKAIOMIMX CIIy4allHble BapHAllMM KJIMMaTa, TWPOHM3OIUIN pEe3KUe W3MEHEHHUS.
AHaOTHYHBINA XapakTep UMeeT rpaduk Bapuanmuidi A sl BpeMEHHOW METKH OKOJIO
200 net 10 H.3., IpUYEM IIOCIIE HEe IIMpPUHA HOCUTEJNS BBIILIA HA CPEeIHUI ypOBEHb
0.43, 3aMeTHO mpEBBIIIAIOMUI MpeamecTBYONMi (oH. VYHIMpeHHe CIeKTpa
CHUHTYJIIPHOCTH MO>KHO MHTEPIIPETUPOBATh KaK MOSBICHUE HOBBIX CTENeHel cB0Ooa B
(ha3oBoM mpocTpaHCTBE KiMMaTa (YBeIHUeHHE Pa3HOOOpa3Hs MOBEICHHMS).

3aMeTHM, 9TO 4acTO MHTEPEC MPEICTABISIOT JIMIH BapHAINN TIOKa3aTeNss XepeTa.
B 3TOM cityuae OH MOXeT ObITh OLIEHEH HEMOCPECTBEHHO U3 ONpeAeIeHUs oKa3aTes,
naHHOro camuM aBropoM. ITycts X(t), t=1,...,N - anamusupyemsbiii BpeMEHHOM P,
L <N — munHa CKONB3ALIEr0 BPEMEHHOI'O OKHA; 7 - HOMEp OTCueTa IpaBOro KOHLA
CKOJIB3AIIET0 OKHA, TO €CTh Mbl paccMaTpuBaeéM MOMEHTBHl BpeMeHU t, KOTopble
yIOBJIETBOPSAIOT ycinoBuio 7—L+1<t<7.IlycTb S - ATMHA BHYTPEHHETO0 BPEMEHHOIO
OKHa, KOTOpPO€ HCIIONB3yeTCs BHYTPU TEKYIIEro OCHOBHOTO OKHA JUIS OMNEpaIfi
ycpenHeHus. Mbl paccMaTpuBaeM JJIMHBI BHYTPEHHUX OKOH, YJOBJIIETBOPSIOIIUE

ycnoButo: S<L/5. Ilycrs
1 S
X0 == x(u+t-1) (1.8.10)
, s &
— BbIOOpOYHAs OILIEHKA CPEIHEr0 3HAYCHUS HA WHTEpBAIC [UIMHOM S OTCYETOB,
KOTOPBIH JIEKUT BHYTPU TEKYLIErO OCHOBHOTO OKHAa M HAYMHACTCS B TOYKEe U.

Creayromuii mar coCTOUT B BBIYMCIICHUHM OTKJIOHEHHI OT cpenHero 3nadenus (1.8.10),

UX HAaKOIUICHHON CYMMbI U pa3Maxa HaKOIUICHHON CYMMBI:
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t
AXEN () = x(t)-%E), EQ @) = D AxX)(v),
=1

RY) = max £5)(t) —min &% ()

(1.8.11)

s te[u,u+s-1], ue[r—L+17-s+1]. Jlanee orleHUBAIOTCS AUCTIEPCUS M CPEIHEE

3HAYCHHC OTHOLICHHUA padMaxa K CTaHJAApTHOMY OTKJIOHCHHUIO:

s T—S+. (T)
(O'(T))z _ EZ(AX(T) (t))z, RS(r) (S) — ; Zl Rs,u
Y- At (L-s+) ,Faol

=r—L+1 s,u

(1.8.12)

[MTokazarens Xepcra H(7) B TekylieM BpEeMEHHOM OKHE OIIEHMBAETCS KaK HAaKIIOH

KPUBOI1 MpsAMOii THHeiHOH perpeccun mexay 3Hadenusmu IN(RST(s)) u In(s). Dror

croco6 dopmansHo Oosee mpoct, yem metoq DFA um TpeOyer MeHBIIHMX JJTUH OKOH,
OJTHAKO OH CWJIBHO IIOJIBEP)KEH HAJIMYWIO B CHTHAJE HHU3KOYACTOTHBIX TPEHJIOB,

KOTOPBIC CMCHIAIOT OLICHKY ITOKA3aTCIIsA XCpCTa.

1.9. CkpbIThie NEPUOIUYHOCTH B MOTOKE COOBLITHI.

AHann3 1mociegoBaTeIbHOCTEH COOBITHI SIBIIETCA METONUYECKH OOJIEE CIOMKHBIM,
yeM 00paboTKa JApyruxX TPAAUIIMOHHBIX HCTOYHHUKOB HMH(GOPMAIIMH OT CHCTEM
MOHHUTOPHUHTA B T€O(U3HKE — BPEMEHHBIX PSAIOB. JTO OOYCIOBICHO TE€M, UYTO aHAIM3
tTo4yeuyHbIx nporeccos (Cox, Lewis, 1966) He mo3BossieT HEMOCPEICTBEHHO MPUMEHHUTH
Ype3BbIUAaifHO OOTraThIii apceHal METO/OB, MapaMeTPUYECKUX MOJENed M OBICTPBIX
aJITOPUTMOB, pa3pabOTAHHBIX B TEOPUU CUTHANOB. TpPyIHOCTH COCTOUT B TOM, UTO JUIS
MPUMEHEHUS 3TUX METOJOB HEOOXOAMMO HH(OpPMAIMI0 O TOYEYHBIX MpOIeccax
NpeBapUTEeIbHO TPUBECTH K BHUJAY BPEMEHHBIX PSJI0B — IOCIEA0BATEIbHOCTEH
3HAUEHUH C 3a/1aHHBIM [IOCTOSTHHBIM I11aroM 10 BpeMeHu. PopMalbHO 3TOT NEPEXo] He
BBI3bIBACT TPYAHOCTEH, IOCKOJIbKY OH MOXET OBbITh pealu3oBaH JMOO IMyTeM
BBIUHUCIICHUS]  CPEOHUX  3HAUYeHMH OT TOW WIM  HMHOM  XapaKTePUCTHKHU
MIOCJIEI0BATEIbHOCTH COOBITUH (BBIICTUBILEHCS YHEPTUH 3eMJICTPICEHHUH, HalIpUMep) B
HENEPECEKAIOINXCSI BPEMEHHBIX OKHAaX IIOCTOSHHOM JJIMHBI, JUOO BBIYUCIICHUS
HAKOIUIEHHBIX 3HAYEHMH TeX >K€ BEJIMYMH C PaBHOMEPHBIM IIaroM IO BpEeMEHU
(kymynsTuBHBIE KpuBbie). OJHAKO MPU STOM TOJYYArONIHECsS BPEMEHHBIC PSIIbI
SBJISIIOTCS CYIIECTBEHHO HETrayCCOBBIMH U COJEPKAT WIM CHIIbHBIC BHIOPOCHI 3HAUECHUI

WK CTyIeHeoOpa3Hble 0COOCHHOCTH (JJIsi KyMYJISITHBHBIX KPHBBIX), OOYCJIOBJICHHBIC
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BPEMEHHOW HCOAHOPOJHOCTBIO  IOCJCIOBATECIBHOCTH COOBITHI  (3aTHIIBAMH |
rpynnamu). Kiiaccuueckre MeTo bl aHaIM3a CUTHAJIOB, OCHOBAHHBIC HA MCIIOIb30BaHUN
npeobpa3oBanust Pypbe U BHIYUCICHUN KOBAPHAIHiA, XOTs1 (POPMATbHO U IPUMEHUMBI K
00paboTKe TaKWX BPEMEHHBIX PSJIOB, MaTOd(PPEKTHBHBI, B CHJIy BO3HHKAIOIIUX
BCJICJICTBHE BBIOPOCOB (MITH CTYTEHEH) CHIIBHBIX CMEIICHUI OIIEHOK.

Jacke Takas pyTHHHAs OMEpanus, KaK CHCKTPAIbHBIA aHaau3, TpeOyeT
CHeIUaIbHBIX  MOAXOMOB. Hmke paccmarpuBaeTcs METON U BBIACICHHS
NEPUOUYCCKAX KOMIIOHEHT B IMOCJICIOBATEIBHOCTH COOBITUH, KOTOPBIA  OBLI
npeioxken B pabore (JlooOymmu u gp., 1998). Ilycts t,i=1..,N - Bpemena
MOCJIEIOBATEILHOCTH COOBITHIA, Habmogaembix Ha wuHTepBane (0,T]. Paccmorpum

CJIEAYIOUIYIO0 MOJENIb UHTEHCUBHOCTH, COAEPIKALLYIO IEPUOANYECKYIO0 KOMIIOHEHTY

A1) = p(L+acos(at + ) (1.9.1)

rue dacrora o, ammaryaa a,0<a<l, ¢a3ossii yron ¢, ¢ €[0,27] u MHOXUTENH
4#>0  (onmchIBalOIIMA  MyacCOHOBCKYKD  4YacTh  MHTCHCHUBHOCTH)  SIBIISIFOTCS

napamerpamMu Mojenu. Takum o00pa3oM, IyacCOHOBCKash 4acTb HWHTEHCHUBHOCTH
MOJYJIUPYETCS] TAPMOHHYECKUM KOJIeOaHHEM.
3aukcupyeM Kakoe-TO 3HadeHHe 4acToThl @ . Jlorapupmuueckas QyHKIMS

npasaomnonodus (Cox, Lewis, 1966) mis cepun HaOIIOICHHBIX COOBITHIT paBHA:

InL(u,a,¢| @)=Y In(A(t)) —]/I(s)ds =
| 0 (1.9.2)

=NIn(u)+ Z In(L+acos(at, +¢)) — uT —ﬂ—a[sin(a)T + @) —sin(e)]
t @

B3siB MmakcumyMm BoipaxkeHust (1.9.2) mo OTHOIICHHIO K TTApaMeTpy 4 HETPYAHO HAWTH

YToO:

A N
A= @)= T ) —sin@) @ (193)

[Moacrasmss (1.9.3) B popmyiy (1.9.2) monyyaem

In(L(z,a,¢|w)) = z In(L+acos(at, + @)+ N -In(z(a, | w))— N (1.9.4)

{;
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Cnenyer 3ameruth, uTo Bhipaxenue i(a=0,¢p|w)= g, =N/T sBusercs OuEHKOI

WHTEHCUBHOCTH TIpoliecca TMpH  YCJIOBHHM, YTO OH SIBIAETCS  OAHOPOJHBIM
IIyaCCOHOBCKHMM (YHCTO CITyYailHbIM).

Takum oOpa3om, mpupaiieHue JorapuPMUIecKorn QYHKIIUKA TPaBAOIOA00HUs
BCJIC/ICTBUE pPAacCMOTpeHHus Oomnee Ooraroif, 4em Ans YHUCTO CIYy4YalHOTO MOTOKA
COOBITHIA, MOAENW HWHTEHCHUBHOCTH C TapMOHUYECKOW KOMIIOHEHTOW C 3aJaHHOMI

YacTOTOH @ paBHO:

AlnL(a,p|w) = z In@+acos(at, + @)+ N -In(z(a, @ | @) 1) (1.9.5)

Ilycts
R(w)=maxAlnL(a,¢|w), 0<a<l, ¢ <[0,27] (1.9.6)
a,p

Gynkmms  (1.9.6) Moxer paccMaTpuBaThCs Kak 00OOIICHHE CIEKTpa s
HIOCJIEI0BATENBHOCTH cOOBITHH. ['paduk 3T0M (PyHKIIMH MOKa3bIBaeT HACKOJIBKO «Oojee
BBITOJTHA» TIEPHOAMYECKAsT MOJIETh MHTEHCUBHOCTH O CPAaBHEHHIO C YUCTO CIyYaiHOM
MoJenbl0.  MakcumanbHble  3HadeHus  (yHkium  (1.9.6) BBIOEHAIOT  YaCTOTHI,
MPUCYTCTBYIOIIUE B TIOTOKE COOBITHIA.

CrnenyromuM OYEBHIHBIM 00OOILICHHEM METOZA SIBJISETCS BBIYMCICHHE (DYyHKITUH

(1.9.6), ucrionp3ys HabIIOICHHBIE MOMEHTHI BpeMeHH He Ha BceM uHTepBaie (0,T], Ho

BHYTPU CKOJIB3SIILIET0 BPEMEHHOIO OKHa 3ajaHHoM JummHbl L. Ilyctb 7 — Bpems
MPaBOr0 KOHIIA CKOJIB3AIIET0 BpeMeHHOro okHa. Toraa Beipakerue (1.9.6) cranoButcs

¢yHkuuei or 2-x aprymeHToB. R(w,7|L), koTOpas MOXXeT ObITh BU3yalU3HPOBAHA B
BUJIC 2-MEPHBIX KapT WM 3-MEpPHBIX pesibe()OB HA IUIOCKOCTH apryMeHToB (@, 7). JTta

YaCTOTHO-BpEMEHHasl JuarpaMma Mo3BOJISeT UCCIEN0BaTh JMHAMUKY BOSHUKHOBEHHS U
pa3BUTUSL TEPUOJAMYECKUX KOMIIOHEHT BHYTPU UCCIEAYEMOIo TOTOKa COOBITHI
(JTroOymmH, 2002(c); Coboses, 2003, 2004; Coboses u ap., 2005).

PaccmorpuM n1Ba mpumepa IpUMEHEHUs 3TOM MeToauku. llepBeiii mpumep
OTHOCUTCSI K HCCIIEJIOBAaHHIO CEHCMHYECKOTO peXuMa B OOJBIIOW OKPECTHOCTH
anuiieHTpa 3emuerpsicenus Ha Cymatpe 26.12.2004. D10 celicMuueckoe COOBITHE —
OHO U3 caMbIX MOIIHBIX 3a nociennue 100 ner, ero marnutyaa paBHa 9. Ha
puc.1.17(a) u3o0paxkeHbl SMHUIEHTPHI BceX 3emierpsicennii B FOro-Boctounoit Asuu ¢
Marautyaoi He MeHee 4.5 u riyouHol snurenTpa He 6onee 100 km ¢ Havaa 1963 roga

0 MOMCHT 3CMIJICTPACCHUS. HaHHBIe B3IThl U3 TJIOOAIbHOM 0a3bl JaHHBIX IIO
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3eMJIETPSICEHUSM, Haxozsduencs o azpecy:

http://neic.usgs.gov/neis/epic/epic_global.html. Haunnas ¢ 1963 roma, ¢ Hayana paGoTh
I00aNbHOM CHCTEMBl CEHCMHUYECKMX HaOJroAeHui, MarHutyga 4.5 cTaHOBUTCS
CTaTHCTUYECKH 3HAYMMOM B 3TOM peruone. Ha puc.1.17(a) Gonbimm cepbiM Kpy>KKOM
0003HAYCH PMUIICHTP 3eMIICTPSICCHHS, UMeBIIMi KoopauHatel 95.85 rpax. B/l u 3.32
rpaa. CUI. IlpsMoyroibHONW paMKOW BBIJAEICHA OKPECTHOCTh 3EMIICTPSACEHHS — Kak
BUJTHO U3 PUCYHKA, OHA BechbMa 3HauuTenbHa, Mmexay 90 u 101 rpan. B/l u 3 rpaa. FOIII
u 10 rpaz. CILL

3a paccmatpuBaemblie mouty 40 et HabmoaeHni Tam npousonnio 1387 coOwiTuii ¢
MarHuTygamu cBbimie 4.5 u rioyOmHamm osmuneHtpoB He Oonee 100 kwm.
[TocnenoBaTenbHOCT 3TUX COOBITUH BMECTE€ C HMX MarHUTyJaMH HU300pa)keHa Ha
puc.1.17(6). Tlocnennee coObiTHE — ATO caMO KaTacTpo(hUUIECKOEe 3EMIICTPSCEHHUE, OHO
MOKA3aHO KaK BPEMEHHOW perep, HO BCs 00paboTKa MPOU3BOIWIACH MO COOBITHUSM
CTpPOro 0 MOMEHTa TJIaBHOro Touka. Hakowerr, Ha puc.1.17(B) u3o0pakeHa 4aCTOTHO-

BpeMeHHas auarpamma ctaTucTukd R(w,7|L), KoTopas oneHHBamach B CKOJB3SIIEM

BpemenHoM okHe JuinHOoM 1000 cytok co cmemenuem 10 cyTok ams mpoOHBIX 3HAUCHHHA
neprooB (cooTBeTcTBYIONMX Yactote @ B popmyne (1.9.1)) ot 30 mo 1000 cyrok.
3T nepuo/ibl 00pa30BBIBAIM PAaBHOMEPHYIO Jorapugmuueckyro mkaty. [Tockonbky u3
BPEMEHHOW TIOCJIEJOBATEIIbHOCTH HE YCTPAHINCHh a(TEepIIOKH, TO YacTOTHO-
BpPEMEHHAs MarpaMMa MMEET XapaKTePHYIO JIMHEHYaTYI0 CTPYKTYPY C YMEPEHHBIMH
Bcruieckamu cratucTuku (1.9.6) B ahTepIoKOBBIX CEPHSIX CUITBHBIX 3eMIIETPSCCHUH.
Huarpamma Ha puc.1.17(B) mmeer nBa cyliecTBeHHbIX Bciuiecka. OauH — Ha
makcumanbHbIX neproaax 800-1000 cyTok [uist BpeMEHHBIX METOK MTPABOT0 KOHIIA OKHA
ot 5000 no 6000 nmueit ot Hawama 1963 r. BenwuwHa 3TOrO BCIUIeCKa MpHUpAIICHUS
norapudmuueckoit ¢yHkiuu npaspononoduss paBHa 20. Btopoit u Haubomnee
3HAUUTEIbHBIA (aMIUIMTyna Bemiecka = 25.8, K COXaJeHHUIO, M3-32 HEBO3MOXKHOCTH
UCIIOJIb30BaTh I[BET 3TO HE COBCEM 4YETKO BUJIHO Ha JUarpamMMe) BO3HHUK BHYTPH
a(TepIIOKOBON Cepuu TpeabayIiiero cuibHoro 3emuerpscerus (02.11.2002, M=7.6,
mmpora=2.82, moarora=96.08), mpowmciieamero 3a 2 roga 10 KaTacTpOQbl.
XapakTepHbI MepHoja 3TOro BTOporo Bemiecka — npumepHo 250-320 cytok. Ha atux
NeproJIax 3a BCE BPEMsl pACCMOTPEHHs HE OBLJIO HU OJHOTO CTOJb )K€ 3HAYUTEIBHOTO
YBEIIMYCHUSI, HECMOTPS Ha TO, YTO 3EMIICTPSICEHHSI TAKOW CHJIBI OBUTM B peaH3allvy,
npeacraBiaeHnoi Ha puc.l.17(a). Takum o0pa3oMm, 3Ty YaCTOTHO-BPEMEHHYIO

AHOMAJIMIO MOJKHO PACCMATPUBATL KaK CBOCTO poaa MPCABCCTHUK 3CMIICTPACCHUS Ha
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Cymarpe, OETeKTHPOBAHHOTO 3a 2 Toja A0 COOBITHS, MOCIE TOrO Kak IMpaBasl 4acTb

CKOJIB3SIIIETO OKHA JOCTAaTOYHO TIyOOKO BOILIa B CEPUI0 a(pTEPIIOKOB MPEAbIAYIIETO

TOJIYKA.
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Mpaeblii KoHel, ckonb3Awero okHa gnuHoi 1000 cyT, AHM oT Hadana 1963 r.

Puc.1.17. (a) — pacnpeienieHUE AMULICHTPOB 3eMJICTPSCCHUI ¢ MAarHUTY1aMU He MeHee 4.5
riryonHamu 3rueHTpoB He 6osee 100 kM B FOro-Bocrounoii A3zum 3a nepuon 1963-2004 rr.
(ctporo mo 26.12.2004), 6oIbIIOi KPY;KOK — SIUIEHT 3emieTpsicenust Ha CyMaTpe
26.12.2004, M=9; npsMOyToJIbHUKOM BBIJIeJIeHa 00J1aCTh pACCMOTPEHUS CEHCMUYECKOTO
pexHMa 10 MOMEHTa TOJTUKa; (0) — MmociIe0BaTeIbHOCTh CEHCMUYECKHUX COOBITHIT BMECTE CO
3HAYCHUSIMH UX MarHuTyn 3a nepuon 1963-2004 rr. BHyTpH NPsIMOYTONBHOW paMKH Ha (a);
(B) — BOITIOLHSI IPUPAIIICHUS JIOTapu(pMUIECKON (yHKIUH MPaBIONOI00Us IPH OLICHKE B
ckoub3simeM okae JumHon 1000 guett ans nepuonoB ot 30 mo 1000 cyTok.



Jlis  TmpoBepKM CTATUCTHMYECKOM 3HAYMMOCTH 3TOTO TPEJBECTHUKA OblLia
crenepupoBana cepust w3 10° COOBITHI, MOMEHTBI BPEMEHH KOTOPBIX PACIpPE/IeICHbI
CIIy4aifHO, COTJIacHO pacrmpenaeneHuio [lyaccoHa ¢ MHTEHCHBHOCTBIO, paBHOW CpenHEi
UHTEHCUBHOCTH coObITHI 1.17(0) 1 as 3TO# cepuy OlIEHEHA SBOJIIONHUS MTPHPAICHHSI
norapudmuyueckoil (yHKIMHM MPaBAONOAOOMS C TEMHU K€ MapaMeTpamu, 4To U JJs
nuarpammbl Ha puc.1.17(B). B pesynbraTe MakcuManbHbIi Beruieck ctatuctuku (1.9.6)
okazancsi paBHeIM 10.8 — 5TO CBHIETENBCTBYET O CTATUCTHYECKOW 3HAYMMOCTHU
BCIUIECKA TIepe/T 3eMJIETPSICEHHEM Ha auarpamme puc.1.17(s).

3ameruMm, uto B pabore (CobGoseB, 2003), ucmomb3ys 3Ty K€ MNpOrpammy
BBIJICJICHUS] MEPUOAMYECKHX KOMIIOHEHT B CEHCMHUYECKOM pEXUMe, YyJIaloCh
oOHapyXuTh mpeaBecTHUK Kponomoro 3emierpsicenns Ha Kamuatke (M=7.8,
05.12.1997) B Buae sBomonuU meproaa Beiutecka cratucTuku (1.9.6) or Mambix
MEePHUOOB K OOJIBIINM MO Mepe MPHUOIMKEHUS CKOMNB3SIIEr0 OKHa K MOMEHTY TOJTUKA.

Crnenyroumii npumep NpUMEHEHUs: METOAa BBIACICHUS IEPUOANIECKIX KOMIIOHEHT
B IMIOTOKE COOBITHII OTHOCHUTCS K BPEMEHHOMY DSy €KEIHEBHBIX PAacXOJO0B BOJIBI B
Petine, m3mepennsix B Kenbre 3a mepuwoa ¢ 01.11.1816 mo 31.05.1997, Bcero 65956
otrcueToB. JlaHHble mpuHaiexkaT LleHTpy mo riao0anbHBIM JTaHHBIM Pacxojia peK B T.
Kobnenne, I'epmanus u O6butn 1100€3HO MPEAOCTABICHBI aBTOPY JOKTOpoM [lutepom
Ban T'enpnepom u3 Texuuueckoro ynuBepcurera TI. JenbdTsl, Hunepnangsl. Ha
puc.1.18(a) mpexacraBieH rpadguk BpemeHHOro psga. OH SBISETCS CYIIECTBEHHO
HEraycCOoBCKUM. PaccMOTpUM MOMEHTHI BPEMEHHM MaKCHMAJbHBIX PacXo/I0B BOJBbI,
MPEBOCXOSAIINX YPOBEHb, paBHBIM MeIuWaHe psAa IUIIOC YeThIpe METUaHHBIX
OTKJIOHEHUS] — 3TOT ypoBeHb oOo3HaueH Ha puc.1.18(a) ToNCTOI TOPU3OHTAIBHOI
nuHUEeH. MOMEHTBl BpEMEHHU ATHX IHKOBBIX 3HAYCHUU pacxoaa BOJBI (POPMHUPYIOT
HEKOTOPYIO TIOCJIECZI0BATEIEHOCTh COOBITHH, K N3YYEHUIO CBOWCTB KOTOPO MOXKET OBITH

IMPUMCHCH BBIILIEU3JI0KESHHBIN METO/I.
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Mpaebn KoHeL, ckoNb3AWwero okHa gnuHoi 24 roga

Puc.1.18. (a) — rpaduk execyTounsix pacxonoB Bozbl B Peiine (Kenbh) 3a mepuon 1816-
1997 rr., TOJNCTOM TOPU30HTAIBHON JTMHUEH OTMEYEH yPOBEHb, MOMEHTHI BPEMEHH MTUKOBBIX
BBIOPOCOB 32 KOTOPBIN PacCMaTPUBAIOTCS KaK TOUCUHBIH mpotiecc; (0) — 3BOTIOLHs
HPHUPAIICHUS JTOTapuPMUIECKON (yHKIUH TPaBIONOI00MS TPU OIICHKE B CKOJIB3SIIEM OKHE
IUIMHOM 24 ropa.

Ha puc.1.18(6) wu3oOpakeHa 4YacTOTHO-BPEMEHHAs JuarpamMma IpUpaIleHHs
norapumudeckoit GyHKINU MPaBIOIOA00MS TIPH OLIEHKE B CKOJIB3SAMIEM OKHE JUTHHOMN
24 rona (8766 ameii) co cmemennem 365 mueit (1 rox). MOKHO BBIIEIHTH OCHOBHYIO
OCOOCHHOCTh THJIPOJIOTUYECKOTO PEXUMA. HAIMYUE MEPHOANYECKHX KOMIIOHEHT B
MaKCUMaJbHBIX pacxojax ¢ mnepuogamu oT 4 mo 8 ner (kK 3TOMy HHTEpBay
NPUHAIICKUT «OHOIEHCKUI THAPOIOrHUecKuil ukia» Huta, paBHbIil 7 rogam), mpuyeM
MaKCUMaJIbHBIMH 3TH TIEPHUOINYECKHE KOMITIOHEHTHI OB B MHTEPBaJIbI BpeMeHu 1825-
1880 1 1905-1970 rr. (c yuerom 24-neTHeil umHbI OkHa). OnpeneneHne Hayaia Takoro
[UKJIAa MOXET OBITh MPOTHOCTUYCCKUM TMPHU3HAKOM Ui YCWICHUS OMACHOCTH
HaBOJIHEHUH.

B pa6orax (Cob6ones, 2004; CoboseB u ap., 2005) 3TOT METOA MPUMEHSIICS IS
U3YYCHHUS TEPUOAMYECKON CTPYKTYpPhl BBIOPOCOB MHUKPOCEHCMUYECKHX KOJeOaHuit

nepea CUIbHBIMHA 3CMIICTPACCHUAMMU.
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I'JTIABA 2.

METOAbI AHAJIN3 MHOT'OMEPHbBIX BPEMEHHBIX PAOB.

B 1ol Ti1aBe u3nararoTcs METOAbI aHAIIM3a MHOTOMEPHBIX CUTHAJIOB. TaKke Kak U
B TIEpBOH TIJIaBe, B MPOIECCE H3JIOKECHUS METOJbl HILTIOCTPUPYIOTCS MpHMEpaMu
00pabOTKM peaNbHBIX JAHHBIX CHCTEM MOHHTOPWHTA. PacCMOTpeHBI Clieayronue
CHUTHAJIBI. cpeHeMecsunble cToOKH Amypa (1896-1985 rr.); TpeXKOMITOHEHTHBIC 3aITUCH
celicMUYeCKUX COOBITHI B MIyOOKMX yrojbHbIX maxtax Cunesuu (Uexus); Bapuanuu
aTMOC(EpHOT0 JaBJICHHUS U YPOBHs MOJ3EMHBIX BOJ B ckBakuHax (OOHuHCK, 1986 r.;
Mocksa, 1993-2005 rr.); cpennemecstunbie cToku Peiina (1817-1996 rr.), Dab0sbr
(1851-1984 rr.) u Jlyapsr (1863-1979 rr.); BpeMeHHbIC psAabl CKOPOCTH BeTpa Ha 15
MeTeocTaHusIXx ATimaHtudeckoro mnodepexbs CIIIA (1990-1995 r1r.); exeqHEBHBbIC
croumoctu akuuii IBM, yH1mu 30510T1a, SMOHCKON MEHBI M MHTETPUPOBAHHOTO MHICKCA
Standard & Poor’s (1980-2003 rr.); cOBMeCTHBIC Bapuallly JABYX IEHIPOXPOHOJIOTHIA B
Kamupopuun u lllBenyu um pekOHCTpyKUMH 3MMHUX TeMmieparyp B I'penmanguum 3a

nepuoj 553-1975 rr.; ceticmuueckuii pesxxum Kamudopuuu (1963-2005 rr.).

2.1. F'naBHBIe KOMIIOHEHTHI, KAHOHHYECKHE KOppeasinui, GpaKTOPHBII 1

KJIACTEPHBIN aHAJIN3.

[lepeuricneHHbie B 3arojioBke Tmaparpada MeTOJbl COCTaBJISIFOT COJCPIKaHUE
KJIaCCUYECKOro MHOroMepHoro ananusa (AiiBassH u ap., 1989; Harman, 1967; Duda,
Hart, 1973; Lawley, Maxwell, 1971; Rao, 1965). ITockoyibKy 3TH MOAXOJbI ACTAIHHO
ONMHUCaHbl B KJIACCHYECKUX MOHOTpausAX MO MHOTOMEPHON CTaTUCTHUKE, HIKE OyayT
JWMIIb KPAaTKO W3J0KEHbl HMX OCHOBHBIC KOHCTPYKIIMHM, KOTOpPBIE IOHAIO0ATCS B
JaJIbHEUIIIEM.

Memoo 2nasnbix Komnonenm HauOosiee T1pocT U nomyispeH. Ilycts

YO i=1..,N - «oGmako» wu3 P -MEpHBIX BEKTOPOB pPE3YyJbTATOB HAOIIOJCHUH,
YO =(v®,.., YD) . KoMnoHeHTs BEKTOPOB MOTYT NPECTABIATh COGOH (u3nuecky

Pa3HbIC BCIIMYMUHBI U USMEPATHCA B PA3JIMYHBIX CIUMHULIAX. B »Tom cly4dac HGO6XOIH/IMO

BBITNIOJIHUTD MPEABAPUTEIHHOE HOPMANIU3YIolllee MpeoOpa3oBaHUE IaHHBIX:
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) Y_(i)_ )
xjwzw, i=1..,N;j=1..,p (2.1.1)

O

] N ]

N N
rae p; = ﬁZYi(I)’ ol = iZ(Y.(') - ,uj)z - BEIOOPOYHBIE OIICHKU CPEIHUX 3HAUCHUH U
i=1 i=1

I[I/ICHepCI/Iﬁ 1o Ka)KILOf/'I U3 KOMIIOHCHT BCKTOPOB HCXOIHBIX JadHHBIX. CJIGI[yIOH_II/IM

IIaroM sIBJISIETCSl BBIOOpPOYHAs OLIGHKA KOBapUalMOHHOW Martpuisl R,, pasmepom

p X p y COCTOHH_[CI‘/JI U3 DIJIEMEHTOB.
s =13 XOXO, Kk j=1..,p (2.1.2)
i=1

B ciydas BbImOJIHEHUS mpeABapUTENbHBIX npeobpasoBanuid (2.1.1) matpuma R,

COCTOMT W3 BBIOOPOYHBIX OIICHOK MOMAPHBIX KOI(PPHUIIMEHTOB KOPPENIALUU MEXITY
CKaJIIPHBIMH KOMITOHEHTaMU HCXOJHBIX BEKTOPOB JAHHBIX, a HAa €€ JAMAaroHalu CTOST
€IMHHUIIBI.

Paccmorpum N Benuuun 5('),i =1,..,N, ompenmensieMblx KakK CKaJIIpHOE

TIPOU3BEIcHIE BEKTOPOB MCXOIHBIX JAHHBIX Ha HeKoTophlil BekTop ¢: £V =g X,

Haiinem BekTop ¢ W3 pemieHus 3aadyd Ha MAaKCUMYM BBIOOPOYHOM OIEHKH AMCIIEPCUU

semmunH £V | Ipy yci0BUM eIMHIYHOM HOPMBI BEKTOpA ¢ -
N
2 _ 1 (1y2 Th=
ol =1 (") > max, ¢'¢=1 (2.1.3)
i=1
Pemenne 3amaun (2.1.3) nerko noiyvaeTcs METOIOM MHOXUTeNe Jlarpanxka u OHO
3aKJIIOYAeTCs B TOM, UYTO B KAaUeCTBE BEKTOpAa ¢ HANO0 B3AThb COOCTBEHHBIN BEKTOp ¢,
MaTpuisl Ry, , COOTBETCTBYIOIIUI €€ MaKCHUMalbHOMY COOCTBEHHOMY YHUCIY A,:

Ry #,=A,4,. B oTom ciyuae ckanspubie Benmuunbl £ =@ X i=1..,N nocar

Ha3BaHHWE IEPBOM TJIABHOW KOMIIOHEHTHI HMCXOJHBIX [NaHHBIX, NPUYEM MaKCHUMyM B
3agaue (2.1.3) paBeH MakKCUMalbHOMY COOCTBEHHOMY YHCIY: 0'; =A,. Ecmm
YIOPSIOUMTh COOCTBEHHBIE YMCIa MAaTpulbl Ry, mno yObBanuio: A, >4, >..24 u
0003HaYNTL 4epe3 ¢); COOCTBEHHBIH BEKTOP, COOTBETCTBYIOWMA 4ucny A;, TO
CKaJISIpHBIC BEJIMYHHBI f(ji) = ¢jTX ®i=1..,N; j=1,.., p HaseBaIOTCA | -Oif TJIABHOI
KOMIIOHEHTOM W HMMEIOT  BBIOODOYHBIE — AMCTEpCHHM, paBHbe A;. B cuny

OPTOHOPMAJIBHOCTU CUCTCMBI COOCTBEHHBIX BCKTOPOB CI/IMMGTPI/I‘IHOﬁ HCOTPULATCIILHO
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ompefieeHHON MaTpullbl R,, TIJaBHblE KOMIIOHEHTHl C pPa3IMYHBIMH HOMEpaMH
N

OPTOTOHAJILHBI JIPYT  APYTY: Z§<j”§<k” =0Vk=#]j, uro Bmeder 3a coboOd wuX
i—1

HE3aBUCHMOCTh B CIIydyae TIayCCOBCKOTO COBMECTHOTO pAacCHpEeleNeHUs HCXOTHBIX

JTAHHBIX.

OcCHOBHOE 11€J1b MCII0JIb30BAHMS TJIABHBIX KOMIIOHEHT BMECTO MCXO/HBIX COCTOMT B
YMEHBIICHUN Pa3MEPHOCTU JaHHBIX. ECIM HECKONBKO TMEPBBIX TJIABHBIX KOMIIOHEHT
3aKTI0Yal0T B cebe OOJBIIyI0 YacTh TMOJHOW AWCIEPCHHM JAHHBIX, TO MOXHO
OTPaHUYUTCS PACCMOTPEHHWEM TONBKO WX 3HaueHwd. Jlns Qopmammzanmum storo
MpaBUjIa pacCMaTPUBAIOT OTHOLICHWE CYMMBI TIEPBBIX M COOCTBEHHBIX YMCET MATPHIIBI

m p
R,x K IOJHOH cymMmMe: r(m)zz/i J. 2/1 ;- OTa BelMYMHA 10 MOCTPOCHHIO HE
j=1 j=1
IpeBOCXOIUT 1 M Mmoka3pIBaeT, Kakas A0JIs MOJTHON JUCIIEPCUN 3aKIIOUaeTCs B NEPBBIX
M TIaBHBIX KOMIIOHEHTaX. 3aMEeTHM, 4YTO €CJIM BBIMOJHEHO IPeIBaApPUTEIbHOE
npeobpazoBanue (2.1.1), TO TmTONHAas AWCIEPCHSA paBHA Pa3MEPHOCTH JIAHHBIX:
p
2/1 ; =tr(Ry) = p . Kpurepuem BrI60pa YKCIIa NIEPBBIX IIIABHBIX KOMIIOHEHT SBJISAETCS
j=1
OOBIYHO YCJIOBHE MEPBOTO IMPEBBIMICHUS BEIHMUYUHOW I(M) HEKOTOPOW KPUTHUECKOM
noJa oo1en qucnepcuu, Hanpumep 0.9.

Kanonuueckue xoppenayuu sBISOTCS 0000HIeHHEM OOBIYHOTO KO3 (duULIMeHTa
KOpPPEJSIUH Ha ClTy4yai, KOorjia BMECTO BBIOOPOK JIByX CKAJISIPHBIX CIIy4alHBIX BEIUYHH
paccMaTpuBalOTCS BBIOOPKM JBYX CIyYalHBIX BEKTOPOB pa3HOW pa3MEpHOCTH U
HEOOXOJUMO TOCTPOUTh HEKOTOPYIO MEpY, aHAJIOTMUHYK OObIYHOMY Kod(hduuMeHTy
KOppEeJsALUH, KOTOpas Morjia Obl KOJUYECTBEHHO OMHUCATh «CHUIYy» JIMHEWHBIX CBs3€il
MEXIY JByMs TONYJSALMSAMU CIy4alHBIX BEKTOPOB. OJTa KOHCTPYKIHMM Oblia

npeyiokeHa B padore (Hotelling, 1936).

IIycTh UMEIOTCS Pe3yNbTaThl HaOMOeHNH P -MepHbIX BekTopoB X, i=1..,N
U (-MEPHBIX BEKTOPOB Z9 i=1..N, MpUYeM, €ClIi 3TO HEOOXOAMMO, I HUX
BBINIOJIHEHO HOpMUpyloee mnpeodpazoBanue (2.1.1). Jlns ompeneneHHOCTH Oynem
cuutath, uto P <(. CHoBa paccMoTpumM N BenuymH f(i),i =1...,N, onpenemnsiembix
KaK CKaJsipHOE MPOU3BEACHHE BEKTOPOB HCXOIHBIX JAHHBIX HA HEKOTOPBIN [ -MEpHBIi

Bextop ¢ £V =¢ " X Ho Ha 3TOT pa3 coBMecTHO ¢ eme oHEM HaGopom N Benmunn
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¢i=1..,N, ompemenseMbIX Kak CKaIipHOE MPOM3BEICHHE BEKTOPOB HCXOJHBIX
JIAHHBIX HA HEKOTOPKIH ( -MepHsIii Bektop v : ¢V =y 120,
Haiizem HeW3BeCTHBIC BEKTOPHI ¢ ¥ i U3 YCIOBHS MakCHMyMa KBajpara MO.IYJIs

BBIGOPOUHOTO KO urmenta koppensuun mexay & u ¢

[i f:(i)g(i)jz
pl =t - max (2.1.4)
ACODACH "

Paccmorpum, Hapsagmy ¢ marpuuedl R,, pasmepom pxp, eme 2 marpuusl R,,

azmMepoM xq u R a3zMepoM P X ({ C dJIEMEHTaAMU
XZ

N

rgW =+ z0z0; rgm =43 XPzZ8; mn=1..0; k=1..p (2.15)
i=1

m !
i=1

Torna hopmyiny (2.1.4) MoxxHO nIepenucarhb B BUJE:

(¢7Rav)
. s —> max (2.1.6)
¢ Rudwv Rup oy

P

Beipakenne (2.1.6) He 3aBHCHUT OT JJIHH BEKTOpPOB ¢ Hu . [lo3TOMy MOKHO

paccmoTpeTh BMecTo (2.1.6) cienyroriyro 3ajady Ha yCJIOBHBIN MAaKCUMYM:
2
p2:(¢Tsz‘//) —)f;l?/x; ¢ Rud=1 v 'Rup=1 (2.1.7)

Pemas (2.1.7) meronmom mHOuUTenel Jlarpamxka, HETPYIHO MOJNYYUTh HEOOXOAUMBIE

yCJIOBI/ISI MaKCI/IMyMa B BUJIC.
Ryv=pRwd Ryd=pRuy, Ry :RxTz (2.1.8)

OTKY/Jla BBITEKAIOT cleAyrolue 0000IIeHHbIE 3a7jaul Ha COOCTBEHHbIE 3HAUCHHUS
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RZXR;&RXZWZPZRZZV/’ szRz_ész¢:p2Rxx¢ (2.1.9)

Ecin BBecTH HOBBIE BekTOpa U =R ;&/Z(é, w=R Z/ “w , T0 ypaBHeHus (2.1.9) MoryT GbITH

nepenucanbl B HOBOM (Qopme, Kak 3amada Ha COOCTBEHHBIC 3HAYEHUS JUIS

CUMMETPUYHBIX HEOTPHULATENBHO onpeneneHHbix Matpuy U u W pasmepom pxp u
qxq:

Uu=p’u, Wy =py
U :R;;/ZRXZR;ZLRZXR;&Z (2.1.10)
W :Rzé/szxR;&szRzé/z

Hamomuuwm, uto p < (. JlokassiBactcs (Rao, 1965), uro marpuiet U u W umeror
P OJMHAKOBBIX COOCTBEHHBIX YMCIA MEHBIIUX EIUHUIIBI pk2 k=1..,p; pk2 <1,
ocrapmecss (— P) coOCTBeHHBIX dmcen MaTpuibl W paBHBI HYJIO. YIIOPSAI0YUM
NepBbIe HEHYJICBBIE COOCTBCHHBIC YHCIA B IOPAAKE YOBIBAHHS: Of > p, 2.2 p) H
myctb U, W, K=1..,p - cobcrBennsie Bektopa Matpurr U u W , cooTBeTCTBYIOIINE
COOCTBEHHOMY YHCITY pkz. OTUM BEKTOpaM COOTBETCTBYIOT «CTapble» BEKTOPHI
¢ = R)K(zuk’l//k = Ri/zzwk'

Pemenne 3amaunm (2.1.4) naercs BekTOpamMH @, /,, COOTBETCTBYIOIINMHU
MaKCHMaJIbHOMY COOCTBEHHOMY YHCIY pf, TOMY JK€ YHCIy PaBeH MaKCUMYM

kBajipata koddduuuenta koppensuuu B (2.1.4). Benuuuna o, Ha3bIBaeTCs KBAIPaToOM

NepBOl KaHOHWYECKOM KOppesslud MexXIy BekropamMu X © Z, OHa SBIsAeTCA
KOJIMYECTBEHHOM MEpPOM «CWJIbI» JIMHEMHOW 3aBUCUMOCTH MEXIY 3THUMH CIy4alHBIMU
BekTOpamMu. CKaJsipHbIE BETUYHUHBI §(ji) :¢jTX(i) u ¢V=y2" i=1.,N,
Ha3bIBAIOTCS KAHOHUYECKMMU KOMIIOHEHTaMHU C COOTBETCTBYIOIIMMU HOMepamu | u K
Juist mapbl BekTopoB X U Z . Eciim 0003Ha4uTh yepe3 COr(X,Y) BbIOOPOYHYIO OLICHKY
Ko dUIeHTa KOppeNsIIMK MEeXAy ClaydaiiHeiMu BenmunHamu  (X,Y), To Juist

KaHOHNYCCKHUX KOMIIOHCHT BBIIIOJHAIOTCS CICAYIOIIUEC YCIIOBUA:

cor($;, &) =0y, cor(g;,y)=56y, cor(s;,¢y)=p 5 (2.1.11)
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rae 6 — cumBon KpoHekepa, paBHbIN €MHUIIE NIPU COBIAJCHUN MHIEKCOB U HYJIIO B

IPOTUBHOM CITydae.

Kanonnyeckue koppensiuu B JajibHeiieM OyJeT HEOOXOAUMBI JJsl MOCTPOSHHUS
BEHBJIETHBIX MEP CHHXPOHHOTO MOBEJICHUS U arperipoOBaHHOTO CUTHAJIA.

@DaxkmopHuulii ananu3 SBIAETCS HanOolee TOHKMM HMHCTPYMEHTOM KIIACCHUYECKHX
MHOTOMEPHBIX METOJIOB CTAaTHCTHKH. J[OBOJBHO 4acTO B MPHUKIAAHBIX 3a/adax €ro
OOBEAMHSIOT WIN IMyTAalOT C METOJOM TJIaBHBIX KOMIIOHEHT, XOTSI MEXIy HHMH €CTh
NPUHIUINAIBHOE pa3nyKe, 3aKIovarolieecs B TOM, 4To (PaKTOPHBIN aHAIU3 OCHOBaH
Ha aHaJIM3€ COBOKYMHOCTH 3HAUYEHHUH BCEX MOMAPHBIX KOPPESIUN, TOTAa KaK METOH
TJIABHBIX KOMIIOHEHT — JIMIIb 3HAYEHUH IUCIIEPCHH TPOEKIUH HCXOAHOTo oO0aka
JIAHHBIX Ha Pa3JIUYHBIC TIOCKOCTH.

Iycts cHoBa mMeercs N p -MepmbIX BektopoB X, i=1,..,N. Teneps Gyaem
CUUTaTh, YTO IMpPEABapUTEIbHAs HOPMHUPOBKA HMCXOMHBIX AaHHBIX (2.1.1) BeImONHEHA

00s13aTeNBbHO U, TAKUM 00pa30M, BEIOOpPOYHAs OLIEHKa KOBAPMALIMOHHOM MaTpHuubl Ry,

COCTOUT 3HAYEHHUM KOppENSAlUid, a MO IUArOHajlyd 3TOW MATPHULBI CTOST €IUHHUIIBI H,
cleoBaTeNIbHO, OHA MOXET OBbITh Ha3BaHa KOPPENSIUOHHON. Mojenb ¢GakToOpHOTO

aHaJIn3a MOXKHO 3aIlrucaTh B BUAC.
X=A-f+e (2.1.12)

3aecs f - BekTop pasMepHOCTH (<< P, COCTOSIIUA M3 CKPBITBIX (HAaKTOPOB —

HEKOTOPBIX CIyYaHBIX BEKTOPOB, KOTOPHIE «yMPABJISIOT» 3HAYCHUSMHU CKaJSPHBIX
KOMIIOHEHT MHOTOMEpPHOT0 BekTopa X TIOCPEACTBOM YMHOXKEHHS Ha MaTpuUIly

(akTOpHBIX Harpy3ok A pa3MepoM P CTpPOK Ha ( CTOJOLIOB. DJIEMEHTHl MaTpPUIIbI
A=(4,), J=1..,p;a=1..,q SBIAIOTCS HEU3BECTHBIMU TAPAMETPAMH MOJIEIH,
KOTOpBIE HEOOXOJUMO OINPENEIUTh, UMEsI BBIOOPOUHYIO OLEHKY R,, KOppessLHOHHOM

MaTpulbl UCXOAHBIX HAaHHBIX. IToka 6y,HeM CUnUTaThb, 4YTO YHUCJIO CKPBITBIX IIAPaAMETPOB

q u3BecTHO. OTHOCHTEIIBHO CBOWCTB ClIy4aifHOTo BekTopa f mpenmonaraercs, 4To ero
cpemtee paBHo Hymo, M{f}=0, a ero koBapuanuoHHas MaTpula CAWHHYHA

M{f-fT}=1I q» TAe |, - 0 -MepHas eJMHUYHAs MaTpHLA.
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DT0 yCIOBUE O3HAYACT OPTOrOHAIBHOCTH (PAaKTOPOB (B rayCCOBCKOM Cliydae — MX
HE3aBHCUMOCTB). Y CJIOBHE PaBEHCTBA CAMHUIIC TUCIEPCHI OPTOrOHAIBHBIX (HAKTOPOB
SIBIISICTCS. CBOETO POJIa HOPMHPOBKOW, TaK KaK B MPOTHBHOM CIIy4ae 3TOrO MOXKHO
JMOOHUThCS MacIITAOMPOBAaHUEM 3JIEMEHTOB MaTpuilel A . Bektop € B dopmyne (2.1.12)
UMEET Ty K€ Pa3MEepHOCTb, YTO M UCXOAHBIA BEKTOP X M COCTOHMT M3 CIy4YailHBIX
BCJIMYHMH, OIIMCBIBAIOOIUX IIYM IIO Ka}KHOI\/’I U3 KOMIIOHCHT BCKTOpa X , TO €CTh, HEC
HECYIIUX TIOJIE3HOW MH(GOpPMAIMHM U COCTOSIINX, HAIPUMEpP, U3 OIMUOOK WU3MEPEHUH.
Tak kak IIyMbl MO pa3TUYHBIM KOMIIOHEHTAaMH JOJDKHBI OBITh HE3aBHUCHMBI, TO
OTHOCHUTEIIFHO BEKTOpa € TpeAroyiaraercsi, 4Yro OH IEHTPUPOBAH H  €ro

KOBapHuanuoOHHas MaTpuna HUMECT JuaroHaabHBIN BUN.

M{e-e"}=¥* :diag(l//f,....,wzp}, rne wjz, j=1..,p - T.H. OCTaTOYHBIC IUCIICPCUH

WM JUCTIEPCHM IITyMOB. DIEMEHTHl AMAroHambHOH MaTtpunpsl W2 Takke ABIAIOTCA
napameTtpamu mojenu (2.1.12).

CyIIecTBYIOT HECKOJIBKO CIIOCO00B MaeHTH(UKAIMK mapamMeTpoB mozaenu (2.1.12),
HO Cpeld HUX Haumboyiee HAJCKHBIM M MPOCTHIM SBIISETCS METOJ] MHUHHMATbHBIX
ocratkoB (Harman, 1967). B cuity ycinoBuii 1naroHaabHOCTH KOBAPHAIIMOHHBIX MAaTPHII

BekTopoB f ® € HeTpyaHO mony4nTh, uTo B criay Moxaenu (2.1.12) xoBapualoHHas

MaTpulla Bekropa X paBHa
T=M{X -XT}=A-AT +¥? (2.1.13)

MeTton MUHHMMAaJIBHBIX OCTATKOB 3aK/IIOYAeTCs B ONPEIEICHUH 3JIEMEHTOB MaTpulbl A
U3 yCIIOBHSI MUHUMYMa CyMMBbI KBaJpaTOB Pa3HOCTEH MEXy BHIOOPOYHBIMH OLIEHKAMH
U TEOPETUYECKUMHU 3HAYCHUSAMH IMOMAPHBIX KOI(P(PUIIMEHTOB KOPPEIAHH. TeM camMbIM,
KpuTeprueM OJIM30CTH MOJIENM K JAaHHBIM SBIsETCS OJM30CTh BCEX TEOPETHUECKUX
KOO QUIMEHTOB KOPPENAMK HX BBIOOPOYHBIM oOleHKaM. OOo3Haunm uepes I

aneMeHThl MaTtpunbsl  R,,. Torga HeEoOXOOAMMO MUHUMM3HPOBATH CIEAYIOIIYIO

(YHKIIHIO OT SJIEMEHTOB MaTPHIIBI (PAKTOPHBIX HATPY30K:

o(W)=5 > (r, -3 4,4 ) - min (2.1.14)

i=li=j+1 a=1

HpI/I 9TOM Ha 3JICMCHTBI MaTPUIIbI A JOJIXKHBI OBITH HaJI0KEHBI OTPAaHUYCHUS.
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> 2L <1 j=1..,p (2.1.15)

BBITCKAKOIIINEC nu3 YCJIIOBHUA PaBCHCTBA CAUHUILIC AraroHaJIbHbBIX JJICMCHTOB
TeopeTndeckoi Marpuibl Koppemsaiuii  (2.1.13). Crout OTMETHTH, YTO 3ajaya
ompejeNieHusT MaTpullbl A He3aBUCHMa OT OMNpENeiCHHs] AUaroHaIbHOW MAaTpPHIIBI
ocraTouHslXx aucrepcuit W’. Tlocme Toro, kak 3amada Ha muHEMYM (2.1.14) mpm

orpannuenusx (2.1.15) permieHa, ocTaTOYHbBIC JUCTIEPCHH HAXOIATCS aBTOMATHYECKH:
2 N 2 H
wi=1-> 22, j=1..p (2.1.16)
=1

Matpuna A ompenensieTcss HEOIHO3HAYHO, MOCKOJBKY JI00as Apyras MaTpula,

pasnas AC rme C - oproromanbHas MaTpuia pasmepom (x(: CC'=C'C= s
Takxe OyIeT yaoBieTBopsATh Moaenu (2.1.12). Dta HEOAHO3HAYHOCTh MCIOJIb3YETCs B
(dakTOpHOM aHanM3e A MpeoOpa3oBaHUsl MAaTPHUIBI HATPY30K K Hauboiiee MpOCTOMY
BU/y, TIOJ] KOTOPbIM TIOHHUMAETCS MaJOCTh IO aOCOJIOTHOW BEIHMYMHE KaK MOXKHO
OOJIBIIIETO YMCIIa AIEMEHTOB MaTpUIlbl A . YTIpoIleHHe MaTpUIlbl PaKTOPHBIX HATPY30K

Ha3bIBACTCA BpPAIICHHUCM q)aKTOpOB, IMOCKOJIBKY €r0 MOXHO MNpPCACTABUTH KakK

paccMoTpeHre HoBoro Bektopa (akropo Cf Bmecro f, a ymMHOXeHHME BekTOpa Ha

OpPTOTOHAJILHYIO MaTPUILy UMEET T€OMETPUUYECKYIO HHTEPIIPETALINIO BPAILLEHUSI BEKTOpa

B IIPOCTPAHCTBC COOTBeTCTByIOILIeﬁ Pa3MEPHOCTH. O603Ha‘lI/IM qepes3
p,=1D 22, a=1..q (2.1.17)

CpelHee 3HaUYeHHUE KBaJpara Harpy3ok (hakropa ¢ HOMEPOM ¢ , BBIYHUCIICHHOE TI0 BCEM

cTpokam Matpulsl A . [lycts

S SR P It | o (2.0.18)
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- OLICHKA JUCIICPCHUHN KBaApaTa HAI'PY30K (I)aKTopa C HOMCPOM . Yem mnpome CTpoKa

MaTpUulbl A c HOMEpOM « , TCM OKe 3HAYCHUS /’Lz K HYJIO WJIHN K CIUHHUIIC, TCM

la
OoJIbIIIe UX OTKJIOHEHHUsS OT cpeaHero 3HaueHus (2.1.17) u, cienoBaresibHO, TeM OOJIbIIe
BenmunHa (2.1.18). Ha 3Tux cooOpakeHHSX OCHOBaH METOJ BpamieHus (HaKkTopoB,

M3BECTHBIN Kak Varimax u COCTOAIIMN B MUHUMHU3AI[UH KPUTEPHUS:
k
Q(C)=>s: — min (2.1.19)
a=1

10 BCEM OPTOTOHAIBHBIM MaTpuam C .
[Tocne ompeneneHust MaTpuIlbl PaKTOPHBIX HArpy30K (PUHAIBHBIM IIArOM aHANIN3a
SIBJISIETCS BHIYMCIIEHUE COOCTBEHHO peau3aliiii OpTOroHalIbHbIX (PaKTOPOB — o0IaKa U3

N mTyk (-mepHbix BekTopoB f . Hambomnee mpocras onieHKa ciieyeT u3 yCIOBHS, YTO
BEKTOp IIIyMOB € Pachpe/esieH COTJIacHO [P -MEPHOMY HOPMAaJIbHOMY PacIpEIesICHHIO C

KOBapHAIMOHHOH Matpuiedi W?. B 3ToM ciydae OLEHKOH MaKCHMAlIbHOTO

npaBono100ust OyEeT OlleHKa B3BEIICHHOTO METO/Ia HAMMEHBIIIUX KBaIPATOB:

e -¥?.e > min,
f (2.1.20)
e=X-A-f = f=(A"P?A)'AT¥?. X

Onnako onenka (2.1.20) maetr BekTop 0OmMX (PAKTOPOB C HEAMArOHAIBHOM
KOBapHaluoHHON Matpurieit. [ljist Toro, 9To0bl KOMIOHEHTHI BEKTOpa (aKTOPOB OBLIN
OPTOrOHAJBHBI, CICAYET MPUMEHATh MoauduKanuio oneHku (2.1.20), mpeanoKeHHY0 B

(Anderson, Rubin, 1956)
f=(A"PZPA)PATP 2 X, T=AAT + P2 (2.1.21)

Ilenp mosydeHus peanusaiuii BekTopa obmux ¢akropoB f - Ta ke camas, 4TO WU B
METO/I€ TJIAaBHBIX KOMIIOHEHT: CHIDKEHUE Pa3MEPHOCTH 3aIa4H.

Bomnpoc o Beibope urciaa ( o0mux GakTopoB — pasMEepHOCTH BekTopa f sBisercs
CaMbIM TPYAHBIM B (akTOpHOM aHanu3e. J1Jis ero perieHus: OblT MPeIOKEH KPUTSPHid
Punmme (Lawley, Maxwell, 1971), koTopwlii ommpaeTcs Ha MPEINOIOKCHHE O

HOpPMaJIbHOCTH pacnpesesenus BeKTopoB X . OIHAKO 3TOT KpUTEpUll MOKa3ajl OYEHb
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CUJIbHYIO YYBCTBUTCIIBHOCTD K MAJIBIM OTKIIOHCHHAM OT HOPMAJIbHOCTH, YTO ACJIACT €ro

IPAKTUYECKU HEPUMEHUMBbIM. Eciu oTCyTCTBYeT anpuopHas HHpopMalus o uucie (,

TO MOKHO INOJYYUTb OLCHKY MAKCHUMAJIbHO JOIIYCTUMOI'O YHCIIa O6H_II/IX Q)aKTOpOB,

HayaB pematrbh 3agavyy ¢ MHHHUMAJIBHOIO ( =1 ¥ HOCTENmEHHO yBE€IM4YMBaTHL ( Ha

eIUHUILY 10 TeX II0p, TI0Ka MoJesb ()aKTOPHOTO aHalM3a He BeIpoauTcs (oOmiee 4ncio

napamMeTpoB CTaHET U30BITOUHBIM). [10CIIe 3TOr0 MOXKHO B3STh B Ka4eCTBE ( TOCIIE/IHEES

MAaKCUMAJIbHOC 3HAYCHHUC TIICPCA BbIPOXKIACHHUEM 3aJavu. BLIpO)KI[eHI/IC 3aga4un

(akTOPHOTO aHaiIM3a HA3bIBACTCS «CiIydaeM XeWByaa» W 3aKI0YaeTcss B OOHYJICHHU

OCTaTOYHOM AUCTICPCUHA l,//J2 IJI1 OAHOIr0 HWJIM HECKOJBKHX KOMIIOHCHT BCKTOpPa X.

[IpakTuueckn BMecTO OOHYJIEHMsI HAOJIOJAETCSl PE3KOE YMEHBLIEHHE OCTAaTOYHOMN
JMCTIEPCUH JUTSL TOW WJIM WHOM KOMIIOHEHTHI 110 CPAaBHEHHIO C MPOYMMH (Ha HECKOJIBKO

nopsiaKoB). IMEHHO 3TOT MeTOJI BBIOOpaA ( MCIOJIL30BAJICS B AabHEHIIICM.

Knacmepnwiii ananuz sBnsercs HaO00pPOM SMIIMPUYECKHX NPaBUI pa3OHEeHUs
«obyaKa» WMCXOIHBIX NAaHHBIX HAa CPABHHUTEIBHO HEOONBIIOE YHCIO «KOMITAKTHBIX»
Tpynn win kiactepoB. OmnpeneneHne KpUTepusi KOMIIAKTHOCTH MHOYKECTBA OOBEKTOB
3aBUCHT OT THUIIA JAaHHBIX M IIeJIel MCCIIeIOBAHUS, IOCKOJIBKY KIACTEPHBIH aHAIN3 caM
1o ce0e SBJISAETCS JIHMIIb BCIIOMOTATEIbHBIM MHCTPYMEHTOB IMPEJCTABICHHS JTAHHBIX U
BECh IICHTP TSHKECTH UCCIIETOBAHMS IEPEHOCHTCS Ha CO/ICPIKATENIFHYI0 HHTEPITPETAIHIO
NOJYyYEHHBIX KiacTepoB. Hampumep, mocie CHMKEHUS pPa3MEPHOCTH IaHHBIX C
TIOMOIIBIO METO/Ia TIIABHBIX KOMITOHEHT WM (PaKTOPHOTO aHAJIN3a BO3HHUKAET JKEIaHUE
pa3o0parThbCcsi CO CTPYKTYpOH MpeoOpa3oBaHHBIX JAHHBIX M 3Ty 3a/1a4y MOXET PEIIuTh
KJIACTEPHBIN aHAIU3.

Hwxe ucnonb3oBancs momysapabiii meron ISODATA (AtiBassH u ap., 1989; Duda,
Hart, 1973). IIpu 3TOM OyaeM cuuTaTh, YTO OOBEKTHI KIACCU(PHUKAIIMU MPEICTABIISIOT
cO0OH TOYKH B MHOTOMEPHOM E€BKJIMJIOBOM IPOCTPAHCTBE U MEXIAY HHUMHU OIPEACIICHO
HOHSTHE PACCTOSIHUSL (METPUKH), MOJ KOTOPBHIM JJsi TPOCTOTHI OyAeM TOHHMATh
00BIYHOE EBKJIMJIOBO pacCTOsiHUE Mexay Toukamu. O0oOmeHne Ha Oojee CI0KHBIS
HOHSTHSL PAcCTOSHUE JOBOJBHO O4YeBHAHO. I[IycTh mMMeeTcs 00JIak0o MHOTOMEPHBIX

BekTOopoB ¢, BHyTpM  MHHMManbHOrO  mHapajjieNienunena,  COAEprKallero
KJIaccu(uIpyeMble TOUKH &, CIy4aliHbIM 00pa3oM PacrojaraloTcsl HEHTPbI MPOOHBIX
KJIacTepoB, NpHUYEeM YUCIO (=2 Takux KiactepoB (ukcupoBano. OO03HAYNM

cuMmBoJIoM I HavanbHOE cnyqaﬁHoe ITIOJIOXKCHUC HpO6HLIX KJIaCTCPOB. I[J'IH 3aJaHHOI'O

paCTOIOKEHHUS IIEHTPOB KJIACTEPOB MPOU3BOAMUTCS MPOOHOE pa30MEeHHEe MHOXKECTBA

80



TOYCK II0 MPUHOUIIY MHHHMYMa pacCTOAHUA OO TOro HWJIM HWHOI'0 LCHTpA. HYCTB

C.,k=1..Q - BekTOopa LEHTPOB KJIACTEPOB, N, - YUCIO TOYEK B K-OoM Kiactepe,

M-

n, =M - obmee 4ncino Toyek B pazbuBaeMoM MHOxkecTBe. Ilycte B, - MHOXeCTBO
k=1

BEKTOPOB, MpUHAUISKAUX K -My Kiactepy. BeducianM BeKTOpa LIEHTPOB TSKECTEH

HOyYUBIIUXCS  KIIACTEPOB: rk=Z§ /nk. Eciun nna Bcex C, =I,, To pasOueHue
SeBy

3aBepluaeTcs. B IpOTUBHOM Cilydae BEKTOpa LEHTPOB KIACTEPOB C, MEPEMEINAIOTCs B
LEHTPbl TSDKECTU [, IPOMU3BOAUTCS HOBOE pa3OMEHHME Ha KIIACTEPbI, BBIYUCIISIOTCS

HOBBIE IIEHTPHI TSDKECTEH, MPOBEpSETCS YCIOBHE 3aBepIIeHUS pa3OueHus u T...
[Iponenypa noBosnbHO ObICTpO cxoauTcs. OAHAKO TO pa30MeHNe Ha KIAacTephl, KOTOPOe
MOJIYYHJIOCh MO 3aBEPIICHUIO UTEPALUd, 3aBUCUT OT CIIyYaWHbBIX MOJOKEHUN LIEHTPOB
npoOHBIX KimactepoB [ B camoM Havane ureparnuid. KauecTtBo ¢huHaIBLHOTO pa3OueHUs

OLICHUBACTCS KPUTCPHUEM KOMIIAKTHOCTH KJIIACTEPOB:

1QID=Y" T [&-c, (2.1.22)

k=1 £eB,

I[J'Iﬂ 3aJaHHOIr0 4YucCjlIa KJIaCTepoB ( €CTECCTBCHHO MCKaTh TaKoEC CJ'Iy‘lElfIHOG

HavyalbHOE pacroiioxkenue [, s koroporo BenuuuHa (2.1.22) MuHUMaIbHA. DTO
nocturaercs metonoM MonTe-Kapo: cinydaifHple SKCIIEpUMEHTHl M0 BOpachIBAaHUIO
LIEHTPOB MPOOHBIX KJIACTEPOB BHYTPh 00JIaKa TOYEK MOBTOPSAIOTCS OOJIBIIOE YHCIIO pa3
(HvoKe, TIpU aHaIM3€¢ KOHKPETHBIX JAaHHBIX, MBI HMCIOJb30BAIIN 10* HOMBITOK), MOCTE
4yero BeIOMpaeTcs To pa3dueHue, s KOTOPOro peann30Baics MUHUMYM 110 I .

Jlanee BO3HMKAeT 3ajaya OIpeAeJeHHs] ONTUMAIbHOIO YKCIa KIacTepoB, Ha

KOTOpOE cliefyeT pa3ouTs MHOkecTBO mpu3HakoB. Ilycts J,(q)=minJ(q|I") . Ecuu
r
HOCJIEIOBATEIbHO  YMEHBIIATh YHCIO TPOOHBIX KJIACTEPOB (| OT HEKOTOPOTrO

JOCTaTOYHO OOJIBIIOrO 3HAYEHMs 10 MUHMMalIbHOro (=2, To BenmuuHa J,(0) Oyner

MOHOTOHHO YBEJIMYUBATHCS, OJHAKO TPU ONTHMAIHHOM 3HAUCHHH KiacTepoB (eciu
TaKoe CYIIECTBYEeT) OHa OyJeT mperepreBarth H3IOM. boiee 3G GEKTHBHBIN METO.
BBISIBJICHUSI ONTHMAJIbHOIO YHKCJIa KJIACTEPOB COCTOMT B HCIOJIb30BaHUM TCEBHO-F-

cratuctuku (Vogel, Wong, 1978):
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PFS(q)=(M —q)-qul G —h IZ/((q—l)-Jo(q)) (2.1.23)

rae r0:24§ / M - oOmuil HEeHTp TSHKECTH BCEro KIAacCH(UIUMPYyeMOro MHOXECTBa

ToueK. ONTUMAILHOMY 3HAUYEHHUIO YHCIIAa KJIACTEPOB COOTBETCTBYET TOYKA MaKCHMyMa
dyukmn (2.1.23).

B kagecTBe mpumepa paccMOTpUM 33/1a4y (PaKTOPHOTO aHAIHM3a CPETHEMECSYHBIX
pacxoJoB BOJbl B peke AMyp. BpeMeHHbIe psilibl CpeIHEMECSUHBIX PEYHBIX CTOKOB
OpPEACTAaBISAIOT  cO0OW  TUNWYHBIA  TpUMEp  MEPUOJHMUECKU-KOPPETUPOBAHHBIX
ciy4aiiHbiX nporeccoB (PeitoB, 1976; Parkosuy, bonros, 1997). CayuaiiHblii nporecc

X(t) ¢ auckpeTHBIM BpeMeHeM 1 Ha3bIBAaeTCs MEPUOJUUYSCKH KOPPEIUPOBAHHBIM
CITy4aiHBIM IPOIIECCOM € IepuonoM T , eciu ero cpeanee 3Hadenne m, (t) = M{x(t)} u
xoBapuanuonnas ¢yskuus C, (t,s) = M{(x(t)—m, (t))(x(s)—m,(s))} nepmomuunsr c
nepuogoM T: m (t+T)=m(t); C, (t+T,s+T)=C_(t,s). [na cpeaHeMecsSIHbIX

PCYHLIX CTOKOB TAKMM CCTCCTBCHHBLIM CC30HHBLIM IMEPHUOAOM ABJIACTCA 3HAYCHHUC T=12.
Bonpocam mnporHosza cpeaHEMECSYHBIX PEYHBIX CTOKOB C IOMOUIIBIO Pa3IMYHBIX
MeTO0B mocBsieHa padora ([Tucapenko u ap., 2005). Onpenenum roaoByio Gopmy

peunoro croka kak Y(j)=M{x(j+Tk)}, j=1,..T; k=0,1,..., To ecth cpennee
3HAUEHME CTOKA MO KAKIOMY MecAlly ¢ HomepoMm |. Jlanee oboznauum uepes AX;(r)

padHuly MCEKAYy TCKYIIHM 3HAYCHHUEM CPCAHCMCECAYHOI'O pacxoda BOAbI U 3HAYCHUCM

roZI0BOM (hOpMBI

A (@) =X @)=Y (), j=L..T; 7=1.,M (2.1.24)

roe t j(r) - TIOCJIEIOBATEILHOCTh BPEMEHHBIX OTCUETOB, COOTBETCTBYIOIIUX MECSILY C

HOMEPOM |, 7 - MHIEKC, HyMEPYIOIIHMH ToI6I M3MEPEHHIA peuHoro croka, M =[N /T]
- YUCJIO TIOJHBIX JIeT HaOmoaeHui, N - 4HCIIO cpeTHEMECIYHBIX OTCUETOB B BHIOOPKE.

Taxum 00pasom, AX;(r) mnpencTaBiaseT cOOOH MPAMOYTONBHYIO MATPHI JaHHBIX

pazmepoM T xM wumm ob6mako u3 M mtyk T -MEpHBIX BEKTOPOB.
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Puc.2.1. Pumckumu niudppamMu IpoHyMepOBaHbI OTKJIIOHEHUS CPETHEMECSYHBIX CTOKOB
Awmypa (1896-1985 rr.) ot rogoBoii popmbl. BHH3Y pricyHKa npuBeieHbI rpaguKu caMoit
rO/I0BO# ()OPMBI M IBYX OPTOTOHAJBHBIX OOIINX (pakTOPOB. YKa3aHBl MaKCHMAJIbHbIC
KO3 () PUIMEHTHI KOPPETAINHI KaXI0T0 U3 (PAKTOPOB C COOTBETCTBYIONTUM MECSIIEM.
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Ha pwuc.2.1 npencraBieHbl pe3yiabTaThl ()aKTOPHOTO aHAJIM3a MATPHIIBl JAHHBIX
OTKJIOHEHHH OT TOJIOBOM (opmMa pEeYyHOro CcToKa Amypa 10 HaOMIOJCHUSIM 3a
CpeIHeMECSYHbIM CTOKOM B neproj 1896-1985 rr., nanusie nomydensl or M.B.bonrosa
(MuactutyTr BomHbix mnpoOiem PAH). 3amerum, 9TO T00aibHBIC JaHHBIC TIO
CpEHEMECSYHBIM  PEYHBIM CTOKaM UMelTcss B VHTepHeTe 1O  aapecy

http://www.rivdis.sr.unh.edu/maps/ . Ha pwuc.2.1 npeacraBieHbl TpapuKe TOJTOBOM

dopmMbl AMypa M OTKJIOHEHHH OT HEe IO KaxkaoMmy wmecsiy. llocienoBarteiibHoe
YBEJIMYECHUE YHCTa OOIIUX OPTOrOHAIBHBIX (PaKTOPOB MPHUBENIO K BHIPOXKICHHUIO 3a]a4u
(2.1.12) npu Ttpex ¢akropax. CnemoBarelbHO, MAaKCUMAIBHOE JOIYCTUMOE YHUCIIO
¢dakTopoB paBHO nBYM. VX rpaduku Tarke mnpeactaBieHbl Ha puc.2.l (oreHka
cormacHo (opmyie (2.1.21)). IlepBbiii OpTOroHaIbHBIN (HAKTOP MMEET MaKCHMAJIbHbIH
no mMoxymio koddduimeHt koppemsuuu 0.95 ¢ geBpanem, a BTOpoil — MaKCUMAaIIbHBII
kodpurment koppemsimuu 0.96 ¢ HosiOpem. Takum 00pa3oMm, BOJHBIN PEXKUM ITHUX
IBYX «THXHX» MECSIEB COJCPKUT OCHOBHBIC YEpPThI IOBEACHUS, OIPEICISIONINC
JIETEPMHHUCTHYECKYFO KOMIIOHEHTY PEXHMa CPEIHEMECTYHBIX CTOKOB.

JUis WUTIOCTpallui KJIACTEPHOTO aHallM3a pacCMOTPUM 3ajjauy KilacCU(UKAIUH
TPEXKOMITOHEHTHBIX 3amuceil cnabbIX CeMCMUYECKHX COOBITHI B TIIyOOKMX MIaXTax
(JTroOymmn u ap., 2004(a)). [Ipobnema KiaccupHUKaIMK 3JIEMEHTOB OOJIBIIION0 MacCHBa
CEHCMHMUYECKHMX 3aluCell SBIACTCA AaKTyaJIbHOW 3aJadeld B pas3IMYHBIX 00JIacTAX
ceiicMosioruu M celicMopasBenku. [l ee pemieHHs TPATUIMOHHO TPUMEHSIOT
MIUPOKUNA HAOOp CTaTUCTUYECKHMX IOAXOJO0B, ONMUPAIOLIMXCSA HA UACU CIEKTPAIBLHOTO
aHaJM3a, paclo3HaBaHHWs 00pPa30B, CHHTAKCHYECKUX Tpouenyp u T.4. (Seismic signal
analysis and discrimination, 1982). B 3amgauyax knaccudukanuu 3pPeKTHBHOCTD B
pemaromield  CTEeNeHW ONpeAessieTCss yYIadyHbIM BHIOOPOM BEKTOpa IPU3HAKOB
HEeOOJIBIION Pa3MEPHOCTH, XapaKTEPU3YIONIHNX KiIaccuPuupyemblii 00beKT (AiiBa3siH n
ap., 1989; Banuuk, Uepsonenkuc, 1974; Duda, Hart, 1973). [Toatomy Borpoc o Beibope
NPU3HAKOB, XapaKTEPU3YIOMIUX CEHCMUYECKYIO 3aliCh, SBISCTCS KIIOYECBBIM IIPH
MIOTIBITKAX Pa3/IIUTh MHOKECTBO CHUTHAJIOB HA OT/CIbHBIC TIOJAMHOXKECTBA — KJIACTEPHI.

Huwxe B kadecTBe NpuU3HAKaA, XapaKTEPU3YIOLIETO CKAJSIPHYIO CEHCMHUYECKYIO
3aluCh, TpeliaraeTcs paccMaTpuBaTh T.H. YpPOBEHb BeWBieT-ckatus J{oHOXO-
JbxoHcToHa «, onpeneneHHblil B maparpade 1.6. HamomHum, 4yTo « u3MeHseTcs B
npenenax or 0 mo 1 m 3amaer Ty 4acTth KO3()PHUIMEHTOB pa3jioKEHHUS CUTHAJA 10
0a3ucy OpTOroHaTbHBIX (UHUTHBIX (YHKIUN (BEHBIETOB), KOTOpas MOXKET OBITh

oTtOporieHa 6e3 CylecTBeHHOM moTepu WH(popMaluu o curHaie. BennunHna ypoBHI o
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http://www.rivdis.sr.unh.edu/maps/

3aBUCHUT OT BbIOOpa ©0as3uca BeWBIeT-QyHKIMA. BpluncieHuo mpu3HAKa «
NPEIIIeCTBYeT TMpOIEAypa TOCICIOBATEIIBHOTO KOTEPEHTHOTO  OTCEYCHUS  JUIS
ompezeneHus 6asuca, Mo KOTopomy OyJIeT pacKiaJbIBaThCs CUTHAI, M3JI0KeHHAs B 1.6,
dopmyna (1.6.17).

[Ipy HaMMYUM TPUMEPHO OJUHAKOBOTO YpPOBHS IIyMa B aHAIM3UPYEMOM
MHOKECTBE CHUTHAJIOB, TPU3HAK @ XapaKTepH3yeT  «HACBIIIEHHOCTh» CHTHala
pa3HOOOpa3HBIMU 3JIEMEHTAMHU MOBEJCHUS: YeM OJmke BelnyuHa « K 1, TeM curHan
«IPOIIE» U MOXKET OBITh aJCKBATHO OMUCAH MEHBIIMM KOJIUYECTBOM KOA((HUIIMEHTOB
ONTUMAJILHOTO BelBieT-0a3uca. Takum oOpa3oM, OT KaKIOM TPEXKOMIIOHEHTHOM
CCHCMHUYECKOH 3alKCH TOJIy4YaeTcsl 3-MEpHBIH BEKTOp Oe3pa3MepHBIX NPHU3HAKOB —
YpOBHEH CaTuig KaXI0oM KOMMOHEeHTH. Jlamee mnonyueHHoe o0051ako 3-MepHBIX
BEKTOPOB TMOJBEpraeTcss Mpoleaype KiactepHoro anammza wmetogom ISODATA
UTEPALMOHHON MHHUMH3aUWMU (yHKIUMOHANA KommaktHoctu (2.1.22) pa3zOueHus
MHO’KECTBAa BEKTOPOB Ha 3aJaHHOE MPOOHOE YHCIO KiacTepoB. ONTHMaiIbHOE YHCIIO

KJIaCTEPOB OIPEACISIETCS U3 YCIOBUS MaKCUMyMa TiceB0-F-cratuctuku (2.1.23).

1-iA npymep 2- npumMep 3R npumep

. L
e o

Bpemst, x1072 cek
e

X KOMNoHeHTa

Y KomMnoHeHTa

Z KOMnoHeHTa

T T T T T —TT T T 7
200 300 400 500 600 200 300 400 500 600 200 300 400 500 800

Puc.2.2. ®parMeHTHI HCXOIHBIX 3aMHCEeH ceHCMUIECKHX COOBITHH B maxTax CHIIe3CKOTO
yromsHoro 6acceitra (Uexus) u3 obmiero MmaccrBa 111 TpeXKOMITOHEHTHBIX 3anuceit. B
Ka4yecTBe IPUMEPOB BHIOPAHBI TE 3allMCH, KOTOPHIC B NAIHEHIIIEM OKaXKyTcs '"Hanbomee
TUMHYHBIMH" [T TIONYYUBIIAXCS 3-X KiIacTepoB (cM. puc.2.4).
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[Ipoananm3upoBan Habop HaHHBIX, cocrosimuid w3 111 ceiicmumueckux 3-
KOMITOHEHTHBIX 3alHCced CeMcMHYeCKuX cOoObITHH B mmaxTax CHIIE3CKOro yrojbHOTO
OacceiiHa, 3aperuCTPUPOBAHHBIX COTpYyAHUKaMH MHCTUTyTa reOHUKH AKaJeMHH HaykK
Yexuu (r.OctpaBa). Yacrora auckperuszanuu 3anuceii cocrapiser 100 I'u, mmHa — OT
1080 o 883 otcueToB, Bktovast yuacTok (hoHa mepen codbiTueM. Perucrparus Benach
¢ mag o uroiib 2000 roga celiCMUYECKON CEThIO, COCTOMALIEH U3 4-X 3-KOMITOHEHTHBIX
ceiicmoripueMHuKoB. Ecnmu  coOblTHe  perucTpupoBajioch 0Oojee YeM  OJHUM
CEHCMOMETPOM, TO JKCHEPTHO OTOWpanach JHIIb OJHA 3aMUCh, COOTBETCTBYIOIIAsS
HAWJIYYIIeMy OTHOIICHUIO «CUTHAI/IITyM».

Ha puc.2.2 u3o0paxensl rpadukn 3-X TaKuUX 3alUCeld, MPUYEM HX OTOOp OBLI
OCYUIECTBIIEH Y€ TOclie TMpOBeNeHUs Kilaccuukaluu MaHHBIX 10 MPUHLUIY
HAaUMEHBIIIETO PACCTOSIHUS B MPOCTPAHCTBE MPHU3HAKOB 10 IIEHTPOB MOIYYUBIIUXCS 3-X
KJIACTepOB. B 3TOM CMEBICIIC OHU SIBISIFOTCS «HAKOO0JIee THITMYHBIMH TIPEICTABUTEIIIMU
CBOMX KJIACTEPOB.

[Tockonbky MHTEpec MpeACTaBisieT KilaccU(UKAIMS CUTHAJIOB MOCIE COOBITHS, TO
nepen MpoUeaypoil KIAaCTepHOro aHaliu3a ObUIO IMPOBENEHO OTCEYCHHE HaudalbHBIX
YYacTKOB 3aluceid, coaepkamux Juib (QoHOBBIE ceiicmMudeckne KoneOaHus. B
pe3yJibTare YUCIIO OTCYSTOB YMEHBIIMIIOCH M CTAll0 BapbHUpoBathes oT 748 no 414. B
JTanbHEHIIeM, I yuyeTa MPOCTPAHCTBEHHOW CTPYKTYPhl CEHCMUYECKHUX 3amucei, ObuI
OCYIIECTBIICH IEPEeX0/J K OPTOrOHAIbHBIM TJIABHBIM KOMIIOHEHTaMH. BBITM OIIEHEHbI
KOBapHAaIlMOHHBIE MaTpUllbl 3X3, ONpeneleHbl MX COOCTBEHHBIC YHWCIIa M BEKTOpa U
BBIYMCIICHBI TIPOCKIIMU 3-MEPHBIX CEHCMUYECKHX CUTHAJIOB Ha COOCTBEHHBIC BEKTOpa
KOBapHAIMOHHOW MaTpuIbl. TakuM o0pa3oM, ObUTH TOydYeHbI 1-¢, 2-¢ U 3-U TIaBHbBIC
KOMITOHEHTBI (B TIOPSJKE YMEHBIICHUS 3HAYEHUH COOTBETCTBYIONIMX COOCTBEHHBIX
YKCes) MCXOIHBIX MaHHBIX, MOCJC OTCCUCHHUS HAYaIbHBIX yYacTKOB, KOTOpBIC Jalice
OBLIM IMOABEPTHYTHI MPOIIEype KIACTEPHOTO aHATH3A.

Cravaira s kaxaor w3 333=3%x111 riaBHBIX KOMIIOHCHT OBUIM OIPEICICHBI
ONTUMAaJbHbIE  TIOPSAKKA  OPTOTOHAJBHBIX  BeiBieroB  [loOemm  MeTomom
MOCTIEAOBATEIHHOTO0 KOT€PEHTHOrO0 OTceueHus. Jlnama3oH HalJeHHBIX ONTUMAJbHBIX
MOPSITKOB BEHBJIETOB BechMa BeNUWK. lIpuBenmemM JUIsl KaKIOro 4YHclia OOHYJISEMBIX
MOMCHTOB 0a3WMCHBIX (DYHKIHMHA CKOJBKO CIIy9acB BBIMAJIO COOTBETCTBYIOIIEMY
BEUBIIETY ObITH ONTHUMAJbHBIM. TeM caMblM MBI HE pa3jinyaeM OOBIYHBIC BEHBIIETHI
JloGemm ¥ CUMIIeTHI, MOCKOJIBKY MX TJIaJKOCTh W JUIMHA HOCUTEINs OJMHAKOBBL. OIuH

OOHyJIsIeMbIii MOMEHT (BeiiBiieT Xaapa) BeTpeTics Juiib B 1 ciiydae, 2 0OHYJISIEeMbIX
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momenTa — B 15 ciygaes, 3 - 16,4 -33,5-61,6-19, 7 - 33, 8 — 44, 9 - 55, 10 - 56.

Takum 00pa3oM, B THCTOTpaMME YHCiIa OOHYJISIEMBIX MOMEHTOB €CTh 2 MaKCUMyMa: 5 u

10, pa3sacICHHBIX TOBOJIBHO PE3KUM IIPOBAJIOM Ha YHUCJIC MOMCHTOB 6.

04 4 170~
(a) : (©)
g 160 o
03 4 150 H
1 140
0.2 4 130 H
g 120 H
0.1 A 110 S
g 100
0 ‘r—TF—T"T"T"T"T"T"TT""TT 9 T
5 10 15 5 10 15
ITpoOHOE YHCII0 KIacTEPOB
0.8 0.8
Ol (B) Ok i) X
0.8 4 1 0.8 4 1
1
1
i i  da 1
5 i
07 07 2 #
. . 3 2
3
0&e - 0&e - 3
_ i 333
C(.l C{,l
0.5 T T T T T T 035 T T T T |
0.5 0.6 0.7 0.3 0.9 0.5 0.6 0.7 0.8 0.9

Puc.2.3. I'paduku HpyHKIMH KOMIAKTHOCTH () U niceB0-F-cTtatnctrku (0) B 3aBUCUMOCTH
OT MPOOHOTO YKcIIa KIacTepoB. Hammydiee 9ucio Ki1acTepoB paBHO3 M COOTBETCTBYET
MakcumyMy Ha rpaduke (0). (B) u (r) — o0nako kiaccuUIUPyEeMbIX 3-MEPHBIX BEKTOPOB
3HAYEHMH MTOPOTOB C)KATHS TJIABHBIX KOMIIOHEHT 3-MEPHBIX CEHCMHYECKHUX 3arucel B
MPOEKIHSX Ha 2 MePIEeHANKYIISIPHbIE KOOPANHATHBIE INIOCKOCTH. TOYKH MpeICTaBICHBI
METKaMH — HOMEpaMH KJIaCTepOB Ul HAaWIydIIero pa30ueHus Ha 3 KiacTepa.

Ha puc.2.3(a) u 2.3(0) mnpencraBicHbl TpapuKd 3aBUCUMOCTEH (QyHKIHH

kommakTHocTH J,(0) u mnceBmo-F-crarmctuku PFS(Q) B 3aBucumoctu oT umcia
NpOOHBIX KJIAacTepoB (. M3 HHMX BHIHO, 4YTO ONTHMAJIbHOMY 4YHCIY KIACTEPOB
COOTBETCTBYeT 3HaueHue (=3, mpuueM Ha rpaduke PFS(Q) BuaeH eme oauH

JIOKQJIbHBIM MaKCUMYM, COOTBETCTBYIOLIMII BO3MOKHOMY pa3OMEHHUI0 Ha / KIIAcTepoB,
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HO 3TOT BapUaHT 3HAYMTEILHO MEHee craTucTHdecku obocHoBan. Ha puc.2.3(B) u
2.3(r) mpezncraBieHbl MPOCKLIUH 3-MEPHBIX BEKTOPOB IPH3HAKOB (IIOPOTOB CHKATHS IS
TJIABHBIX KOMIIOHEHT) Ha 2 KOOPJIWHATHBIC IUIOCKOCTH, INPHYEM KaKIOW TOYKE
IpUITMCaHa METKa HOMepa KJlacTepa, KOTOPOMY OHa MPUHAAIEKUT. UHCIIO 2I€eMEHTOB B
KjacTepax creayromee: 1-if kimactep comepxkut 51 Bektop, 2-it — 52 BekTopa, 3-it — 8

BEKTOPOB.

1-1n knacTep 2-i knacTep 3-1A knacTep

L
A P o
L

0 100 200 300 400 S00 O 100 200 300 400 500 O 0 100 200 300 400 500

2-1 KOMNOHeHTa 1-A KOMNOHeHTa

3-A KOMNOHeHTa

Bpems, <102 cex
I T T T T T 1

Puc.2.4. "llenTpanpHble” 3amKcy U3 KJIACTEPOB B MPOEKIMIX HA TIaBHbIC ocH, nepBbie 500
OTCUYETOB IOCJIE TIEPBBIX BCTYILICHUH.

Ha puc.2.4 n3o0pakeHbl Ii1aBHbIE KOMIIOHEHTHI TEX 3aluceil U3 COOTBETCTBYIOIINX
KJIACTEPOB, BEKTOPHI MPU3HAKOB KOTOPHIX OKa3aJlUCh HauOoiee OIU3KUMHU K LEHTpam
KjactepoB. Kak y»e roBOpMIIOCH BBILIE, UM K€ COOTBETCTBYIOT MCXOJHBIE 3aIIMCH Ha
puc.l. M3 3tux rpadukoB JErko 3aMeTHBI CYIIECTBEHHBbIE DPA3IUYUs B XapakTepe
NOBEJIeHUs curHanoB. Hampumep, noBeneHHe TINIaBHBIX KOMIIOHEHT 1-ro kiactepa
SABIISICTCST  BU3YalbHO Hamboiee MpPOCTHIM U HU3KOYacTOTHBIM. [loaromy
HEYJIMBUTEJIbHO, 4YTO 3HAYEHUS YpOBHEH cxartug i 1-ro kiacrepa oOKazajaucCh
MaKCUMaJIbHbIMM, IIOCKOJBKY Il OIMCaHUSA IPOCTOrO IIOBEIEHHS JTOCTATOYHO

COXpaHCHHUEC CPAaBHUTCIIBHO HEOOJIBIIIOTO IIpOICHTAa HauOOJIBIINX I10 MOAYJIO BEUBJICT-
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k023 PunmentoB. C 3Toi K€ TOYKH 3PEHUS €CTECTBEHHBIMU TPEACTABISIOTCS Mallble
YPOBHH CKaTHS Ul SJIEMEHTOB 3-TO KJacTepa, MOCKOJIBKY BHIHO, YTO pa3HOOOpasue
JIEMEHTOB MOBEJIEHMs s HauOojiee THUIIMYHOTO NPEACTAaBUTENs 3TOro Kiacrepa
MaKCHMAaJIbHO.

[TonmyumBmieecst pasgeneHue Ha 3 KJIacTepa, CKOpPEEe BCErO, OTPAXKAeT TPH
BO3MOJKHBIX THIA TIOJIBIKEK B OIUIEHTPE CEHCMHUYECKUX CcoObITHi: 1-if m 2-i
KJIacTepbl (camMble MHOTOYKCIICHHBIE), 110 BCEH BUAMMOCTH, COOTBETCTBYIOT CIBHUTY H
cOpocy, kak HauOojiee TUMHYHBIM CKOJBKEHHSIM IO HApyIIEHHSM CIUIOIIHOCTH B
ropHoM MaccuBe. Yto e kacaetrcs 3-ro tuma (Bcero 7% ot 00Imero uuciia CoObITHIA),

TO €ro0 MPEANOoJIOKUTEILHO OTHOCUM K Haubosee peIKOMy MEXaHU3MY — OTPBIBY.

2.2. CieKTpbI KOTePEHTHOCTH, YACTOTHbIE (YHKIIMH OTKJIUKA, KOMIIEHCAIUS

noMex.

B sTom maparpade Oyner paccMOTpeH ciayyail IByX BPEMEHHBIX PSIOB, MpPUYEM,
OJIMH U3 HUX CUUTAETCS «BXOJIOM», a ApPyroil — «Beixomom». [lomobHoe paszmencHue
YacTO SIBISIETCS JOCTATOYHO OYEBHIHBIM M3 (PU3UYECKUX COOOpaKCHHM, Hampumep,
«BXOJI» - 3TO BapHaliud aTMOC(EepHOro NaBICHUS, a «BBIXOI» - 3TO BapUaIlUU YPOBHSI
TOJA3EMHBIX BOJI B CKBOKHMHE C OTKPBITHIM YCThEeM, MPOOYPEHHBIM 10 BOJOHOCHOTO
ropu3oHTa. HOo wacTto BCcTpeudaercs pa3leleHHEe Ha «BXOJ-BBIXOJ», HCIOJIb3YHOLIEE
YUCTO (POPMANBbHYIO MOJENb JIMHEHWHOTO «YEpHOro  AlIUKa», KOoTopas Ul

CTaIMOHAPHBIX BXOJHOIO M BbIXOomHOro BosaekctBuii X(t) m y(t) B wacToTHOM

NPECTABICHUN MOXKET OBITh BBIpakeHa (OpMyJIOW:

dY, = H(w)dX,, +dE, (2.2.1)

rie H(w) - wactorHas mnepemarounas komiuiekcHas ¢ynkuous, dX ,dY ,dE, -

OECKOHEYHO-MaJIbIe TIPUPAIICHHST OPTOTOHAIBHBIX CTOXACTHYECKUX CHEKTPAIbHBIX MEp
(B ¢usuke wux dacro HaspBalOT «Dypbe-KOMIOHEHTHI») COOTBETCTBYIOIIUX
craioHapHbIx mocnenoBarensHocTedt  X(t), y(t), (t),t=0,£1, £2,.... 3mecy &(t) -
OCTaTOYHBIM CHUTHANI WIM dYacTh Bbixoma Y(t), He 3aBucsmas ot Bxoma X(t).
CToXacTHYECKHE CIEKTPAIbHbIE Mephl 3aJal0T KaHOHMYECKOE IPE/ICTAaBICHHE

CTaIMOHAPHOTO MpoIlecca WM HHTErpajgbHOe mpenacTaBicHue Kpamepa (Anderson,

1971, Brillinger, 1975):
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x(t)=m_ + j e“dX (2.2.2)

AHanornuHo 3anmchiBaroTCs mpexacraBinenus Kpamepa mmst Y(t), £(t) . Beanunna m,

€CTh Cpe/Hee 3HaueHUs npouecca. B manpHeiieM Mbl OyJeM mosiaraTb BCE CpEIHHE
HyJIeBbIMHU (0€3 orpaHuueHust OOIIHOCTH). B crily IUCKpeTHOCTH BpeMeHH B (opMmyJie
(2.2.1) uHTEpBA MHTETPHPOBAHUSA €CTh OTPE30K [—7,+7], a He (—00,+00), KaKk ObLIO
Obl s mpencraBineHuss Kpamepa s HempephlBHOTO — BpeMeHHW. HTepBan
uHTerpupoBanusi B (2.2.2) moxuo BbiOpare Takke [0,27]. Bemumumna dX, ectb
NPUPALICHUS KOMIUIEKCHOM CTOXaCTHYECKOW Mephl B OKPECTHOCTH 4YacTOTHl @,

KOTOPBIC O6J'Ia,Z[aIOT CJICAYIOIUMHA CBOMCTBaMM.

M{dX }=0, M{dX, dX;}=0, w=4,

i (2.2.3)
M{dX,, dX[}=M{]dX, [}=S,, () do
rae S,, (@) - cnektp momHocTy curHana  X(t) :
Sy (@) =+ z R, (K)e', R, (k)=M{x{)x (t+k)}, k=0,+1+2,... (2.2.4)

k=-o0

rae R, (K) - xoBapmanmmoHHas MOCIENOBATENbHOCTh CTallMOHApHOrO curHama X(t).

dopmyna (2.2.4) ectb HHYTO WHOE, Kak psg Dypbe 27 -NEPUOIUUECCKON (DYHKIHH

S, (w) ¢ xoapdunmenramu Pypre, papusivu R, (K) . Jlokas3biBaeTcs, 4TO mpeaen psijia

(2.2.4), eciu OH CXOAUTCS, SBJSIETCS BEIIECTBEHHON M HEOTPHUIIATEIbHOM ByHKIHel. B

cury Toro, uto R, (K) sBmstorcs kodpdunmentamu ®Dypbe mias S, (@), MOXKHO

3alucarTh.
R, (k)= j S, (w)e™ dw (2.2.5)

Jlyis cTalMOHApHBIX M B3aUMHO CTallMOHApHBIX curHaioB X(t) m Y(t) xomriekcHbIH

Kpocc-cnekTp S, (@) ompenensercs ananoruyHo (2.2.4):
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Sxy(a))=i§ny(k)e‘i”’, R, (K)=M{x(t)y'(t+K)}, k=0,+1+2,.. (2.26)

rae R (K) — ecTb KpocckoBapualMoHHas MOCe0BaTeNbHOCTh curnanos X(t) u y(t),

S, (@) = SX; (w) . U3 npexncraBnennst Kpamepa (2.2.2) BbITEKaeT, 4TO
M{dX_ dY }= Sy (@) dw (2.2.7)

B cuny nezaBucumoctu £(t) ot X(t) dypre-kommonentsl dE, u 0X,_, opTOroHanbHSI:

M{dE,dX_ }=0. Orciona cinemyer:
H (@) = M{dY,dX "}/ M{dX dX} =S, (@) / S, («) (2.2.8)

®opmyna (2.2.8) maer pemenue s 3a1a4u HAXOXKICHUS ONTUMAIBHOW MEPeAaTOYHOM

(GYHKINU U3 YCIOBUS MUHUMYMa CIIEKTPa MOIIHOCTH OCTaTKa:

S..(@)do=M{| dE, [ }=M{| dY, — HdX,, [} min (2.2.9)

Ecnu npomuddepennupoBats Beipakenue (2.2.9) mo H u npupaBHATH MPOU3BOIAHYIO

HYJIIO, TO MOJy4uTCs ypaBHeHue (2.2.8).

Ecmu nocnenoBarensioctd X(t) wu y(t) xomeunsr: t=0,1, ...,(N-1), To

nepeaarouHasd (1)YHKI_[I/I$I MOXET OBITh OIICHCHA C MHCIOJb30BAHUEM IOUCKPCTHBIX

npeobpazoBanuii Pypee (AI1D):

(N-1) )
dM(@,) =D x(t)e™™, o, =jAo, Aa):%, j=01,...,(N-1) (2.2.10)
t=0

3HAYEHUS déN)(a)j) OmpeessiFoTess aHagoruduo. s Beraucienus: Benwunn (2.2.10)

HCIIOJIB3YIOT €€ A (PEKTUBHYIO POTPAMMHYIO pPeash3aIiio — OBICTPOE MpeoOpa3oBaHUE
®ypre (BIID), koTopoe 00buHO TpebyeT BoimonHeHus ycaosus N =2". Eciu N He

pasHo 2", To monosHuM curHan X(t) HyJsIMU 10 1MHBI, KOTOpast Oy/eT paHa 2", Tie
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M — MHUHUMAJILHOE LIEN0E Yucio, ais koroporo N < 2", JluckpeTHoe npeoOpa3oBaHue

dypbe 00paTuMo:

1 (= iw;t
x(t) =N > dM(@,)e" (2.2.11)

i-0
Crsa3p Mexay IO (2.2.10) u npexncrasinenuem Kpamepa (2.2.2) MOkeT OBITh JIETKO
MOJyYeHa W3 CICAYIOIMX HECTPOruxX paccyxaenuit. Ecim wmcmo orcuetoB N B

BBIOOPKE JIOCTAaTOYHO BEJIHMKO, TO MHTErpain (2.2.2) MOXXHO MPUOIIKEHHO 3alKcaTh B

BHUJC:
+T 2z ) N-1 | ¢
X(t)= [ e“dX, = [e“dX, ~ Y e”'AX, (2.2.12)
_r 0 j=0

rae AX o, - 3HAUCHHE CTOXAaCTUYECKOH CMEKTPANbHON Mepbl uHTepBana [w;, o; + Aw],
w; =27 jIN . Cpasrusas (2.2.11) u (2.2.12), nonyuaem: Aij ~ déN)(a)J—)/ N . Otcrona

CIICOYCT UACA MOCTPOCHUA HETTAPAMETPUICCKUX OLICHOK CIICKTPOB MOIIIHOCTH.
M{IAX, P}~ S, (@,)A0~M{]d" (o,) P} N? (2.2.13)

IMoncrasmss B (2.2.14) Aw =27/ N , monyuum:

d™ (@ YIP
5,(0) = MU (@)}, 19 =210 @214
27N
rae 1M (w;) - nepnonorpamma. Jlokaseisaercs (Brillinger, 1975), uto
M{I5 (@) }= [ 8, (DO (0-2)d2 - S,(w)
o (2.2.15)

1 sin®(Nw/2)
22N sin®(w/2)

oM (w) =
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O™ (@) - anpo Peiiepa, D™ (w) — &(w) - crpemnres k fenbTa-QyHKi Jlupaxa,

dopmyia (2.2.15) MoxkeT ObITh 3alMCcaHa TAaKXKe B CJACIYIOIIEM BHUIIE:

1 EN: (A-|k|/N)R, (K)e™™ =S_ () +O(/N) (2.2.16)

2r 3

M{1 (@) }=

o0
ecim z | KRy (k)| <. Takum 0Opa3om, CMEIICHHE EPHOIOTPAMMBI UMEET HOPSITOK

k=—0

N~. D10 cMmelleHME MOKXHO YMEHBIIMTH 3a CUET NPEABAPUTEIBHOTO CIIAKUBAHHUS
BBIOOpKH Ha KOHIax (T.H. tapering). B cimywae npeaBapurensHoro criaxuBanus 1O

3aIIUIICTCS B BUJIC.

(N-D)

d™ (@)= > g(t/N)x(t)e ™ (2.2.17)

rie 0<g(u)<luel01] - T.H Jyukuus oxnHa. Dynkuus g(u) BeIOMpaeTcs
CUMMETPHYHON OTHOCHTEJIBHO Y2 M IUTABHO Crajaromieil k rpanuiam otpeska [0,1].

Hwxe Bcrogy OyAeT NpuMEHSThCS TNOIMYJIIPHOE KOCUHYCHOE OKHO CTJIaXKHBAHUS:

(1—cos(zu/a))!2, O<u<a
gu)y=<1, a<u<l-gq, 0<a<05 (2.2.18)
(@—cos(z(l-u)/a))/2, 1-a<u<l

ra¢ ¢ — 4YaCTb AJIMHBI HMHTCPBAJIA Ha6HIOﬂ€HHﬁ WM BPEMCHHOI'O OKHA, KOTOpas
COKEPTBYETCS» Ha ONEPAIMIO CTIIKUBAHKS BHIOOPKHU C IEJIbI0 YMEHBIICHHUS CMEILICHHS
OIICHKH, BCIOAY HMKe Opanock 3HaueHne o =0.125. B cinydae npumeneHust popmyibl

(2.2.17) Bmecro (2.2.10) BeIpaxkeHUE ISl IEPUOIOTPAMMBI MOU(PUIIUPYETCS:
N-1
100 (@;) =1dM (@) 1 (27> 9% (kI N)) (2.2.19)
k=0

Maremarudeckoe 0XHuIaHue MOIU(PHUIUPOBAHHON nepuoorpammsl (2.2.19) paBHo
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M{IM(w)}= Tsxx(ﬂ)K(N)(a}—ﬂ) di (2.2.20)
rac

7 N-1
K™ (@)=|G" (@) P/ [IGM(A)[ dA, G™(w)=Y g(k/N)-e™ (2.2.21)
byt k=0

MoudunmposanHas nepuogorpamma (2.2.19) nmeer cmemenne nopsiaka N 2

M1 @) =5, (0) 5 T2 o) (22.22)

rie K - IOCTOSIHHAsA, paBHas KO3(QQUUMEHTYy NpU WieHe 2-ro MOpsJKa MaJloCTH

pasnoxxenus B psa Teitnopa pyHkuuu:

i | Y- 9(s/N)g((s+u)/N)
[ KM (@)edo = SN =1+xU/N)>+O((U/N)*)  (2.2.23)

B cuny cummerpun ¢yHkmun g(U) OTHOCHTENnbHO Y2 B pasznoxkenuu (2.2.23)

HPUCYTCTBYIOT TOJBKO YETHBIC CTENeHN Masiol Benuuuubl U/ N . U3 hopmyer (2.2.22)

CIIelyeT, 4TO CrIIa)KMBaHWE BBIOOPKM BpEMEHHBIM OKHOM ((U) maeT CyIIecTBEHHOE

YMCEHBIICHUE CMCIUICHUA JIUIIOb OJId JOCTATOYHO TJIaJKHX CIICKTPOB MOIIHOCTH, KOrjga
BTOpasd NMponu3BOAHAA paBHOMCPHO OT'paHUYCHA.

AcuMmnrorndeckas JAUCTICPCHs IEPUOJOTPAMMBI.

M{[ 1" (@) =S, (@) [} — S;() (2.2.24)

IIPUYEM ACUMIITOTHYECKOE pPaCHpeiesieHue IMEPUOAOrpaMMBbl I CTAllMOHAPHBIX B

Y3KOM CMBICJIE TayCCOBCKHX IPOIIECCOB €CTh:

2
159(@) =, Sul@) 2 (2.2.25)
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CrnenoBaTenbHO, TMEpUOAOTpPaMMa SBJISICTCS ACHMIITOTHYECKM HECMEIICHHOW, HO
HECOCTOSITEIbHOM OIIEHKOM CIIeKTpa MOITHOCTH, TIIOCKOJBKY €€ JUCIIepCUsi He
YMEHBIIIAETCS C POCTOM YHMCIa OTCYETOB. /[ MOJy4eHHS COCTOSITENbHOM OIIEHKHU
CIIEKTpa MONIIHOCTU HAJ0 YMEHBIIUTh JAMCHEpCHI0 nepuogorpamMmbl. Camblii
pacrpoCTpaHEeHHBIN CMOCO0 3aKITIOYAETCs B €€ CTIIaXXUBAaHUM B HEKOTOPOM YaCTOTHOM

OKHE 3aJIaHHOT'O paguyca m:

SM(w,) = I(N)(a) +kAw), o, +kAo=o0,, (2.2.26)

(2m+1) =

[lpu npubavKeHHH 3HAYEHHsS. YACTOTHI ®; K HYJIEBOW pajMyC 4YacTOTHOIO OKHa

ycpennenus B popmyiie (2.2.26) OyneT yMEHbIIAThCS — 3TO SIBISCTCS OTPAKEHUEM TOTO
¢axTa, 4TO CTATUCTUYCCKH 3HAYMMAs OIICHKA aMILIUTYIbl TAPMOHUKH BO3MOKHO JIUIIIb
B ClIyYae, €ClId €€ MEepPHOJ YKIAIbIBACTCs JOCTATOYHO MHOTO pa3 Ha JJIMHE BBIOOPKH.

[Tpu ucnonb3oBanuu oreHkH (2.2.26) UMEIOT MECTO CJICIYIOIIUE COOTHOIICHUS:

Se(@)

2. omad (2.2.27)

MESL (@)} = So(@), M{ISY (@) -5, ()} >

ACHUMITOTHYECKOE pachpeaeacHne OneHKd (2.2.26) Is CTaldOHAPHBIX B Y3KOM

CMBICJIC TayCCOBCKMX MPOLECCOB €CTh.

2
(@) A2(2m+1) (2.2.28)

S w.) ~ S
o ( ’)N%w “T2(2m+1)

Ecmu 3Hagenns m cacjaaTrb 3aBUCUMBIM OT N u 06€CHCI{I/ITI> m(N) —> 00, TO OLICHKA
N—o0

(2.2.26) Oymer aCHMOTOTHYECKH  COCTOSATCIBHOW.  AHAJOTMYHO  CTPOSITCS

NEPpHOJOIrPAMMHBIC OLICHKH KPOCC-CIICKTpa.

(N) 1 ) (N) _d)((N)(a)j)(d)(/N)(a)j))*
S )_(2m+1)k;| (0; +kAw), 157 (0)) = N (2.2.29)

OrieHKa MepexoHON YHKIIUU BBIYHUCIISIETCS, coriacHo (2.2.8), mo ¢popmyie
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H™ (@) =S (@)/ SV (0), A™(0)=|H™(0)] (2.2.30)

Acumnrotnaeckast npu N — oo jgucnepeus onenkn A™N (w) ammumtyHO#M acToTHOM

nepexoaHoN QyHKIMK paBHa:

'\ _ 1 Syy(a)) 2
var{A() }= @m+1) s, (@) ) (2.2.31)
rac
V9(@)=]8, (@) 1" (S (@)S,, (@), 0<y,(w)<1 (2.2.32)

— KBaJIpaT MOYJIS CIEKTPa KOTE€PEHTHOCTH, KOTOPBIA MOXHO MHTEPIPETUPOBATH KaK
YaCTOTHO-3aBHCUMBIM KBaapaT KO3 HUIMEHTa KOPPEISAILMHA MEXKIY ABYMS IPOLIECCAMHU
(Jenkins, Watts, 1968). 3nayeHue KBaapaTa MOJIYJS CIIEKTPAa KOTEPEHTHOCTH MOKET

OBITH OIICHEHO 10 (hopMyIe:
7S @) =155 (@) 1 (S5 (@)S () (2.2.33)

AcuMmnrorndeckas AUCIICPCHUA OLICHKU KBaApaTa MOAYJIA CICKTpa KOTCPCHTHOCTH

paBHa:

2
(2m+1)

var{(7," ()"} = (1-74(@)* 7y (@) (2.2.34)

N3 popmyiisr (2.2.34) BUIAHO, YTO €CIM UMEET MECTO JIMOO TOJTHAs KOPPEIUPOBAHHOCTh
¥y (®) =1, m160 noNHask HEKOPPEIUPOBAHHOCTS 7, (@) =0, To var{(7" (»))’}=0.
Ecnu BXoJ «4yepHOro sIuKa» sBISETCS N -MEPHBIM BEKTOPHBIM, TO B (opmyJe

(2.2.8) H(w) sBnsercs Takxke N-MEPHOH BEKTOPHOH KOMIUICKCHOW MepeIaTOYHOM

byHKIMEH 1 OHa 3aMUILIETCs B CIEAYIONIEM BUIE!

dY, = (H(e))"dX, +dE, (2.2.35)
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rae dX, — nN-MepHBIi BEKTOpP-CTONIOCL, COCTABICHHBIH M3 IpUpAIICHUI

OpPTOTOHAJIBHBIX ~ CIIEKTPAJIBHBIX ~MEp CKAJSPHBIX TPOLECCOB,  (HOPMHUPYIOIINX
BEKTOPHBIN BX0J. B aToM citydae dopmyna (2.2.8) mans ontuMaibHON MEpeaaTOIHOM

(GYHKLNU IPUMET BUJ:

H (@) = S, (@)S,, (@) (2.2.36)

rae M{dX_(dX )'}=S (w)dw, S, (w) - kBagpaTHas pasmepoM NxN 3pMuToBa (TO

€CTb HC MCHACTCA IHpHU TPAHCIIOHUPOBAHHMU U  KOMIIJICKCHOM COHpSDKGHI/II/I)
HCOTpULATCIIBHO OIPEACTICHHAad CIICKTpajlbHad MaTpHulla BXOAHBIX CHUTHAJIOB, Ha

JIMArOHAIIM KOTOPOM CTOST CHEKTPhI MOIIHOCTH CKAISPHBIX BXOIHBIX CUTHAJIOB, a BHE
JMaroHald — WX B3auMHble Kpocc-criektpbl, M{dY dX }= Sy(w)dw, S,(0) -
BEKTOPHAs! KOMIUICKCHAsI (DYHKIIUSI YaCTOTBI, COCTOSIIASE U3 KPOCC-CIIEKTPOB BBIXOTHOTO
CHT'HAJIa CO BCEMH CKAIISIPHBIMU BXOJHBIMU BO3JICHCTBUSMH.

OtrieHKa BEKTOPHOW MEPeXOAHONW (DYHKUIMH CTPOUTCS COBEPLICHHO AHAIOTHYHO
CIly4ar0 CKaJSIPHOrO BXOJAa. HAJO BBIYUCIUTH BCE MEPUOJOrPAaMMBI M KpOCC-
MEPUOIOTPAMMBI, YCPEJHUTD UX U TIOJYYUTh OLICHKU BCEX CIICKTPOB U KPOCC-CIIEKTPOB,
a 3arem cQopmupoBath MX HuX oueHku marpun S, (w) u S (®) W TpUMEHHTH
bopmyny (2.2.36).

OueHka TIEpexXOJHBIX YacTOTHBIX (DYHKIHMH IO3BOJIIET PELIMTh  3a0auy

KOMneHcayuy BIVSIHUS BXOJAHBIX BO3JACHCTBUI M HAXO0XICHUS BPEMEHHON pean3alluu
ocratka (). Ilycts H™(w) - ouenxa BEKTOPHOW TEPEeXOAHOW (QYHKIHH,
HOJIyYEHHAsT 10 Pealn3alisM BXOTHBIX BO3JCHCTBHH M BBIXOJA CUEPHOTO SIIHKA».
Manee, mycTb d(yN)(a)j) - 3naueHus JAI1® Beixona, a d(XN)(a)j) — KOMILJIEKCHBIN BEKTOP,

cocraBieHHbld u3 [IIIP Bcex BXOAHBIX BO3AEHCTBHU. Torga HETPyAHO ONIPENEIUTH

sHauenuss JI[I® OT HEKOTOPOro THUIMOTETUYECKOTO «OUYHINEHHOTo» curHama &(t)

corjacHo opMmyiie:
d™(@,)=dM (@)~ (H™ (@) "d™ (@) (2.2.37)

[Mpumensist oopataoe JAI1D k 3HadeHusm (2.2.37), MOITyIUM BPEMEHHYIO PeaTH3aIIHIO;
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1 & it
£(t) :W Z déN)(a)j)e “i (2.2.38)
=0

Ecnu MEPCXOAHBIC CBOMCTBa YCPHOI'O AlIUKa MCIJICHHO MCHAIOTCA CO BPpEMCHEM, TO

BO3MOJXHa pcajin3alrsa OLCHUBAHHMA MW KOMIICHCALIMK B aJAalITUBHOM BAapHWAHTC, B

CKOJIb3SIIIEM BpPEMEHHOM OKHe. B 3ToM ciyuae BbIOMpaeTcs HeKOoTopas UIMHA
BPEMEHHOTO OKHAa B L 0OTcYeToB, a caMO OKHO cMelaeTcsl 0 BPEMEHHOM OCH ClieBa

HalpaBoO Ha 3agaHHyl0 BenuunHy AL (taxke umcno orcyeroB), 1< AL<L. s

KOKJIOTO  TIOJIO)KEHMS]  BPEMEHHOIO  OKHA  HE3aBUCHMO  BBIUMCISIIOTCS  BCE
BBILIEH3JIOKEHHBIE OLeHKH. [Ipy 3ToM nepexonHas QyHKLIMS MOTy4aeTcsl 3aBHCALIECH
HE TOJIKO OT YaCTOTHl @ , HO M OT BPEMEHHOW KOOPAMHATHI TEKYIIETO OKHA 0OpabOTKH.
BribepeM B kauecTBe TakoW KOOpPAMHATHI MPaBblil KOHEL OKHA M 00O3HAYUM €ro 7 .
Taxkum 0Opa3oM, NPOU3BOIUTCA aHAIU3 (PparMeHTa CUTHAJIOB JUIsl BDEMEHHBIX OTCUETOB

t, ynosierBopsmomux HepaBeHCTBY: 7—L+1<t<7. [losToMy OLIEHKH TEPEXOTHOM
(QYHKIHH B TEKyIIleM BpEMEHHOM OKHE MO>kHO 3armcath Tak: H " (@, 7). AGcomorhble

3HAUCHMS ~ KOMIIOHEGHT  KoMIUlekcHoro Bektopa H"(®,7)  moryr  6wITh
BU3YQJIU3UPOBAHBl HA IUIOCKOCTH (@, 7) B BUJAE HEKOTOPHIX YaCTOTHO-BPEMEHHBIX

TUarpaMM U OCOOCHHOCTHM TaKMX JUarpaMM MOTYT ObITh BaxxHOW WH(oOpmammei o0
W3MCHECHUU BHYTPEHHUX CBOMCTB «YEPHOTO SIIIIAKAY.

Ecim uenpto amanTuBHOW 00paOOTKHM  SIBISETCS JIMIIb OICHKA W3MCHCHHS
NepEIaTOYHBIX CBOMCTB, TO BBIOOp CMeEIICHHs OKHa AL MOXeT OBITh JOCTaTOYHO
MPOM3BOJIBHBIM U JIMKTOBATHCS COOOpPaKCHUSIMH yI00CTBA WM OBICTPOTHI cueTa. Ecimu
JK€ IIENbI0 SBJIAETCS KOMIICHCAIMS BIIMSIHUS BXOJHBIX BO3IECHCTBHHA, TO HEOOXOIHUMO
BbIOpaTh 3HAUCHHE CMEUIeHHUs] MUHUMAaNbHBIM AL =1, uToObI H30exaTh apTeakToB B
KOMIICHCUPOBAHHOM CHTHaJIe. BhIX0JHOM curHai GuibTpa KOMIICHCAIIUU JODKEH ObITh
TaK)Ke 3alHMCaH B BUJE, MOTYCPKHUBAIOIIEM €T0 3aBHCUMOCTH OT TOJOXKEHHS W JTMHBI
CKOJIB3SIIET0  BPEMEHHOIO  OKHAa: Al (t,7),7—L+1<t<7. W3  BBIXOJIOB
KOMIICHCHPYIOIIET0 (PriIbTpa IS KaKJI0r0 BPEMEHHOTO OKHA (POPMHUPYETCS UTOTOBBII

curnan &'

(t),0<t<(N-1) amantuBHOW KoMmmeHcaluu. Ilpu 3TOM IS TEPBOrO
CKOJIB3SIIEr0 OKHa (IIPMMBIKAIOIEro K MEPBOMY OTCYETY) BBIXOAHOH curHan &b (t)

dopmupyercs u3 3Hauenmii & (t,7) Ha TepBoil MOJNOBMHE OKHA, JUIS IIOCIIEIHETrO

BPEMEHHOTO OKHa (IIPUMBIKAIOIIETr0 K TOCIeIHeMy OTcueTy) — u3 3Hauenmii & (t,7)
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Ha BTOPOM IIOJIOBUHE OKHA. JlJIA BCEX MPOYMX BPEMEHHBIX OKOH g(oL) (t) dopmupyercs

W3 enquHCTBeHHOro 3HaueHHs &7 (t,7), COOTBETCTBYIONIETO OJHOMY IIEHTPATBHOMY

OTCUETY BHYTPH OKHA.

Bonpiiasi 4acTb BpEMEHHBIX PSIOB CHCTEM MOHUTOPHHIA MPHUPOIHBIX OOBHEKTOB
SIBJISICTCS HU3KOYACTOTHBIMH, TO €CTh C YMEHBIIEHHWEM 4YacTOThl CIIEKTP MOITHOCTH
pacTter, MpUYEM 4YacTO IO CTENeHHOMY 3akoHy. llocienHee oO3Ha4aeT CHIBHYIO
HECTAIIMOHAPHOCTh BPEMEHHOTO Psiia Ha JFOOBIX, CKOJIb YTOJHO OOJBIINX BPEMEHHBIX
uHTepBasiaXx. IlodTOMy mpHUMEHEHHe JHMHEHHBIX OIIEHOK TEPEeXOMHBIX (DYHKITHMA
HEIMOCPEICTBEHHO K MCXOJHBIM JaHHBIM HEBO3MOXXHO. OOmMM mpueMoM OOpHOBI C
HECTAIIMOHAPHBIM TOBEJCHUEM SIBIISIETCS MEPEX0] OT MCXOIHBIX BPEMEHHBIX PSAIOB K

psimam B mpupanienusx &(t) = x(t) — x(t —1) . Basrue npupaiiienuii ¢ 4acTOTHON TOYKH

3peHHs SABIACTCS JTHHEHHBIM (QHIBTPOM C TIepexoHol GyHkiueii 1—e ™ . TIockonbKy B
dopmynax (2.2.30) u (2.2.36) ¢urypupyer OTHOIIEHHE CIEKTPOB, TO OJHOBPEMEHHOE
OPUMEHEHHE OJTHOTO U TOTO K€ JMHEWHOro (puiabTpa KO BCEM BXOIHBIM M BBIXOJHBIM
curHasiaM (opMajbHO HE JOJDKHO BIHSITH Ha OICHKY MEepeXOaHOW (YHKIMU KYEpHOTO
smuka». Ho QakTtudeckn mepexoj K NMPHUPALICHUSAM M, KaK CIEICTBHE, MOAABICHUE
HHU3KHUX YacCTOT, MTOJIOKHUTEIFHO BIHMSAET Ha KAYECTBO OLEHKH, TaK KaK IPH 3TOM CHIIBHO
YMEHBIIAETCS TPOSBICHUE IMKINYECKOro 3(p(dekra ITUCKPETHOro mpeoOpa3oBaHUs
@ypbe 0T KOHEUHOU BBIOOPKH.

IIpu mepexome K TPUPAMIEHUSAM MPOUCXOTUT MOJABICHWE HU3KHX U
NOAYEPKUBAHUE BBICOKMX YacTOT. B HMCXOAHBIX TaHHBIX MOTYT OBITH JOCTaTOYHO
pe3Kue BapHallMd CHTHAJIOB, OOJOBJEHHBIX Kak CaMoOil MpHUPOJOH HU3MEpPSEMBIX
BEJIMYMH, TaK U COOSMHU CHUCTEMbI PErucTpauud. B mpupameHusx 3TH 0COOEHHOCTH
OyAyT TpOSIBIATHCS B HAJIUYUU JIOCTATOYHO PEIKHUX, HO BBICOKOAMIUIUTYIHBIX
BBIOpOCOB. [TocKONMBKY JMMHEIHBIE YaCTOTHO-3aBUCUMBIE OIICHKH NEPEXOHbBIX (QYHKIIUHA
OTKJIMKA (DaKTHUYCCKH HCIIOJB3YIOT METOJ HaMMEHBIIHMX KBaapatoB (dpopmyna (2.2.9)),
TO BBIOPOCHI MPUBOAAT K CMEIIEHUIO OIICHOK, YTO SIBISETCS M3BECTHOH mpobiemoit
METOJa HaWMEHBIIMX KBajaparoB. [loaToMy BCIOQy HHXKeE, TMepel OLEHKOM
MepeaToOuHbIX (PYHKIMH B TEKyIIeM BPEMEHHOM OKHE, MPOM3BOJIMIIACEH OIEpaIus T.H.
«BuH3opm3anuu» (Huber, 1981) win uTepaTuBHOrO ycTpaHEHHS OONBIIMX BBIOPOCOB:
BBIYMCIICHUE CPEIHEro 3Ha4eHUs X , CTaHAAPTHOTO OTKJIOHEHHS O , OIEpaluyl CPe3KH
3HAYCHUH BPEMEHHOTO PsAZa BHYTPH TEKYILETO OKHA, BHIIAJAIONINX 32 YPOBHH X =30,
Y TIOBTOPEHHSI 3TON MOCJICAOBATEIBHOCTH 3-X OIEpaIMii 10 TeX MOp, MOKa 3HAYEeHUs X

U O HC INCPECTAHYT MCHATBHCA.
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Ecnu pemaercst 3aja4ya KOMIICHCAIIMM BHEITHUX MOMeX (KBXOHBIX» BO3ICHCTBHUH),
TO TIpPEeJBApUTEIbHBIC ONEpAlMH INepexoJa K MPUPAIICHUsIM, BHH30pH3alUN U
KOCHHYCHOTO CritakuBaHus Ha KoHIax (dpopmyna (2.2.18)) npousBoasTCs JMIIb IS
ouleHKU mnepenarouHoi ¢ynkiuu. Ilocne Toro, kak (yHKUMS OTKJIMKA OLICHEHA, IS
COBEpILICHHUSI CaMOM oOmepaluyd KOMIIGHCAllMM HEOOXOAMM JIMIIb TEpPexXo] K
NPUPAIIEHUAM, TaK BCE MPOYHE OINEpalyy, OYEBHIHO, MCKA3SIT KOMIICHCHPOBAHHBINA

(L)

curHan ¢,’(t). UYto ke KacaeTcd mepexoja K IPUPAILCHUSAM, TO 3Ta JIMHEHHas

orepanus Jerko oopatuma MyTeM MOCJIeI0BATEILHOTO CyMMHUPOBAHUSI BCEX OTCUETOB
(nHTErpHpOBaHNs), HAUMHAS C HEKOTOPOrO HAYaIbHOTO 3HaYeHUs. BbIOOp HavanbHOTO
S3HA4YCHHUA AOOCTATOYHO HNPOU3BOJICH W HC BJIMUACT Ha q)OpMy IIOJIYUYCHHOI'O
KOMITCHCHPOBAHHOTO cHurHaja. Jljist Toro, 4ro0bl ObUIO yA0OHO CpaBHUBATH PE3yJIbTAT

KOMIICHCAIlUKM € HCXOIHBIM BPCMCHHBIM PsAOM, OOBLIYHO HaYaJbHOE 3HAYECHHE JJI

MHTETPUPOBAHMS BPEMEHHOTO psla KOMIEHCHPOBAaHHBIX —mpupamenuii &4 (t)

BBIOUPAIOT PaBHBIM HAYaJIbHOMY 3HAYCHHUIO UCXOAHOTO curHaia. B padore (JIroOymiuH,
1993; JIroOymuH, Jlateiauna, 1993) onucanHast BbIlie METOAMKA ObUIA MPUMEHEHA IS
COBMECTHOH KOMIICHCAIIMM BIIMSHUSA TEMIEPAaTypbl M aTMOC(EpHOro JaBJICHHS Ha
NoKa3aHus J1e(hOPMOMETPOB B DIHIECHTPAIBHOW 30HE PauWHCKOro 3eMIIeTpSCEHUs B
I'py3un B 1992 r.

JIpyruM  METOZOM  OIIGHKH TEPEXOJHBIX YaCTOTHBIX (YHKIMH  SBIACTCS
UCIIOJIB30BaHUE MapaMETPUUECKUX Mojened. M310KuM KpaTKo 3Ty METOIUKY JIHIIIb
JUTS CKaJIAPHBIX BXOJHOrO M BhIxogHOro BosuaeiictBuii X(t) um y(t). Ee 0000menue Ha
MHOT'OMEPHBIN Clly4al TOBOJBHO IPOMO3JIKO U HEYCTOMYHMBO C BBIYMCIUTEIBHON TOYKHU
3peHust. PaccMOTpUM MOJEib, ONKCHIBAMOIIYIO CBSI3b MEXKIY JBYMs CIy4YaiHbIM

mporeccamu (Kashyap, Rao, 1976):
p q m
y(t)+ Z a, y(t—k) =byx(t) + ij X(t—j)+d+ Z;/k g, (t) +e(t) (2.2.39)
k=1 j=1 k=1

3nece a,k=1..,p, b, j=0,.,4d, d,»,k=1..,m — uckomble napamMmeTpsl MozIENH,
d - mapamerp crarmyeckoro cmemenus, ¢, (t) — 3agaHHBIE AETEPMUHHMPOBAHHBIC
(GYHKIIMKM BpPEMEHH, OMMCHIBAIOIIME TPCHbI, Hanmpumep, nukiamdeckue (1.1.1), &(t) -

Genblii IyM ¢ HyJIeBBIM CPeIHHM U aucrepcueit o’ . Amanormuno dopmymam (1.1.4,

1.1.5,1.3.2) BBenem (P + Q-+ M+ 2)-MepHBIC BEKTOPBI:
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Z(t) = (-y(t=1),...,—y(t = p), x(¥), X(t =1),..., x(t =), 1, g, (1), ... 9 (1))’

; (2.2.40)
C= (all"'laplbOIbll"'quldlyll"'lym)
u 3anuineMm (2.2.39) B komnakTHo popme, anamorunyato (1.3.3):
X(t)=c"Z(t)+&(t) (2.2.41)

Jns upenTruduKanuy napameTpoB Mojaenu (2.2.41) npumeHsicst poOacTHBIN METOSI,
omucanubii B ml1.1 (popmymer (1.1.7)—(1.1.10)), KOTOpBI SBIASETCS METOIOM
MaKCHMallbHOTO mpasaononoous s miotHoctr (1.1.3) pacmpemesneHust ocraTka
uneHtupukammu (). 3ameTHM, YTO B Ciy4ae MNpPEABAPHUTENHLHOrO Iepexoia K

m
NPUPALICHUSIM HCIOJIb30BAHUE CIIAaraeMoro Z 7.0,() B (2.2.39) moxer OBITH
k=1
W3JIMIITHUM, TaK KaK HU3KOYaCTOTHBIC BapHUaIlMK B 3TOM CIIydae YCTPAHEHBI OTepaIuei
muddepennmpoBanus. Taxke HM3NMIIHEH SBISETCS  ONEpalus BHH30PH3AINH,
MOCKOJIBKY MCTIOIB3yeTCsS POOACTHBIN METOJ] MAKCUMAIBHOTO TIPaBIOTIO00USI.

[Tocie omenku mapamerpoB moaenu (2.2.39) mepematouHass (QYHKIHMS «YEPHOTO

SIIMKA» BBIYUCISICTCS B BUJIC OTHOIICHHS IBYX KOMIUIEKCHO3HAUHBIX MOJIMHOMOB OT

9acTOTHI 10 popmyTe:

H(w) = (b, +Zq:bje”“) (1+Zp:ake"k‘“) (2.2.42)

Jlnst BbIOOpa 3HAYEHHMH MNEPBHYHBIX (WM CTPYKTYPHBIX) MapameTrpoB P,d,Mm

MOYKHO BOCIOJIb30BaThesi kputepueM Akauke (Akaike, 1974; Kashyap, Rao, 1976),
KOTOpPBIi B 00ImeM ciydae (HOpMYyJTUpPYeTCs KaK IMOMCK TaKOro YHcia IapaMeTpoB
MOJICTTH WJIH JaXKe TaKOW MOJIENH /ISl pacCMaTprBaeMoro Habopa JaHHbIX X , KOTOPbIC

PCAIN3YIOT MUHUMYM BEJIMYMHBL:

AIC = —ngax(In(A(X | 9))+n, > min (2.2.43)

3nece § - BekTop mapaMeTpoB cratucthyeckod moaen, A(X |9) - dyHkums

paBAONoOAo0us MOJENnH, N, - YHCIO MapaMeTpoB WM pa3MEPHOCTb BeKTopa .
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Ao66pesuarypa AIC o3nauaer Akaike Informational Criterion — undopmannoHHbIIR
Kkputepuii Axkauke. B ciyuae momenu (2.2.39) kpurepwmit (2.2.43) MOXHO 3amucarth B
BUJIC:

AIC =LIn(s)+(p+g+m)— min (2.2.44)
p.g,m

31CCh L - AJInHa BPEMCHHOI'O OKHa B OTCUCTAaX HIIN Bcel BbI60pKI/I, S - OLCHKa

napameTpa maciirada miotHoctH pacnpenernenus (1.1.3) ocratka £(t) . C yBenuueHuem
obmero uncna (P+Q+M) mapaMeTpoB MOJAEIH OICHKA S MOHOTOHHO HEBO3pPACTaeT

(4amre Bcero MOHOTOHHO YOBIBAeT, B CHJIYy MOATOHKH K OJHUM M TEM K€ JaHHBIM OoJiee
OoraToii MojenM), MOITOMY JieBas 4acTh BbIpakeHUs (2.2.43) mocturaet MHHUMyMa
IpU HEKOTOPOM uX Habope. [Ipu OlleHKe B CKOJB3SIIEM BPEMEHHOM OKHE MPUMEHEHUE

kputepus (2.2.44) 3aTpyiHEHO, TaK OH MOXKET BbIIABaTh Pa3HbIe COYETaHUs P,(, M s

pa3Hbix OKOH. [loaTOMy B 3TOM cilydyae MOHEBOJIE HEOOXOAMMO PYKOBOJICTBOBATHCS
He(OpMaTbHBIMA  COOOpPaXEHUSMH  3[PaBOrO CMBICTIA, HANpUMEp, ONPEACITUTH
CTPYKTYPY MOJENH JIMIIb JJIsl TIEPBOTO OKHA, a JJISi BCEX NMPOUYUX YXKE MPUMEHSTH €e
onuHakoBoil. Ilpu ouenke (QyHKIMKM OTKIMKAa B CKOJB3AIIEM BpPEMEHHOM OKHE
BenuunHa AIC CTaHOBUTCS TOJIE3HOW CTATUCTHKOW, pearupyronieid Ha W3MEHEHUE
NepeJaTOYHbIX CBOICTB BPEMEHHBIX PANOB. B 4acTHOCTH, €clii OHA MHpeTepreBacT
YBEIMUYEHUE IO CPABHEHHUIO C COCEIHMMHU OKHAMH, TO 3TO MOXET TOBOPUTH 00
M3MEHEHUH XapakTepa CBS3M MM O €€ CYIIECTBEHHOM OTKJIOHEHHUH OT JUHEHHOTrO
3aKOHa.

B paborax (JIrwoOymmu u ap., 1992; JlwoOymmwmu, Manyrun, 1993; JlroOymuH,
Jlexxues, 1995) mapameTpuyecKuii METOJ OICHKH (YHKIMH OTKIMKA ObUT IMPUMEHEH
JUISL  3aJa4d  MCCIIEJOBAaHUS HECTAIMOHAPHBIX YaCTOTHO-3aBUCHUMBIX  OTKIMKOB
nedopManuii ¥ ypoBHS TOJ3EMHBIX BOJ Ha atmochepHoe naBieHwe. Oba MmeTona,
OCHOBaHHBIA Ha MpeoOpazoBanun Dypbe M MapaMETPUUECKHM, TAIOT TPUOIUZUTEITHHO
OJIHM M T€ € OICHKH, HO MapaMeTpUyecKuil MeToj] oOecrieuuBaeT Oolsiee TIaIKuE
3aBHCUMOCTH OLIGHOK OT 4acTOThbl. OOBIYHBIA MyTh IMOJyYEHHS OLEHOK COCTOUT B
HCIIOJIb30BaHUU 000MX MOJIXOJ0B M BbIOOPA TaKOW MapaMeTpUyYecKOil MOJEIH, KOTopast
HAaWIy4lIuM  00pa3oM  TMOATBEpXkKJaeTcs Kak KpurepueM AKauke, Tak U
HenapaMeTPUUeCKO OLIEHKOH.

B kauecTBe mepBoro mpumMepa, pacCMOTPHM BpPEMEHHBIC DPSIIbI BapUaIlUil YPOBHS
NOJ3eMHBIX BOJ U atMochepHoro aasieHus, m3mepeHnoie B O6nuncke ¢ 05.06.1986,

Havyaso B 12:00, mmmua BpeMeHHBIX psiioB — 7209 yacoBbIX oTc4eToB. CKBa)KMHA
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npoOypeHa J0 BOAOHOCHOTO ropu3oHTa Ha TiayomHe 200 M, M3MEpeHHs BBIIOJTHECHBI

B.A. Manyrussim.
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Puc.2.5. (a) u (0) — Bapuanuu aTMoc(hepHOTo JaBJICHUS U YPOBHS MMO3EMHBIX BOJ B

CKBa)XKMHE, BCKPBIBAIOILEH BOZOHOCHBIM ropu30oHT Ha riryoune 200 m B OOHUHCKE, HavaIo

m3mepennii — 05.06.1986, 12:00, nauna BpemeHHBIX psgoB 7209 vacos; (B) — pe3ynbrar

KOMIICHCAIIUX BJIMSTHUSA aTMocq)epHoro JaBJICHUA Ha YPOBCHDb B CKOJIL3AIIEM BPEMCHHOM

oKkHe JuiHO# 672 uaca (28 cytok); (r) — noenenus kputepust AIC (bopmyna (2.2.43)) npu
otieHuBaHUU Moenu (2.2.39) B CKONB3SIIEM BPEMEHHOM OKHE JTHHOM 672 yaca co
cMentenne 24 yaca s mogenn P =1, =5,m=0; (1) — yacToTHO-BpeMeHHAas JrarpamMma

SBOITIOIIMY AMIUTUTYIHOHN TIepeaaTOuHON (QYHKITHH.

Hcxonuble maHHble u300pakeHbl Ha puc.2.5(a) u 2.5(0). Bugna cuabHas

KOppeJsiliisl Ha HU3KHX, JOMHHHUPYIOIIMX, dYactotax. Ha puc.2.5(B) mpeacrasieH
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rpaduK KOMIIEHCHPOBAHHOTO YPOBHS TMOA3EMHBIX BOJ] B CKOJIB3SIIEM BPEMEHHOM OKHE
mumHOUM 672 vaca (28 cyrok). Jlamee mist 3TOM mapsl BPEMEHHBIX pPSAOB Oblia
NpOBEJCHA IapaMeTpHyecKas OLEHKa aMIUIUTYJHOH YacTOTHOM IepeaaTOYHOM
(YHKIMU B CKOJB3SIIEM BPEMEHHOM OKHE TOM k€ JUIMHBI 672 oTcyera, B3STOM CO

cMmereHreM 24 vaca. Vicnosnb3oBanack mojens (2.2.39), npuyem p=1,q=5m=0. Ha

YaCTOTHO-BPEMEHHOH auarpamMme puc.2.5(m) mpencTaBieHa SBOIONUS aAMILIUTYTHON
YaCTOTHOW MepeNaTouyHOM (DYHKUMU B 3aBUCHMOCTH OT MOJIOXKEHHS MPaBOr0 KOHIA
CKOJIB3SIIIIETO BPEMEHHOTO OKHA. BHUIHO, 4TO B KOHIIE HHTEpBaia HAOIIOICHUS UMEETCS
aHoMmanusi (YHKIUU OTKIWKA, 3aKJIIOYAIONMAsACs B 3HAYUTEIIBHOM YMCHBIICHUU
aMIUIMTYAbl OTKJIMKA, OCOOCHHO Ha BBICOKMX YacTOTax. JTa K€ aHOMAaJIUs OTYETIUBO
BuiHa Ha rpaduke kputepus AlIC B Bujae ero yBenuueHus — puc.2.5(r).

Kak mokasano B (JIroOymmH, Manyrun, 1993), B 3TOT e HMHTEpBal BpEMEHH
MPOU3OILIO YBEIWYCHHE CIIEKTpa MOIIHOCTH BapHaluidi aTMOC(HEpHOro TaBiCHHUS Ha
nepuogax ot 2-x go 10 wacoB. Beuio caemano mpeanosioKeHWe, YTO HaJOKEHUE
MO3aUYHOCTH BBICOKOYACTOTHBIX BapUaliii aTMOC(PEPHOTO JABJICHHS Ha ITUX
nepuoAax Ha MO3aMYHOCTbh OJIOKOBOI'O CTPOEHHUSI 3€MHOM KOpPbI MOXET MPUBOAMUTH K
YBEIMUEHUIO BEPTUKAIbHBIX JBIDKEHUH ManbiXx OJOKOB M, KakK CIEJICTBUE,
YMEHBIIICHUI0O TPOYHOCTH CaMbIX BEPXHUX CJIOEB KOpHl. BnusHue armocdepHOro
JABJICHUS HAa YPOBEHb IMOJ3EMHBIX BOJI B CKBOKWHE CKIAIBIBACTCA W3 JBYX,
MPOTUBOIIOJIOKHO  HAaNpaBJICHHBIX Bo3aecTBuil. IlepBoe Bo3meiicTBHE — 3TO
3aTaJKUBaloIlee BIMSHHE aTMOC(HEPHOTO JaBIICHUSI Yepe3 OTKPBITOE YCThe CKBAKHHBI,
a BTOpPOE — BBITAJIKMBAIOIEE, TTOCKOJIbKY YBEIHYCHHE JTABICHHUS Ha y4acTOK KOPHI B
OKPECTHOCTH CKBaXMHA IIEPENaeTCs Ha  BOJOHOCHBIM  TOpH30HT. (OOBIYHO
3aTaJKMBAIOIEe BIMSHUE NMPEBOCXOAUT BBHITAIKUBAIOLIEE, YTO OTUETIMBO 3aMETHO I10
AHTHKOPPEIUPOBAaHHOCTH Bapuarmii Ha puc.2.5(a) u 2.5(6). Ho ecimu mpodHOCTH
BEPXHHUX CJIOEB 3€MHOHW KOpBI Ociabia, TO BBITAJIKUBAIOINIEE BO3JCHCTBHE HAYMHAET
0oJiee cepbe3HO KOHKYPHUPOBATH C 3aTAKUBAIOIINAM, YTO U MIPOSBIISIETCS B YMCHBIICHUN
aAMIUTUTYbl OTKJIMKA Ha puc.2.5(1). DToT 3 (eKT T0BOIBHO CKPHITEH U HE3aMETCH 110
BapHallMsIM HMCXOJHBIX JaHHBIX, TOTJa KaK OLEHKa IMepelaTouyHol (QYHKIUH B
CKOJIB3SIIIIEM OKHE TIO3BOJISIET €r0 IeTEKTUPOBATb.

Takum 00pa3oM, 3TOT METOJ MOXKET OBITh HCIIOJIB30BAH JIJIi KOHTPOJS 32
MPOYHOCTHBIMU  CBOMCTBAMHU 3€MHOM  KOpbl. @DaKTMYECKM OH OCHOBaH Ha
WCIIONIb30BAaHUU BapHalii aTMOoc(epHOro [aBJeHHs KaK MOIIHOTO €CTeCTBEHHOTO

30H/IMPYIOIIET0 CUrHaja. 3aMeTUM, 4TO TOT ke 3(dekT Obul 0OHApYX EeH MO APYTHM
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ypoBHeMepHbIM gaHHbIM (JIroOymuH, Jlexunes, 1995; KombuioBa u mp., 2000), Torna
KaKk MpU aHAJOrMYHOM aHanu3e aedopmomerpuyeckux naHHbix (JIroOymun u ap.,
1992) on He ObUT OOHAPYIKEH.

Bropoil mpumMep Takke Kacaercs NaHHBIX BapHalMi yPOBHS IOJ3EMHBIX BOJ,
u3MepeHusi npoBeneHbl B MockBe  (tepputopus lleHTpanbHOTO  MHCTHUTYTa
TpaBMaTojorui u oproneauu). Mamepenus mposeaeusl O.C. Kaszannesoii. OcoOyro
[ICHHOCTh 3TUM HAOJIOJCHHUSAM MPHUIAET coueTaHue ux JmutenbHoctH (¢ depams 1993
r. mo Hagaino 2005 r., T.e. okomo 12 jer) ¢ ux Tounocthio (0.1 MM BomHOro CcTOj0a),
BBICOKOM YacToToi ompoca natdukoB (1 pa3 B 10 MHUHYT) ¥ KOMIUIEKCHPOBaHHEM
OJTHOBPEMECHHBIMHA ~ HAOJIOJICHUSIMH 32 HW3MEHEHHSIMH aTMOC(HEPHOTO  JaBJICHUS.
CkBaxxuHa mnpoOypeHa Ha rinyouny 404 wmerpa, umeer aOCONIOTHYIO OTMETKY
YCTaHOBHBILETOCS YPOBHS -79 M.

Ha puc.2.6(a) u 2.6(0) mpeacraBieHbl HCXOAHBIC TpadUKU HAOMIOACHHUN 32
BapHallUsIMH YPOBHEH B CKBOKMHE M BapHAlMSIMH JaBJICHHUsS 3a nepuo] BpemeHu c¢ 02
despana 1993 r. mo 01 suBaps 2005 r. YpoBeHb HMMeEET ABa YETKO BBIPAKECHHBIX
MoJbeMa OT UCXOJTHOTO 3HAYCHHS Ha 3 METpa 3a MepUoAbl BpeMeHH 1o 3.5 roa, 3arem,
B Te€UYeHHE mpuMepHO 3.5 neT ypoBenb octaBaics B mpenenax 0.5 -0.8 m, u ¢ 2004 r.
Havyajoch ero cHmwkeHue, aocturmee Kk Hadamy 2005 r. -2 M. ['omoBbie Bapumaiuu
YPOBHS BBIPa)KEHBI CJ1a00.

OneHKH TepeaTOuHbIX (QYHKIUH CTPOMIIMCh HEMapaMETPUYECKUM METOJIOM,
OCHOBaHHBIM Ha MpeobpazoBannu Dypbe «BXOAHBIX» (aTMOC(epHOE HaBICHHE) H
«BBIXOJHBIX» (BapHallMy YPOBHS) CUTHAJIOB, BHIYMCIICHUU UX B3aUMHOW CIIEKTPaIbHOU
(GYHKIMHM U CIICKTPa MOIIHOCTH «BXOja» (C MOMOIIBIO YCPEIHEHHs TIEPHOJIOTPaMM |
KPOCC-TIEPUOAOTPAMMBI) M OTHOIICHHSI KPOCC-CIEKTPa K CIIEKTPY MOIIHOCTH ((hOpMyIIbI
(2.2.17), (2.2.19), (2.2.29), (2.2.30)). bonbuioit aMana3oH TEPUOJOB CO3TABAI
TEXHUYECKUE TPYAHOCTH JIJIsl TIOJYYSHUS OLIEHKH Cpa3y I10 BCEil BRIOOPKE.

[TosTOMy OILIEHKH CTPOMIIMCH CIIMBAaHHEM 3-X Pa3IMYHBIX OICHOK. J{s mepnonoB
or 20 muHyT n0 10 YacoB OIEHKAa CTpOMJAch IYyTEM YCPEIHEHHS I KaXIOTo
3HAYEHUS YaCTOTHl MEPUOJOTPaMM HCXOIHBIX 10-MHHYTHBIX BpPEMEHHBIX DSIIOB,
NOJYYCHHBIX B CKOJB3SIIMX BpEeMEHHBIX oOkHax juuHoM 2048 otcuetoB (c
NpeBapUTEIFHBIM YIAJICHHEM JIOKAIBHBIX JMHEWHBIX TPEHIOB B KaXIOM OKHE H
MOCJICAYIOIIUM TIEPEX0JI0M K TMPHPANICHUAM) M 3aBEPINAIOIIUAM YCPEIHEHHEM 10

o -4
JaCTOTE CKOJIB3SAIIMM YaCTOTHBIM OKHOM paamyca 20 3Hauenuii wactoThl (9.7-10

-1
muH ). Jns nmepuomo or 10 go 100 wacoB olleHKa CTPOMIIACH AHAJIOTMYHO, HO IS
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BPEMCHHBIX PSJIOB IMOCJIE mepexoja K 1l-4acoBbiM orcueTaM (MyTeM YCpPEIHCHUS H
HPOpeXKUBaHUS B 6 pa3 HMCXOMHBIX PSAAOB), NPH ITOM pPAAUYC OKHA YaCTOTHOTO
YCPEIHECHHS CTajl paBeH 9.7-10 % wac ™. Haxonen, mns ouenku st nepuonos ot 100 mo
30000 yacoB oOCymIECTBISUICS MpPEABApUTEIbHBIA Tepexoa (Iociae yCpeaHEHHUS W
HPOPEKUBAHUE HMCXOMHBIX AaHHBIX B 144 paza) k 1-cyTOYHBIM OTCYETaM, OLCHKa
CTpOMJIACh AHAJIOTWYHO, HO MPU ATOM JJIMHA CKOJIB3SILEro BPeMEHHOIo OKHa Opajach
1024 orcuera, a pagMyc 4acTOTHOro ycpemHenus — 10 3madenmii wactorsr (9.7-107
cyt ).

Ha pwuc.2.6(8) mnpencraBieHsl rpapuKd OIIGHOK KBajapaTa MOIYJS CIEKTpa
KorepeHTHOCTH (2.2.33) M aMIUIMTYHOHW YACTOTHOW MepelaTOYHON (QyHKIUU.
Ilepenatounast GyHKIMS HMEET KIACCHYECKUH BHA C HMHTEPBAIOM ITOCTOSIHHBIX
3HayeHni («pabouunii auana3on mnpubopa») mis nepuomos ot 20 go 1000 wacos. Ilpu
yJaJeHUU 3HAYEeHUH Ieprojia OT 3TOTr0 «paboyero Auana3zoHa» rnepenaToyHas QpyHKIus
IIaBHO yMmeHbmnaercs. Ha puc.2.6(1) mokasan (parMeHT MCXOIHBIX JaHHBIX (cepast
JIMHHS) U KOMIIEHCUPOBAHHBIX OT BIUSHUS aTMOCHEPHOTO JaBJICHHS C UCIIOIb30BAaHUEM
YAaCTOTHOM TMepeAaTodyHOil (yHKUUH, OICHCHHOW Bbime (uepHas muHMs). JnuHa
¢dparmenta — 1500 yacoB (mns Bcell BHIOOPKM CpaBHEHUE 3aTPyIHEHO HM3-33 CHIBHOTO
JOMHHUPOBAHUS HU3KUX YacToT ¢ mepuomamu 3.5 roma). s kommneHcanmu
UCTIONIB30BAJach BCA BBIOOPKA cpasy, TO €CTh HE B CKOJB3SIIEM BPEMEHHOM OKHE,
MOCKOJIBKY IS 3TOTO TOPU3OHTa IepexonHas (yHKIMS JJOBOJBHO CTallMOHapHA
(HanoMHuM, 4to miyOuHa 3aneranus miacta 400 M — B 2 pasa riyOke, 4eMm B
npeabiayeM npumepe). M3 cpaBHEHHS HCXOIHBIX M KOMIICHCUPOBAHHBIX CHTHAJIIOB HA
puc.2.6(x) BUAHO, HACKOJIBKO NPHWIMBHBIC BAPHALMU YPOBHS TOHYJIHM» CPEIOH IIyMa,
00YCIIOBIICHHOTO BIMSTHHEM aTMOC(HEPHOTO TaBJICHHUS.

Ha puc.2.6(e) npencrasiensl rpaduku OIEHOK CHEKTPOB MOIIHOCTH HCXOJHBIX
JaHHBIX (Cepasi JIMHKS) U KOMIICHCHUPOBaHHBIX (uepHast smHus). i1t Toro, 4To0bI ObLIa
BO3MOXKHOCTh BH3YQJIN3UPOBATH CIEKTP MOIIMHOCTH JUIS BCEX IEPUOJOB, JOCTYITHBIX
JUIs. OLICHKHM BCJIEJICTBHE OYEHb JUIMHHOW pealu3aluu, Obul mpuMeHeH meron bypra
(bopmymna (1.3.5)) mocne nmepexona MyTeM yCPETHEHHUS M MPOPEKHUBAHHS JTAHHBIX B 6
pa3 k uHTepBaNy auckperm3aruu 1 gac, uro odecneunio 113089 orcueros. beura B3sita
BCS BBIOOpKA M MCHOJB30Bajgack Moaenb aBroperpeccun 2000-ro mopsiaka (menee 2%

OT JUTMHBI BBIOOPKH).
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Puc.2.6. (a) u (6) — Bapuanuu atMoc(h)epHOTO AaBJIEHUSA M YPOBHS TOA3EMHBIX BOJ B
CKBR)KHHE, BCKPBIBAIOIIICH BOJIOHOCHBIN Tropu30HT Ha rinyouHe 400 M B MoCKBe, MHTEpBa
HaOmoaenuii 1993-2005 rr.; () u (r) — HemapaMeTpHUUYECKUE OIICHKH KBaapaTa MOIyJIs
CIIEKTpa KOTePEHTHOCTH U aMILTUTYAHON NepeaTOYHO QYyHKIIMK OT JIABJICHUSI K YPOBHIO;
(n) — rpaduku pparmenta amuHOM 1500 yacoB MCXOAHOTO BPEMEHHOTO Psijia YPOBHS
HO/I3eMHBIX (Cepast IMHHS) U KOMIIGHCUPOBAHHOTO OT BIIUSIHUS JaBicHUs (UepHas JINHHUSA);
(e) — olleHKH CIIEKTPOB MOIIHOCTH MO BCell BRIOOPKE MCXOHBIX TaHHBIX YPOBHS (cepast
JIMHHUSA) U KOMIIEHCHPOBAHHOTO OT BJIMSHUS JaBIIeHUs (YepHast JTHHIS).
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B pesynbrare ObuIM MOTYYEHBI OLEHKHU ISl IEPHOJOB OT 2 110 10° 4acos. Bunno,
YTO OYEHb HAJIEKHO BBIACIAIOTCS 12 u 24-yacoBble TPYMIbI NPUIMBHBIX TAPMOHUK,
MpUYEM CIIEKTPATbHBIE MHUKH HA MEPUOJIAaX, COOTBETCTBYIOIIMUX BBICIIMM OOEpPTOHAM
CyTOYHOTO KoJieOanus — 8, 6, 4 U T.1. 4aCOB, MPUCYTCTBYIOIIUE HA CIIEKTPE MOIIHOCTH
UCXOJHOIO CHUTHAJa, IMOCJe KOMIIGHCAI[MM HMCYe3Nd. JTO TOBOPUT O TOM, YTO OHHU
OOyCJIOBJICHBl ~ BJIMSHMEM  HErapMOHHMYECKOH  (QOpMBI  CYTOYHOrO  KoyieOaHHs
atMocdepHoro maBneHusi. Kpome Toro, ciieqyer moauepkHyTh BBIIpsIMIIEHUE Tpaduka
CrHeKTpa MOIIHOCTH (B JBOMHOM Jorapu()MUYECKOM MacIiTabe) mociae KOMIICHCAIMH
BJIMSIHUS 1aBJICHUSI — MOJTHOCTBIO HMCYe3 «rop0» Ha CIEKTPE MOILIHOCTHU Ui MEPUOJI0B
ot 10 no 3000 yacos.

Tperuii nmpuMep Kacaercs aHalIu3a IOKa3aHWM JBYKOOPIMHATHBIX MAasTHUKOBBIX
HAKJIOHOMEPOB, YCTaHOBJIICHHBIX B TOJ3eMHOH miTosbHe B OOHMHCKe. Habmrogenus
obutn BeinosIHeHb! [ A. I'yceBsiM. Beero B mronbhe (Ha riryoune 30 M) Obuta co3nana
MHUKPOCETh U3 4-X HAKIOHOMEPOB, HAXOMSIIMUXCS HAa PACCTOSHUU S5 M ApPYT OT JIPYra,
uHTEepBaN auckperusanuu 1 gac, nepuon Habmoaenuit: 01.03.1988-31.10.1988, Bcero
5867 gacoBbix oTcyeToB. OTHOBPEMEHHO M3MEPSUINCH HAKIOHBI B HanpasieHusx CIO u
B3. Jlnst omHOM mapbl COCETHUX HAKIOHOMEPOB ObLIa 3aMedeHa OCOOEHHOCTh, KOTOpas
wTrocTpupyercs rpadukamu Ha puc.2.7(a) u 2.7(6). Ha Hux n300paxensl (parMeHThI
3anuceit nuHON 1000 yacoB Asnis 3To# mapsl mpubOpoB g HampasieHus B3 — BuaHO,
YTO CUTHAJIBI KOPPEIMPOBAaHHBI Ha MajbIX Mepuojax Bapuanuii (B 94acTHOCTH, Ha
NPUIMBHBIX BapHALUAX HAKIOHOB) ¥ aHTHKOPPEIMPOBAHBI Ha OOJBINNX meproaax. Js
MOJy4YEHHUsI KOJMYECTBEHHOW OLIGHKH 3TOro 3(d@exra ObUIM BBIUMCICHBI KBaIpaThl
MOJIyJIel CIEKTPOB KOTEPEHTHOCTH M KOCHHYyCa pa3HOCTH (a3 Kak Jjs HAKJIOHOB B
asumyte B3, Ttak u mns asumyra CHO (I'yceB u ap., 1994). Ilox pasHocThio a3
nojpasymeBaercsi QyHKIUS 9actoThl €(@), ciaemyromias W3 NpeAcTaBlIcHUs Diiaepa
KoMIulekcHOM — mepenmatounoi  ¢yakuun:  H(w) = H(w) | (cos(8(w)) +isin(6(w))) .
OLeHKH CTPOMIIMCH B CKONB3SIIIMX OKHax iuHOM 2048 oTcueToB, B KaXKIOM OKHE
nepe]l BEIYUCICHUEM MEPUOAOTPaMM  MPOU3BOAUIOCH YCTPAHEHUE OOIIEro JIMHEHHOTO
TPeHIa B TIpEJesiax OKHA, MEepeXo]] K MPUPAMIECHUSM, KOCHHYCHOE CTJIa)KHBAaHHE Ha
KOHI[aX U BHH30pHu3auus. Jlamee mepuomorpaMmbl OT Ka)JI0r0 OKHA YCPEAHSIIUCH, a
MOJly4YEeHHBbIE YCPEJHEHHbIE (YHKIIMM YacTOThl JOIMOJHUTENBHO CriIaKUBAUCh B

YaCTOTHOM BpPEMEHHOM OKHe paauyca 10 3HaueHumil uyacToTHbIX AuckpeToB. Ilocie
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3TOr0 MPOM3BOAMIOCH BbIUMCICHUE OIEeHOK. Ha puc.2.7(B) u 2.7(r) npeacTaBicHBI

rpaduKH OIEHOK KBaJApaTOB MOAYJIeH crieKTpoB korepeHTHocTr 1yt B3 u CHO.
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Puc.2.7. (a) u (6) — dpparments! mmHO# 1000 yacos 3anuceii HakioHoB B3 (OGHHMHCK,
01.03.1988-31.10.1988, paccTosiHre MEXIy HAKIIOHOMEPAMH — 5 METpORB), BUIHA
KOPPETMPOBAHHOCTH Ha MaJIbIX TIEPHOIaX U aHTHKOPPENUPOBAHHOCTE Ha Oonbmux; (B) u (T)
— OLICHKH KBaJIpaTa MOJYJIs CIIEKTpa KorepeHTHOCTH it HakinonoB B3 u CIO; () u (e) —
OLIEHKH KOcHHYyca pasHocTH (a3 a1 Hakaonos B3 u CIO, peskuii ckauok dasel Ha 180° qus
naxiionoB B3 ((x), momepek paszmoma) s nepronos ot 30 10 32 gacos.
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Bunno, uro 00e mapsl CHUTHaJIOB XOpPOIIO KOPPEIMPOBAHHBI HA MEpPUOJAX B
MOJIyCYyTOYHOM M CYTOYHOM NPHWJIMBHBIX Mojocax. B okpectHocTH mepuoma 32 daca
KorepeHTHocTh 111 B3 magaer no Hysnst. [Ipu aTom kocunyc pasnoctu ¢a3z B3, kak ato
BU/IHO 3 puc.2.7(n), mperepneBaeT pe3kuii pa3psiB Ha 180 rpagycos. Takum oOpa3zom,
32 dyaca ecThb TpaHUI]A MEXIy IEPHOJAMHU TIOJOXKHUTEIBHOW W OTPHULATEIHLHOU
KOPPEIUPOBAaHHOCTH BapuaIuii. B 1o ke Bpems Ha puc.2.7(e), rae n3odpaxken rpaduk
KocuHyca pasHoctu ¢a3z g CHO, BuaHO, 4yTO BapuamuMu A 2-Xx HOpuOOpoB
II0JIO’KUTENBHO KOPPEIUPOBAaHHBI HAa BCEX NIEPUOAAX, 32 UCKIIIOUEHUEM IIIyMa Ha CaMbIX
BBICOKHX 4aCTOTax, IJIe KOTEPEHTHOCTh OJIM3Ka K HYJII0 H, coryiacHo (2.2.31) mucnepcust
OLICHOK pa3HOCTHU (ha3 MaKCHUMaJIbHa.

OObscHenue 3TomMy 3¢h(deKTy KpoeTcs B HalW4he pas3jioMa, MNPOXOMASIIEro B
Hanpasienun CIO mexnay paccmarpuBaeMoil mapoil HaksioHOMepoB. Takum oOpazom,
n3Mepenus B3 npoBoauinch nepneHauKyIsipHo pasiomy, Toraa kak CIO — Bonp Hero.
[TonoxuTrensHass Koppensuus Ha MajblX NEpPUOJaX, a TOYHEE, BHYTPH NPHIMBHBIX
YaCTOTHBIX TIOJIOC, OOBSCHAETCS TEM, 4YTO TMPWIMBHOE BO3JEHCTBUE SIBISETCS
r100aIbHOM NPUYMHOM, HE 3aMeYaroleil JOKaJbHbIE OCOOCHHOCTU CTPOEHUS 3EMHOM
KOpbl B MEcT€ NpoBeAeHMsI u3MepeHuil. OTpuuarenbHas Koppensuus i OOJbIINX
NEPUOAOB OOBSICHSIETCS TEM, YTO BapuUalMd Ha JTHUX MEPHOJOB OOYCIIOBIECHbI
M3MEHEHHUSIMU aTMOC(HEPHOro NaBJeHHs, KOTOPOE MpOrudaer 3eMHYI0 KOpY B MeECTe
paziomMa M JellaeT BapualMy HAKJIOHOB IO pa3Hble CTOPOHBI OT pasjioma B
NEPIEHANKYJIIPHOM HAIPABICHUU MPOTUBOIOIOKHOIO 3HaKa. Takum o0pazoM, OlleHKa
KOCHHyCa pa3HOoCcTH (a3 MeXIy TIOCIeAOBaTeIbHBIMU TlapaMi  HAaKIIOHOMEPOB,
00pa3yromux JUHEHHbIN Tpoduiib, 1aeT METO/ BbIAEICHHS CKPBITHIX Pa3JIOMOB 3€MHOI

KODBI.

2.3. Kanonn4eckne KOrepeHTHOCTH M CIIEKTPAJIbHbIE MePbl CHHXPOHHOTO

NOBeJeHUs.

B sToM maparpade OyayT H37M0KEHBI METO/Ia aHAIH3a OOJIBIIOTO YUCIa BPEMEHHBIX
PSIOB C MOMOUIBIO CIIEKTPAIBLHOIO MOoJXoAa. KBagpaTHUHBIA CHEKTP KOT€PEHTHOCTH
JBYX MpoiieccoB (2.2.32) MOKHO ONpeIeTNTh, KaK KBaapaT KOdQUIIMEHTa KOPPEISIIUT
ATHUX MPOLIECCOB HAa YacToTe @ . KaHOHWYeCKHe KOrepeHTHOCTH SIBIISIIOTCS 0000IeHneM
HOHSTHS CIIEKTPAa KOTEPEeHTHOCTH Ha CHUTYAIMIOo, KOTJla BMECTO Maphl CKAJSPHBIX
BPEMEHHBIX PSI0B HEOOXOIMMO HCCIIEIOBATh CBS3b HA PAa3IUYHBIX YaCTOTaX MEKITY

JIBYMSI BEKTOPHBIMH BPEMCHHBIMHU psimamu: M -MepHbIM psimoM X (1) u N -MepHBIM
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psamom Y (t). Be3 orpanmuenuss oOmHOCTH OyaeMm cuutath, yto N<m. [lo cBoei
KOHCTPYKIIMM KAHOHUYECKUE KOTEPEHTHOCTH HHYEM HE OTIMYAIOTCS OT KAHOHMYCCKUX
KOppensALul, onpejeneHubix  dopmymamu  (2.1.6)-(2.1.10). Benmuuna pZ(w),
Ha3blBacMas  KBagpaTOM  MOIyJs  TepBoi  (MakCHMalbHON)  KaAHOHHYECKOM
korepertHocTH psimoB X (t) u Y (t) (Brillinger, 1975; Hanan, 1970), kotopast B TaHHOM

ClIydyac 3aMCHICT OOBIYHEIN CIICKTP KOTCPEHTHOCTH, BBIYUCIIACTCA KaK MAaKCHMAJIbHOC

COOCTBEHHOE YHCIIO 3PMUTOBON MaTPHUIIBI

U(w)=S.?S S.'S S 2 (2.3.1)

Xy yy D yx
HerpyaHo 3aMeTuTh, 4TO BBIpaKE€HHE B TpaBod yactu Gopmyisl (2.3.1) moiaHOCTBIO

a"anornyHo Qopmyine (2.1.10). 3gecp @ - wactota, S, (@) - cmekTpagbHas MaTpHUNA
pasmepom Mxm  Bpemennoro psama X(t), S, (®) - xkpocc-cnekTpanbHas
NPSAMOYTOJIbHAs MaTpula pasmepoM mMxn, S (@)= SXHy (w), “H” — 3nHak spmuTOBa
conpsikeHus. Benuunna p (@) 3aMeHsET KBaapaT MOJYJs CTIEKTPa KOTEPEHTHOCTH B
cllydae JBYX MHOTOMEPHBIX CUTHAJIOB.

BBesieM MOHATHE MOKOMIIOHEHTHBIX KAaHOHMYECKUX KorepeHTHocTel v’(w) (-

MepHOoro BpemenHoro psipa Z(t) (JlroOymmn, 1998(a)) kak KBaapaToB MOmyJei

MaKCHUMaJbHON KaHOHMYECKOW KOTEPEHTHOCTH B CUTYyalluH, Korjaa B ¢popmyiie (2.3.1) B

kadectBe psaga Y (t) Oepercs i-as ckansgpHas KOMIOHEHTa (| -mepHoro psga Z(t), a B
kadectBe X (t) — (Q—1) -MepHBIi psij, COCTOSIIUI M3 MPOYUX KOMIOHEHT. BenrmunHa
v’ (w), Takum 06pa3oM, XapakTepu3yeT CBA3aHHOCTh HA 4acTOTe (@ BapHaluil i-oif

KOMIIOHCHTBI C BapHualdaAMH COBOKYIIHOCTH BCEX IMPOYHUX KOMIIOHCHT. BBGI{GHI/IG
IIOKOMITIOHCHTHBIX KaHOHHYCCKHX KOFepCHTHOCTefI MO3BOJIACT OIIPCACIINTL CIIC OAHY

JaCTOTHO-3aBUCUMYIO CTATUCTUKY K (60) y XapaKTCpU3yromyr CBA3daHHOCTb Ha 4YaCTOTC

@ BapuaIyii BceX KOMIOHEHT BekTopHoro psina Z (t):

k(o) = ﬁ v, () (2.3.2)

3aMCTI/IM, 4TO, B CHIIYy HOCTPOCHH:A, 3HAYCHHUC BCINYUHBI K'((l)) MpuHaAJICkKaTt

unrepBany [0,1] u yem OrKe COOTBETCTBYIOIIEE 3HAYEHUE K €IUHMIIE, TEM CHIIbHEE

CBSI3b MEXKIY BapualMsIMU KOMIIOHGHT MHOTOMEPHOro BpemeHHOro psga Z(t) Ha
yactote @ . Cnenyer moauepKHyTh, YTO CpaBHEHUE a0COTIOTHBIX 3HAYCHUI CTATUCTHKHU

k(w) BO3MOXHO JHINb JUISI OJHOTO W TOTO K€ YWcia ( OJIHOBPEMEHHO
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00pabaThIBACMbIX BPEMEHHBIX PSIIOB — MIOCKOJIBKY, B crity Gopmydsl (2.3.2), pu pocte
q BennunHa k(@) yObIBaeT, Kak MpOM3BeICHUE (| BEIUYUH, MCHBIIMX SIUHUIIBI. Ecin
q=2, 10 Mepa (2.3.2) cCTaHOBHTCA OOBIYHBIM KBaaPAaTOM MOJIYJS CIEKTpa
KOTE€PEHTHOCTH.

UroObl OIEHUTh MU3MEHYMBOCTH BO BPEMEHHM B3aMMOICWUCTBHUS PErHCTPHUPYEMBIX
IPOILIECCOB, HEOOXOAUMO NPOM3BOIUTH BBIUMCIEHUS B CKOJIB3SILEM BPEMEHHOM OKHE
3amanHoi mnuHBL [lycTh 7 - BpeMeHHas KOOpJIWHATa OKHAa JIMHOW L oTcueros.
Brraucnss criekTpaibHbIe MATPHIIBI IS BEIOOPOK, IMOIMABIINX BO BPEMEHHOE OKHO 7 ,
HOJIy4UM JIByXTapaMmeTpuueckyto ¢yHkuuio x(7,®). Beruecku Benmuuusbsl (7, )
OyAyT ompenensTh 4YacTOTHbIE IIOJOChI M BPEMEHHbIC HWHTEPBAJIbl YBEIHMUCHHS
KOJIJISKTUBHOTO TTOBE/ICHUSI COBMECTHO aHAIM3HPYEMBIX IMPOLIECCOB.

Jnist peanu3anyy 3Toro aNropuTMa HeoOX0AUMO UMETh B Ka)KIOM BPEMEHHOM OKHE

OLICHKY CHEKTpalbHON MaTpuusl S, (7,®) pasmepom (x (. Bo3amMoxHO Hconp30BaHne
HETAPAMETPUYECKUX OUECHOK U BBIYMCICHUS OIEMEHTOB O (@,7) Marpuisl
S,, (7, w), mytem ycpennenus no gacrore (popmyina (2.2.26)) nmonapHbIX NPOU3BEICHHUH

JMCKPETHBIX ipeoOpazoBanmii Oypee (2.2.17):

m d® (@)(d" (@)
O-jk(a)r):;z IJ(II;)(a)r-’_SAa))’ I}kL)(a)): j (o)( K (@)
2m+1) & 27l
(L-1) 5 (2.3.3)
d,EL)(a’r): sz(t)e—iwrt, a)r:rAa), Aa):Tﬂ, r=01..,L-1
t=0
roe z,(t) - k-as xoMmnoHeHTa BeKTOpHOro BpeMeHHoro psima Z(t) mocme Bcex

NpeBAPUTEIBHBIX OIepanuii BHYTPU TEKYNIETO OKHA: CHATHSA JHHEHHOTO TpPEH.a,
nepexoja K TNPHPAIICHUSAM, €CIH 3TO HEO0OXOJWMO, HOPMHPOBKHM Ha CIUHUYHYIO
muctieperio (2.1.1) BHyTpM OKHA, BHH30pPH3AMd W KOCHHYCHOIO CIJIa)KHBaHHS Ha
KOHIIaX; M >1 - pajnyc OKHA YaCTOTHOTO CTIIAYKUBAHHS TIEPHOTOTPAMM.

Orenka criekTpanbHOM MaTpuilsl (2.3.3) ABISETCA CTPYKTYPHO YCTOMYMBOM IMPH
Oonpmux 3HaueHusx mHel okHa L (Brillinger, 1975; Hanan, 1970). Oxnako ee
pasperaromniasi CrioCOOHOCTh MO YacTOTE HEYIOBJICTBOPUTEIbHA MPH MaJbIX UTHHAX
okoH. ITo3TOMy HMIKE MPEANOYTEHHE OTAACTCSA HCIOJIB30BAHUIO MOJCIH BEKTOPHOM
aBToperpeccur (Marple (Jr.), 1987). Meroa 3akmrouacTcs B OIEHKE IapaMEeTPOB

MOJEIIH.

Z(t) +Zp: A, -Z(t-k)=e(t) (2.3.4)
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3neck A, - MaTpHUIbl aBTOPETPECCHOHHBIX MAapaMETPOB pa3MepoM (x(, P - HOPSIOK

aBToperpeccur, e(t) - (-MepHBIH BPEMEHHOW pPsJI OCTATKOB HICHTU(DUKAIIUH,
OTHOCHUTENILHO KOTOpPOTO IMpENIoJiaraercs, 4TO OH SIBISETCS IOCIIEeI0BATEIbHOCTHIO
HE3aBUCHUMBIX CIly4allHIX BEKTOPOB C HYJEBbIM CpEJHHMM U HEU3BECTHOM
KoBapuarmonnoii marpuueir ® = M{e(t)e (t)}, xotopas cumraercs HezaBHCAIIEH OT
BpeMeHH. BakHo ormetuth, 4to Mojaenab (2.3.4) Takke CTPOUTCSA IOCIE BCEX
BBIIIETIEPEUNCICHHBIX MPEABAPUTEIbHBIX ONEpalii 3a HCKIIOYEHUEM KOCHHYCHOTO
CIUIAKMBAHUSA. DTU OMEPAIMH OCYIIECTBIISIIOTCS HE3aBUCUMO B KaXXIOM BPEMEHHOM
OKHE O0palbOTKM W ISl KaXJOW CKaJISIPHOW KOMIIOHEHTBHI MHOTOMEpHOTo psaa. Mx
CMBIC COCTOMT B TOM, UTOObl YCTPaHWTb BIHUSHHE PA3HOMACIITAOHOCTH

obpabaTbiBacMbIX psAnoB. Jia ouenku matpuny A, u @ ucnoms3yercs peKyppeHTHas

npoueaypa Jlapouna-Jieuncona (Marple (Jr.), 1987), mis koTopoit HEOOXOIMMO

HpeILBapI/ITeHLHO BBIUUCIIUTH BLI60pO‘-IHI>I€ OILICHKHN KOBapI/IaL[I/IOHHBIX ManI/II_[
R, =M{Z®)Z" (t+K)}, k=01...,p.

OneHka CeKTpaaIbHOM MaTpHILIbl BEIUUCISIETCS IO PopMyJIe:

p
S, () = F'(w) ® F"(w), Flw)=E +Z A, -exp(—iak) (2.3.5)

k=1
E - ecmunmynas matpuma pasmepom (x(. Ouenka (2.3.5) oGmamaer Xopoiiei

paspemaronield CnocCoOOHOCTHIO TIO YaCTOTE JUIsi KOPOTKUX BBIOOPOK M MO3ITOMY Oosiee
NpPEAMOYTUTEIbHA I OLIEHOK B CKOJB3SAIIEM BpeMeHHOM oOkHe, yem (2.3.3). s
BBIOOpA TOpSIIKA aBTOPETPECCHH [ HE CYIIECTBYET HAJCKHBIX (HOpMaTU30BaHHBIX
nporenyp. B pacuerax BbIOOp P TPOU3BOAMIICS METOJIOM TMPOO, Kak TakKoe
MUHUMAJIBHOE 3HAYCHUE, JJIi KOTOPOro JalibHEHIIee YBEIMYCHHE HE MPUBOAWT K
CYIIECTBEHHOMY M3MEHEHHIO OCHOBHBIX 3JICMEHTOB IMOBEICHUS 3aBUCUMOCTU K (7, @) .
B kavecTBe emie OJHON YacTOTHO-3aBHCUMOW MEpbl KOJUICKTUBHOTO ITOBEICHUS
KOMIIOHEHT BEKTOPHOTO BPEMEHHOT'O Psiia MOKHO OOOOIINTh CTATUCTHKY, BBEJICHHYIO B
(Samson, Olson, 1980) mist ucciieq0BaHUs MOISIPU3AIMOHHBIX CBOMCTB CEHCMHUYSCKUX
BOJIH:
)= (S, (@) = (tr (S, (0)))*
(q-1)-(tr(S,,(»)))*

Bemmunna (2.3.6) maer Mepy BBIPOXKAEGHHOCTH MaTpuibl S, (@) W, KOCBEHHO,

7( , 0<y(w)<1 (2.3.6)

HAJIMYHUIO KOJUIEKTHBHOM KOMITOHEHTHI B BeKTOpHOM curHaie Z(t). OmHako cpaBHEHHE
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(2.3.6) m (2.3.2) s TECTOBBIX CHUTHAJIOB IMOKa3bIBaeT mpeumyiiectBo (2.3.2). Dto
BIIOJIHE E€CTECTBCHHO, TaKk Kak Mepa (2.3.2) CTpoWTCs HEMOCPEICTBCHHO U3
COOOpayKCHUIA BBIICICHHSI KOT€PEHTHBIX BapHALHH.

PaccMoTrpuM B KauecTBe mpuMepa 3ajJady OICHKM CHHXPOHHOCTH IIYMOBBIX
KOMITOHEHT CPEJHEMECSYHBIX PEYHBIX CTOKOB JUIS PAa3IMYHBIX MECSIECB BHYTPH
TOJIOBOTO CE30HA. BpeMeHHbIe psAbl CPEJIHEMECSYHBIX PEYHBIX CTOKOB SIBIISIOTCS
HEePHOIMYCCKU-KOPPEIIMPOBAaHHBIMU  TIPOLIECCAMH €  MEpUOAOM 12, Kak  yxke

o0cy»k1aiock B KoHIe maparpada 2.1.

. 2400
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LI L L L L L
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Puc.2.8. (a) — rpaduik BpeMEHHOTO psAaa CPeAHEMECIIHBIX pacXxo10B Bojbl B Peitne (Kenbh),
1817-1996 rr.; (0) — cpenHue 3HAYCHUS PACXOJI0B BOJBI KX/ bl Mecsil (romoBas ¢popma), 1o
ocH abcIce — HoMep MecsIla; najee pUMCKUMU I paMu 0003HaAYCHBI TpaduKu
OTKJIOHCHUH CPEHETO Pacxojia BOJbI KAKIOT0 MeCsiia OT CBOMX CPEIHHUX 3HAUYCHUH.
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Ha puc.2.8(a) npencrasien rpaduk cpeanemecssanoro croka Peiina (Kensn) ¢ 1817
no 1996 rr. (180 ner HabmromeHmii). DTOT BpeMEHHON psia (HO A CPEIHECYTOYHBIX
CTOKOB) YK€ aHAJIM3UPOBAJICS C TOYKH 3PCHUS HAIWYHS MEPUOJUYCCKON CTPYKTYpHI B
10CJIeI0BATEIbHOCTH MOMEHTOB BpeMeHH (JIHEH) OOMBIIMX pacxoa0B Bojsl (prc.1.18).
Ha puc.2.8(0) npeacrasien rpaduk rogoBoii (JOpMbI CpeIHEMECIIHBIX CTOKOB PeiiHa, a
Ha OCTaNbHBIX rpadukax puc.2.8, MOMEUYEHHBIX PUMCKUMHU IH(PpamMH, HU300paKEeHBI
MOCJIEIOBATEIBHOCTH OTKJIOHEHWH Ui KaXKIOTO W3 MECSALEB COOTBETCTBEHHO OT
CpeHMX 3HaYeHUU ToJ0BoM (popmbl. Toro momyumiocs 12 cCUTHANOB AJIUTEILHOCTHIO
180 orcueroB (et Habmromenuii). CienoBaTeNbHO, KaXKABI FOJ MOXHO OmMUCaTh 12
CJIy4alHBIMU BEJIMYMHAMH U UX MOXXHO MHTEPIIPETUPOBATh KAK MHOTOMEPHBIH BEKTOP
HAOJIFOICHUI [IYMOB B JAHHBIX CPEIHEMECSYHBIX CTOKOB. IlocTaBMM 3a1ady OICHKH
CTETIEHW CHUHXPOHHOCTH BapHalUi ASTHUX I[IYMOBBIX KOMIIOHEHT ISl pa3IMYHBIX
NIEPUOJIOB M B CKOJIB3SIIEM BpPeMEHHOM OKHe. CMBICI 3TOW 3aJadyd COCTOMT B TOM,
4TOObI HANTH CHTHAJ CHHXPOHU3ALMHU, KOTOPBIH, BO3MOXHO, CBS3aH C BapHalUSIMHU
KJIMMAaTa, HaXOSIIUX CBOE OTPAKEHHE B M3MEHUYNBOCTH BOJIHOTO PEXKUMA PEK.

Jl1s1 onieHKH OBLIO B3STO CKOJb3sIIee OKHO amuHoi 50 jeT, cmeriaemoe Ha 1 roa u
UCIIONB30Bajach MoJelb 12-MepHOH BEKTOpHOW aBToperpeccuu 1-ro  mopsjka.
Oneparnusi  mepexona K  NPUPANICHUSM  BHYTPH — KaXJOTO  OKHA,  BBHIY
BBICOKOYACTOTHOTO (CTallMOHAPHOTO) Xapakrepa IryMoB (puc.2.8) He MpOM3BOAMIACK.

Ha puc.2.9(6) npencrasiena cratuctuka x(7,®) Ui 3TOro BapuaHTta pacyeToB. 13 Hee

ciemyert, uTo uHTepBai BpemeHu ot 1817 no 1876 r. xapakTepu3yeTcss Majaol CTEIICHBIO
KOTEPEHTHOCTH TIyMOB. Jlamee TOSBIsSETCS HHU3KOYACTOTHAs KOTEPEHTHOCTh Ha
nepuoaax 10-50 ner, koTopasi CMEHSETCS KOT€PEHTHOCTHIO HAa MajbIX MEPUOAAX, OT 2
no 5 ser. WMHTepBasm 3TOro W3MeHeHwWs, ¢ yderoMm umHbI okHa: 1900-1950 rr.
CrnenmoBateibHO, B ATOT MPOMEXKYTOK BPEMEHH M3MEHUJIMCH CBOHCTBA KOTE€PEHTHOCTH
THUAPOJIOTUYECKUX IIYMOB. 3aMeTHM, YTO OJTOT HWHTEpBAl CYHTAETCS HadaloM
«TI00aTBHOTO TIOTEIUICHUS.

K coxaneHuwro, BpEMEHHBIC PSIbI CPEAHEMECSYHBIX CTOKOB B OCHOBHOM
HauMHAIOTCS B KoHIE 19-ro — mHawame 20-ro BekoB. OmHako juisi EBpombl MMErOTCS
TaKHe PsIbl 115 DibObl B BepxHeM TeueHuu (tepputopus Yexuwn), ¢ 1851 mo 1984 rr. u
st Jlyaper (®pannust), 1863-1979 rr. Ilpu BeIOOpPE THAPOIOTMYECKUX JAHHBIX
BaXHBIM OOCTOSITEITHCTBOM SIBIISIETCSl YCJIOBHE, YTOOBI PEKHM PEUYHOTO CTOKA HE OBLI
«3aperyjaupoBaH» padOTOH THAPOTEXHUYECKUX COOPYKeHMH u Menmoparued. Ha

puc.2.9(6) u 2.9(B) m300paXKeHBI YACTOTHO-BPEMEHHBIC IUHArPaMMBbI CIIEKTPaIbHOMI
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MCpPbI KOICPCHTHOI'O MOBCIACHUS, OLCHCHHBLIC C TCMHU XKC INapaME€TpaMH, 4YTO M IJId
Peitna, s Onu0w1 1 Jlyapbl, BpeMeHHBIE METKH AUArpaMM CUHXPOHHU3UPOBAHBI.
05
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Puc.2.9. Ouenka cnekTpaibHONH Mepbl KOTEPEHTHOCTH ISt 12-MepHBIX BPEMEHHBIX PSI0B
OTKJIOHCHHUS CPETHETO PacXo/ia BOJIbI KAKIOT0 MECsIa OT CBOMX CPEIHUX 3HAYCHUMN
(romoBoit hopmer). Ornenka 6e3 nepexoza K npuparieHusm, AR(1)-moxens, miiuHa okHa = 50
ner, cmemenue = 1 rox. J{uarpammet: (a) — mis Peitna (cMm. puc.2.8), 1817-1996 rr.; (6) —
it Dnb0bI (B BepxHeM Tedennd, Yexus), 1851-1984 rr.; (B) — mnst JIyapsr, 1863-1979 rr.;
M0 BPEMEHHBIM OCSIM OTJIOXKEHO 3HAUCHUE MPABOTO KOHIIA CKOJIB3SIIETO BPEMEHHOTO OKHA.
MakcuManbHOE 3HaUCHUE Ha AMarpaMMax MPakTHIECKH OJHHAKOBO.

Buano, uro mis Dnbosl (prc.2.9(0)) BpeMeHHO# HHTEepBaJ MaJCHUS KOTEPEHTHOCTH
JUIL HU3KMX YacTOT ¢ pe3yibTaToM s PeifHa, HO mociemyromasi KOTepeHTHOCTh
NPOSIBIISICTCS TO-TIPEKHEMY Ha HHU3KMX YacToTax, B omimuume oT Peitna. Uro xe
kacaercst Jlyaper (puc.2.9(B)), To ee nuarpamma Oosblie Moxoxa Ha PeiiH, Tak Kak
YBEJIMUYCHUE KOTCPEHTHOCTH TAK)KE MPOMCXOAUT Ha BBICOKHX YacTOTaX W MPUMEPHO B
TOT K€ MHTEPBAJl BpEMEHH, ¢ HeOOIIBIINM 3ana3apiBannuemM B 8-10 mer.

CrnenoBarenbHo, Uil Bcex 3-X pek uHTepBan Bpemenu 1900-1950 rr. — sto
NIePEXOTHOM MepHOoJl MaJIOW KOTePEHTHOCTH IIyMOB. MOXHO BBIABHHYThH THIIOTE3Y, YTO
3TOT  APQeKT ABIIETCS  MPOSBICHWEM  OOMIEr0  pPErHOHAIBHOTO  AddeKTa

KIIMMATHYECKOTO IMPOMCXOXKIeHU. ECTh erie ojfHa 0COOEHHOCTh TuarpaMm Ha puc.2.9,
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KOTOpas SABHO UMECT HCCJ'IyT-Iaf/'IHblf/'I XapakTep — MaKCUMAaAJIBHBIC 3HAYCHUA
KOTEPEHTHOCTH Ha BCeX Tpex auarpammax paBHbl cooTBeTcTBeHHO 0.38, 0.39 m 0.38
1uist Peitna, Dnb0b1 1 JIyapel v 9TH MaKCHUMyMBbI JOCTUTAIOTCS HA PA3IUYHBIX EPUOAAX,

HO B KOHIIE CBOUX MHTEPBAIOB HAOIIOIeHHH, OMke K KoHIy XX Beka.

2.4. BeiiBJIeTHbIE Mepbl KOT€PEHTHOCTH.

B artom mnaparpade CTpOMTCS Mepa KOTEpPEHTHOTO IIOBEICHUS, aHATIOTHYHAS
cnektpaibHoii Mepe (2.3.2), HO OCHOBaHHAas Ha pa3JIOKEHHH CHIHAJIOB IO
OpPTOTOHANBHBIM (DUHHUTHBIM 0a3MCHBIM (QYHKIHUSM — BeiBieTaM. B KOHEYHOM HTOTE,
KJTaCCHYECKHE WJeH XOTC/UIMHIa O KaHOHMYECKHX KOPPESLUSIX TNPHMEHSIOTCS K
K03 HIIeHTaM BelBIeT-pa3ioKESHUN Ha PA3INYHBIX YPOBHSIX JETAILHOCTH.

Meton, wusnaraembiii Hwke (Lyubushin, 1999; Jlrooymmu, 2000(a), 2002;
JIrooymmu, KombutoBa, 2004), CTpOUT OIEHKY MAacimTaOHO-3aBUCUMOW  MEpPbI

KOT€PEHTHOIO TOBEJCHUS MHOTOMEPHOTro BpeMeHHOro psjga Z(t) B CKOIb3SIIEM
BpEMEHHOM OKHe 3amaHHoW miuuHBl N orcueroB. Ilycth Q>3 - obmiee Yucio
OJTHOBPEMEHHO aHAIM3UPYEMBIX BPEMEHHBIX PSJIOB, Z(t)z(Zl(t),...,Zq(t))T, a7 -

TIOJIOXKEHHE MTPABOr0 KOHIIA CKOJIB3SIIIEro BpeMEeHHOro okHa imiHod N orcueroB. [s
KpPaTKOCTH OyJleM yIOTpeONsTh CIIOBOCOYCTAHHE «BPEMEHHOE OKHO 7 » JUIs
0003Ha4YeHHsT BHIOOPOK BEKTOPHOIO BPEMEHHOTO psiia Uil MOMEHTOB BpPEMCHH,
yaoBieTBopsifomix HepaBeHcTBaM: 7—N+1<t>7. Jlng KaxIOro IOJOKEHHS
BPEMEHHOTO0 OKHAa (CMEIIaeMOro BIPABO HA OJAWH OTCYUCT) aHAIU3 MPOH3BOIUTCS
HE3aBUCHMO OT aHaju3a B IPYrMX OKHax. Ilepea BeHBIET-pa3ioxkeHHeM (hparMeHTOB
AQHAIN3UPYEMbIX BPEMEHHBIX PSJIOB, IMOMABIIUX B TEKYyIIee BPEMEHHOE OKHO, KaXKIbId
U3 HUX [OJIBEPraeTcsi MOCIeI0BATEIFHOCTH CICAYIOIIUX ONepallnii:

()  ycrpasseTcs o0l TMHEHHBINA TPEH]] B IPEAeIaXx BPEMEHHOT'O OKHa;

(if)  ocymiecTBisETCS TIEPEXOJ] OT UCXOJHBIX 3HAYCHUH K MPUPALICHUSIM MEXKIY
COCEJIHUMH 3HAYCHHUSIMH BPEMCHH;

(ifi) maxommTcst pobacTHas BRIOOPOUYHAS OLCHKA CTAHIAPTHOTO OTKJIOHEHHUS U
OCYIICCTBIISICTCS ICICHNE KaXKJOr0 3HAUCHHUS HA Ty OILICHKY;

(iv) mpowmsBommiach omepanus CriaKUBaHUS Ha KOHI[AX OKHA KOCHHYCHOM
BecoBo#t pynkiueit (2.2.18);

(v)  BbIOOpKa BHYTpH OKHA JOMOIHSCTCS HYJSIMU JI0 TIOJTHO JTTHHBI

M =min{2" : 2" > N} orcueTos.
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Omneparus (i) ycTpaHseT camble CHIbHBIC HHU3KOYACTOTHBIC BapHallMd CHTHAJIOB,
KOTOpBIE B Tpenesiax OKHa HE MOTYT ObITh CTATUCTHYECKH MPEICTABUTEIBHBIMU.
Onepanus (i) mepexoma K MPHUPAILICHUSAM SIBISETCS CTAHIAPTHBIM IIarOM B aHAJH3e
BPEMCHHBIX PSIOB JUIS YBCIHUYCHHUS CTAIlMOHAPHOCTH BBIOOPOK Ha KOPOTKHX
BPEMECHHBIX OKHAX INPH IOMHHHPOBAHWH HU3KHX YaCTOT W IO3TOMY OHA 3aBHCHT OT
XapakTepa OJHOBPEMEHHO 00padaThiBaeMbIX CHTHAJIOB. EciM BpeMEHHbIC pSIbl
BBICOKOYACTOTHBIE, TO onepaius (ii) omyckaercs. Ee HeraTHBHBIM CBOWCTBOM SIBJISIETCSI
YBEJIMUYCHUE aAMIUIMTYIbI BBICOKOYACTOTHOTO mryMa. OJHAKO MHOTOMEPHBINA aHAu3
MO3BOJIICT HM30aBUTHCS OT WHIMBHIYaJIbHBIX [IYMOB, HPHUCYIIUX TOJBKO TOMY HJIH
UHOMY BPEMEHHOMY DSIIY.

Omneparust (iii) CTPOUT OLIEHKY C TIOMOIIIBIO ONEPAIIMHA BUH30PHU3AIIUH, OTMCAHHON B
n.2.2. JleneHue KaI0ro W3 CHUTHAJIOB BHYTPH OKHA Ha €ro CTaHJAPTHOE OTKIOHEHHE
yYpaBHHMBAET Pa3IM4YHbIE BPEMEHHBIE PSJIbI ITyTEM MPUBEICHUS SHEPTUH UX BapHaIlUi K
OJTHOMY Y TOMY K€ 3Ha4eHHUI0. XOTs (PopMaIbHO MOCISAY IO KAHOHUYECKUN aHAIHN3
K093 (DUIIMEHTOB BEHBICT-Pa3I0KEHHI MHBAPUAHTECH OTHOCHTENHLHO MPeoOpa30oBaHUit
Maciitaba BPEMEHHBIX PSIOB, TaKas OIepamus sBSETCS MOJE3HOW JUIS YMCHBIIICHUS
omnbOoK okpyrieHus. Ormnepanus OKOHHOro criaxuBanus (V) HeoOXoauma Juist
YMEHBILICHUSI HETaTUBHOTO BIIMSHHS IMKIHYECKOro 3P QeKTa ITUCKPETHOTO BEHBIET-
npeodpaszoBanus (Press et al., 1996). Hakonen, mocieausist oneparust (V) HeoOxoauma
TS TIOCTIC Y FOIIIETO TIPUMEHEHHUsT OBICTPOTO AUCKPETHOTO BEHBIIET-MIPEOOPa3OBaHMU.

3areM OCYIIECTBISACTCSA TUCKPETHOE BEHBIIET-IPE0OPa3OBaHNE C UCIOJIB30BAHUEM
OJHOTO W3 OpPTOrOHAIBHBIX (UHHUTHBIX 0a3MCOB OT (parMeHTa KaxKIoro Wus3
AHAJM3UPYEMbIX BPEMEHHBIX PSIIOB BHYTPH TEKYILErO OKHA IMOCIE MPEIBAPHTEIbHBIX
omeparmii  (i)-(iv). Tlocrme ocCyIecTBiICHUs BEHBICT-TIPEOOPA3OBAHMIA I KaXKIOTO
BPEMEHHOTO OKHa 7 TIOJy4aeTCsl MHOXECTBO TaOJHI] BEUBIET-KOI(PPUITMEHTOB

pasmepom qx M ,:
¢l k=L..q; r=L.,M,=2"" g=1..m (2.4.1)
3nech [ - HOMEp YpPOBHS J1€TaIbHOCTH BEHBIET-paszioxkeHus. Uuciao M - creneHb

JBOMKH B mpeacTaBieHnd M = 2" juis MHHMMAIBHOTO LIEJIOTO YKCJIa TAaKOro BUA, HE

MEHBIIIEro, YeM JjinHa BpemeHHoro okHa N . Ha kaxkmom ypoBHE AeTalbHOCTH oOIee

yucao ko3¢ ¢unueHtoB pasHo M ﬁ:2(m’ﬁ). Wunexc k B dopmyne (2.4.1)

COOTBCTCTBYCT TIOJIOKCHHUIO BpPCMCHHOI'O HHTCPBAJla BHYTPHU CKOJB3AIICTO OKHA,

3HAYCHUS HAa KOTOPOM BIUSIOT HA 3HAaYeHUE Kod((HIMEeHTa Ha ypOBHE JETATBHOCTH
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f. OpHako dYacTte HTHUX KOI(D(DUIMEHTOB MOXKET COOTBETCTBOBATH HYJIEBOMY

JIOTIOJTHCHHIO BBIOOPKHM B myHKTe (IV) mpeaBapuTenbHBIX MpeobpaszoBanuii. [TosTomy

peanbHOE YHCIO KOA(DPUIMEHTOB HAa YpOBHE [, OTpaxaroliee MOBEJACHUE CHUTHAJA
BHYTpM OKHa, paBHO L,(N) = 2MANIM)=2"N.
O603naunm uepes QU muoxecTBO M3 L,(N) -MepHBIX BEKTOPOB BeliBieT-

k03 dunmeHToB, obOpasyromux cToj0Iel Tabnumel (2.4.1), oTOpachiBas CTOJOIbI,
COOTBETCTBYIOIIHE JOMOJHCHUIO HyJIssMHU B omneparuu (V). [TockonbKy 4ucio BeiBieT-
K03((UIMEHTOB yOBIBACT C POCTOM HOMEPA YPOBHS IETAIBHOCTH B F€OMETPHUYECKOM

nporpeccuu ¢ nokasarenem 2, 70 L,(N) yObiBaeT ¢ Toi e CKOPOCTBIO U MOKET TakK
CILy4HTCsl, YTO, HaUMHas ¢ HeKoToporo ypoHs f Bee L,(N) OynyT paBHsl HyiHo, T.€.

MHOXECTBa Q(”ﬂ) OynyT mycteiMu. {7 TOro utoObl Bce MOCIEAYIOUINE OICHKH,
BBITIOJTHCHHBIE I KO3 PHUIIMEHTOB ypoBHS [ B TEKyIIeM BPEMEHHOM OKHE, OBLIN
CTaTHCTUYECKH 3HAYMMBIMH, BBEIEM nopo2 npeocmasumenvhocmu L, —

IMMOJIOXKUTCIBHOC MEJI0C YHCIIO, CMBICII KOTOPOro 3aK/IH4YacTCd B TOM, 4YTO OLICHKHU

BBIYHMCIISTFOTCS JIUIIb JIJIs1 TEX YPOBHEH JAETAILHOCTU [, I KOTOPBIX

L,(N)>L (24.2)

min

Takum oOpasom, mnuHa okHa N u mopor mpencraBurenbHocTH L. BMmecte
3a7al0T MAaKCHMallbHO BO3MOXKHBIM ~ ypOBeHb  JeTanbHOCTH 3., BEHBIeET-
KO3 () PHUITMEHTBI KOTOPOTO MOTYT OBITH BKJIIOUECHBI B aHAJIHU3.

O603Haunm uepe3 R marpuisl pasmepoM (x (, KOTOPBIE MPEICTABIAIOT COBOI

BHIGOPOUHbIE OLEHKH KOBAPHAIIMOHHBIX MAaTPHII HEITYCTHIX MHOXKECTB BeKTopoB QU :

L,(N) (2.4.3)
(t.p) _ _1 (#.8)n(7.5) ik —
My = Ly (N) Z CirCw Ik=1..9

r=1

rae Z — (-MepHbIE BEKTOP-CTOJIOIBI BEHBIIET-KOA(h(DHUIICHTOB YPOBHS JA€TATLHOCTH [,

NOMAaBIINX BO BpeMeHHoe OkKHO 7. [Ipu Bbruucienun (2.4.3) U3 BEKTOPOB Z He
BBIUMTAETCSI BHIOOPOYHOE CpEAHEE, MOCKOJIbKY MAaTeMaTHYECKOE OXHJIaHUE BEUBIIET-

KOA(p(UIMEHTOB paBHO HyI0. Pa3nenuM KOMIIOHEHThI BEKTOPOB Z Ha JIBE YacTH:

119



ckamsip z; u (Q—1)-MepHbIi BEKTOP-CTOJIOECI] OCTAIBHBIX KOMIOHEHT & = (Z,,..., Zq)T.

I[aﬂee HOBTOpI/IM OHGpaHI/II/I BBIYNCIICHUA KaHOHI/I‘ICCKOI\/'I Koppensmlxm, HN3JI0KCHHBIC B
nm.2.1, HO nmns ciaydas, Korja pa3MepHOCTh OJHOTO M3 BEKTOPOM paBHa 1. YMHOXHUB

CKAJIAPHO KaXKIIbIi BEKTOp & Ha HEKOTOPHIM HEM3BECTHBIM MOKA BEKTOP ¢, MOIYYUM
MHOJKECTBO CKaJISIPHBIX BEJIMYHMH ¢, =@ £. HaiiieM BEKTOp ¢ M3 yCIOBHS, YTOOBI

KBaJpaT MOAYJIS KOXPQHUIMEHTa KOPPEISIUN MEXIy MHOXKXECTBAMH CKAISIPHBIX

BCJINYHNH Zl ng, ObLJ1 MaKCHMAaJIEH.

Ora 3ajmaya mnpejacTaBiseT coOOM yacTHBIM ciay4yall KiaccH4YecKoil 3amauu
XoOTe/IMHra O KAaHOHMYECKHX KOpPESLMsX, pelleHHe KOTOpod B oOIIeM ciydae

uznoxeno B Qopmynax (2.1.6)-(2.1.10). Bekrop ¢ Haxogurcs Kak COOCTBCHHBIM
BEKTOp, COOTBETCTBYIOIIMH MaKCHMalibHOMY coOCTBeHHOMy umeny V7, 0<v) <1,
KOTOpOE KaK pa3 M PaBHO MaKCHUMyMy KBaJpaTa MOIYJs KOI(hHIHMEHTa KOPPEIAILUU
MeXIy 3HaueHWsIMH Z, W ¢,, clexyiomeil marpuisl pasmepom (q-—1)x(q-1)
(Hotelling, 1936; Rao, 1965):

S.S.,S.tS,

6 ol hnh

. (2.4.4)
15
_ 2 _ T _ T _ T
rne S, =M{z;}, S,.=S,=M{z¢'}, S.=M{{-¢{ } Ouesnmno, uro marpuusl
B dopmyie (2.4.4) ABAAIOTCS MOAMATPUIIAME OOIICH MaTPHUIlbI KOBAPHUAIMH pa3MepoM
T

qxq S,,=M{z-z'}.

3amenuB Mmatpuiy S, B (2.4.4) Ha ee BbIOOpOUHYIO OLEHKY (2.4.3), MOXHO

2

PEaNbHO BBIMUCIUTDL BEKTOP ¢, COOCTBEHHOE 4ucio V; (7, B) n muoxectBo u3 L, (N)
CKaJSIPHBIX  3HAYCHUH g({’f’, r=1..., Lﬁ(N), KOTOpbIC  HA30BEM  3HAYCHHS
KAHOHUYeCKUMU selisnem-koaghpuyuenmamu BPEMEHHOTO psana Z,(t)
COOTBETCTBYIOIIMMH YPOBHIO JCTATLHOCTH [ BO BPEMCHHOM OKHE 7 . UTO e KacaeTrcst
BenuuuHbl v/ (7,3), TO €e eCTECTBEHHO Ha3BaTh K6AOPAMOM KAHOHUYECKOL
Koppensayuy TePBON CKaJISIPHON KOMITOHEHTHI BEKTOPHOro BpeMeHHoro psjga Z(t) co
BCEMH MPOYMMHU KOMIIOHEHTAMHU Ha YPOBHE JICTAILHOCTH [ BO BPEMEHHOM OKHE 7 .

ITpomenaB aHAJOTMYHbBIE OIEpAlMd CO BCEMH NMPOYMMH KOMITOHEHTAMH BEKTOpA

2eQ"? | nomyumm TaGmuiy pasmepom (x L,(N), cocrosmyro u3 kanonuueckux

eeﬁeﬂem-maqbgbuuueumoe AJi1 BCEX KOMIIOHCHT BCEKTOPHOI'O BPEMCHHOI'O psdaaa IJId

paccMaTprUBaeMOTO YPOBHSI IETAIBHOCTH [ BO BPEMEHHOM OKHE 7 :
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P, k=1usG; T=LoL,(N); =L (2.4.5)
Y ( 3HAYCHMM KBAaJIpaTOB KAHOHUYECKUX KOPPEIALUIL:
v =vi(r,), k=1...q (2.4.6)

[TomuepkHeM, 4TO B pe3ysibTaTe dTHX ONEPALUI MPOU3OIIEIT MEePEX0] OT TaOJIHIIbI
(2.4.1) wucxomubix BelBieT-KO3pPunueHToB k Tabaume (2.4.5) KaHOHMYECKHX
ko3¢ ¢unmenroB. Tabmuiyy (2.4.5) MOXHO NpPEACTAaBUTh TAaKKe B BHIC aHAJIOra
muoxectBa QU - kak muoxectBo @7 cocrosiiee W3 (-MEpHBIX BEKTOPOB-
cTosibnoB Tadmauie (2.4.5).

B naneueitmem u3 Benuunt (2.4.6) OyaeM U3BJIEKaTh MOJOKUTEIBHBIN KBaAPATHBIH
KopeHb. [lockoJIbKy € pOCTOM HOMEpa YpOBHS JETAIBHOCTH YHCIO BEHBIICT-
K03 (HUIMEHTOB, NPUHUMAIONIMX ydYacTHe B  OLEHKe BenudyuHbl v, (7, f)
9KCIOHEHIMAIBHO YMEHBIIACTCS, TO, JJII YMEHBIICHHUS CTATUCTHUECKUX (IIyKTyanui
OLIEHKHU BBEJIEM JIOMOJHHUTEIBHOE YCPEIHEHHE 110 HEKOTOPOMY YHCTy KO3((UIIMEHTOB,

IOJIy4YCHHBIX HA NMPCAbIAYIIUX OKHAX:

ms

v (@ B) =D v (r=s+1B)/m; m, =2’ (2.4.7)

UeM BhIIIE YPOBEHb NETABHOCTH, TeM Oojiee TIIyOOKHM SIBIISIETCS YCPEIHEHUE
(2.4.7) o mpoONLIBIM BPEMEHHBIM OKHAM, YTO 3HAYHUTEIBHO YMEHbBIIAET 3aBHCHMOCTb
aMIUTMTY 16l pa30poca cTaTuCcTHUeCKUX (uryKTyarmii oneHku (2.4.7) oT HoMepa ypOBHsI

JIETAbHOCTH U JIeNIaeT 3TOT pa3dpoc MPUMEPHO OAMHAKOBBIM Ui pa3Hbix [ . CorinacHo
dopmysne (2.4.7) >ddexTrBHAS ATUHA BPEMEHHOTO OKHA CTAHOBUTCS MAacCIITaOHO-

3aBucuMoit u paroit N =N +27 -1,

BeiiBineTHy0 MEpy KOT€PEHTHOCTH ONpeaeuM (popmyIioi:

x(z, ) zﬁVk (z,B) (2.4.8)

3uauyenne Mepsl (2.4.8) moryt nexath B npeaenax ot 0 o 1. Uem 3xauenwue (2.4.8)
OoJibIlle, TEM CHIIbHEE COBOKYITHAS CBSI3b MEKIY BCEMH aHATU3UPYEMBIMH TPOIIECCAMHE

Ha Macmirtabax, coOTBETCTBYIOUIMX Homepy /f. Crenyer MoAYepKHYTh, YTO BEIMYMHA
(2.4.8) ectp mpou3BeneHHE (| HEOTPHUIATSIBHBIX BEIUYUH MO MOJIYJIIO MEHbIIUX 1.
[ToaTomy vem Oosbllie YUCIO ( aHATU3UPYEMBIX PSAIOB, TEM MEHBIIEC aOCOIIOTHBIE

sHayenus (r, ). BenencrBue 3Toro cpaBHEHHE aOCONIOTHBIX 3HAYCHUN CTATHCTHKU
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(2.4.8) BO3MOXHO JHIIb MPU OJUHAKOBOM 3HAYCHUHW 4YuciIa psanaoB (. HamOombrimii
UHTEpPEC NPEACTABIAIOT He abcomoTHble 3HaucHHs (2.4.8), a ee OTHOCHTEIBHBIC
BEJIMYMHBI JIJISl PA3ITUYHBIX 7 .

Jlist TOrO, 4TOOBI OBUIO BO3MOYKHO CPAaBHHBATh BapHALIUU MEPhI KOTEPEHTHOCTH IS

Pa3HBIX YPOBHEN NETAIbHOCTH OJJHOBPEMEHHO YCIOBUMCS, YTO BPEMEHHOM UHIIEKC T B

dopmyste (2.4.8) Gyxer craprosath co 3Hauenus N ) =N 42/ _1 (camo 3HaueHue

k(7,f) ocHoBaHO Ha HWHGOPMANUU O pPSOax CTPOro Uil BPEMEHHBIX HHICKCOB
t:r-NY <t<r).

[Ipn paccMOTpeHMH KOHCTPYKLMH arperupoOBaHHBIX CUTHAJIOB HaM MOTpeOyeTcs

MHOKECTBO, COCTOSIIEE U3 L (N) ckamspHBIX BETHYHH ;((’ 28 r:l,...,Lﬂ(N),

KOTOPEIE SBIAIOTCA TIABHBIMU KOMIIOHEHTaMH MHOecTBa BektopoB ©” . To ects,
COBEpUICHHO aHaNOruuHO Qopmyne (2.4.3), BbMHCIICTCS BBIOOpPOYHAsl OLICHKA

KOBapUaIlMOHHON MaTPHIIBI KAHOHMYECKUX BEHBIET-K03()(PUITMEHTOB!

POP =t 2, 222" =llpt

ze 0P

Ly) (2.4.9)
p(rjl,:)’) Lﬂ(N) Z g(rjrﬁ)g(fkrﬂ)’ i, k =1,..., q

HAXOOUTCA COOCTBEHHBIH ( -MepHBIii BekTop (w7, ..,W(G"B))T

marpuisl  (2.4.9),

COOTBETCTBYIOIIMHA €€ MAaKCUMaJIbHOMY COOCTBCHHOMY YHCIYy ¥ BBIYHCIISFOTCS
3HAYCHUSI:
q
700 = Zwmg“kf% r=2%..L,(N); B=1..0. (2.4.10)
k=1

3uauenus (2.4.10) HazoBeM aepecuposannuvimu setisiem-kodgp@uyuenmamu. Takum
obpazoM, arperupoBaHHbIC KOI(DPUIMEHTH  SBISIIOTCS  3HAYCHHSIMU  TJABHOU
KOMITIOHEHTHI KaHOHHYECKUX Kod(duumentoB (2.4.5). B mampHeiimeMm, ¢ MOMOIIBIO
00paTHOro BEWBIET-IPe0OpPa30BaHUsl OT AarperupoOBAHHBIX KOX(PPHUIHUEHTOB OyneT
CTPOUTC T.H. BEUBJIET-arPETUPOBAHHBIN CUTHAIL.

O/HUM W3 OCHOBHBIX CBOWMCTB BEHBIIETOB, KOTOPOE JENIACT UX MPUBJICKATCIHHBIMH
JUTS MICTIOJIb30BAHMSI B 3a/1a4ax CKaThs MH()OPMAIUK — 3TO TO, YTO OHU aKKyMYJIUPYET
MaKCUMyM HH(pOpPMAIMd B OYCHb HEOOJBIIOM YuCie (B MPOIEHTHOM OTHOIICHUU K
obrreMy kosiuuecTBy) BeliBaeT-koadduuuenros (Daubechies, 1992; Press et al., 1996,
Mallat, 1998). Kak cieacTBre 3TOro KadecTBa, MHOXKECTBAa BeiBieT-K03()HIIHECHTOB

XapaKTCPU3YyrOTCA HaAJIMIUECM OONBIINX BH6pOCOB, KOTOPBIC HCJIb3 MHTCPIIPECTUPOBATDH
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KaK pe3yJbTaT OMMOOK M3MEpEeHUil MM cO0eB cHUCTeM perucrpanuu. Hammuame 3Thx
BHIOPOCOB CTaBUT OTPAHWYCHHUS HA UCIOJIb3yEeMble METO/Abl aHaIW3a JaHHBIX,
OCHOBAHHBIC Ha TIEPEX0/ie M3 BPEMEHHOW 00JIACTH B 00J1aCTh BEHBIET-KOA(PPHUIIMEHTOB
(4TO aHAJIOTHYHO NEPEXO0/y B YACTOTHYIO 00JacTh MpH KilaccuieckoM Dypbe-aHanuse),
MOCKOJIBKY MHOKECTBO KOX(P(HUIMEHTOB TMPEACTABIsAET COO0OW, TakuM 00pa3oMm,
CYIIECTBEHHO HETYacCOBCKYI0 BBIOOPKY. I[loaTOMy BBIBOABI, OCHOBAaHHBIE Ha
UCIIOJIb30BaHUM KJIACCUYECKUX PETPECCHOHHBIX MPOIECIYp, OCHOBAHHBIX HA METOJC
HAMMEHBIINX KBaJpaToB, a TaKKe KIACCHYECKMX METOJI0OB MHOTOMEPHOIO aHaju3a,
OCHOBAHHBIX Ha OOBIYHBIX BBIOOPOYHBIX OIEHKaX KOBAPHAIIMOHHBIX MATPHIl M HUX
COOCTBEHHBIX YHCEI M BEKTOPOB, IPH YCIOBUM WX IMPHUMEHEHHUS K MHOKECTBaM
BeHBIIET-KOA()(HUIIMCHTOB, JOJDKHBI MPUHUMATHCS C M3BECTHOW OCTOPOXKHOCTBHIO U C
OCO3HaHHMEM TOTO, YTO YaCTh MOJIE3HON NH(POPMALIUN MOXKET OBITh MPOITyIIeHAa HIMEHHO
U3-32 HETOJIHOTO COOTBETCTBUSI NMPUMEHSIEMBIX METOAOB Npupoae oOpabdaThIBaeMbIX
JTAHHBIX.

B crartuctuke mpobiieMa yCTOHYMBOCTH TOJIyYCHHBIX BBIBOJOB K HapyIICHHIO
OpPEINoNIOKEeHUH O TMpHpOJE JaHHBIX M3BECTHA Kak MmpolieMa pobdbacmuocmu
CTaTUCTHYECKUX METOJIOB M BIEPBHIE CHUCTEMATHUECKH H3JIOKEHA B KIIACCHYECKOU
monorpaduu (Huber, 1981), XoTs HEyCTOWYMBOCTH METOJOB THIIA HAWMEHBIINX
KBaJ[PaTOB K HAJMYHMIO HEOOJIBIIIOTO YKCIIa BHIOPOCOB B TAHHBIX U3BECTHA JJABHO M ObLIa
OCO3HaHAa MHOTMMH CTATHCTHKAMH-TIPAaKTHKaMd (B TOM 4YHCIC W TeopH3MKaMH,
Harpumep, ['. bxedpdpucom) MHOTO panbme pabor Xprobepa — yxe B KoHue 19-ro u
Hadane 20-ro BekoB. B 3TO ke Bpemsi ObUTM MPEIIOKEHBI METOIBI, MOBBIIIAIOIINEC
YCTOHUYMBOCTH BHIBOJOB K HAIMYHIO BHIOPOCOB, OCHOBHOE CBOMCTBO KOTOPBIX COCTOUT B
OTKa3e¢ OT KBAJPAaTUYHON MeEpbl OIIEHKM KauecTBa MOATOHKH M TEPEXOAy K JAPYTHM
MepaM, pacTyIIUM He Tak OBICTpO, Kak KBajapaT, HalpUMep, K MOMAYJIO HEBS30K.
[Tnaroii 3a yBenWuYeHWUE YCTOWYMBOCTU PE3YJIbTATOB CTATUCTUYECKOW OOpabOTKH
SIBIISICTCS CYIIECTBEHHOE YCJIOXXHEHUE BBIUYMCIUTEILHBIX TPOIEAYp W yBEIUYCHUE
BPEMECHHU CUETA.

Jlns Toro, 4toObl TMOCTPOMTH poOacTHbie aHajoru BenuuuH (2.4.5), (2.4.8) wu
(2.4.10) 3ametum™ cienyromee. BepHeMcs k paccmoTpennio MaoxkecTBa Q#) BekTOpOB
UCXOJHBIX BelBieT-k3(Gdumentos (2.4.1). Paccmorpum 3amauy perpeccun (q-—1) -
MEpHOro cirydaiiHoro Bektopa & =(Z,,..., Zq)T Ha CKAISPHYIO CIyYailHyl0 BETHIUHY

Z,, T.e. 3a7ady OLIEHKH BEKTOpa U pErpecCHOHHBIX KO3(P(UIMEHTOB B JIHHEHHOI

dopmyie:
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gq-1
Z = DUz, +e = UE+g (2.4.11)
i=1

rlle & - PErpecCHOHHBIN ocTaToK. Ecau BekTop U OmpenensTh METOAOM HaMMEHbIIHX

KBaJIpaToOB.
g-1
Z (ZuiZHl - 21)2 = z (qu_ 21)2 — min (2-4-12)
2eQ"A =l 2eQ(#) u

TO €ro OLIEHKA JIETKO HAXOAUTCH.

~

-1
=525, (2.4.13)
Beenem 0003HaueHuE:

E=10¢ (2.4.14)

- OLICHKA PErPECCUOHHOTO0 BKiIaaa B popmyie (2.4.11). [Tockonbky

cov(zl,fl):cov(zl,S;;Salé) = S,.S:S., (2.4.15)

TO HETPYJHO TOKa3aTh, YTO KBAApaT MOIYyJs KO3((UIMEHTa KOPPEISLUUd MEXKIY

1 -1
(24.14) w 2z, pasen smauenno S,.S.S,S,;, a JTO €CTb HHMYTO HHOE, KaK

MaKCHUMaIbHOE cOOCTBeHHOE urciio Marpuilbl (2.4.4) (Rao, 1965).

Takum 00pa3om, 3HaUEHHUS TIEPBOM KAHOHUUYECKOW BEUBIIET-KOMIIOHEHTHI MOTYT
ObITL OnpesienieHbl kak & = ('E u3 pelienus perpeccuonHol 3anaun (2.4.11)-(2.4.12).

AHAJIOTUYHOE yTBEPKIECHHE, OYEBUIHO, HMMEET MECTO U [JIs BCEX MPOYMX
KaHOHHUYECKNX BEUBJIET-KOMIIOHEHT. JTOT (baKT OTKPBLIBACT BO3MOKHOCTL OIIPCACIICHUSA
KaHOHUYECKHUX BEHBJIET-KOMIIOHEHT KaK PELICHHS perpecCHOHHOi 3amaun (2.4.12) B ee

pobacTHoi MoauduKaimu, T.e. BMecTo (2.4.12) pemath 3axaqy:
q-1

> Duz,—-zl= ), U é-z|—> min (2.4.16)

2eQC#  inl 2QEA) u
OueBuHO, 4YTO perrenue 3anaun (2.4.16) maoro cinoxuee, yeM (2.4.12), He MoxeT
OBITH BBIpaXXEHO TpocTol Qopmynoi tuna (2.4.13) u HyXIDaercss B UTEPAOHHOM
nporeaype. B manHoi peanuzanuu 3amada (2.4.16) pemianach CIeAyOIMIMM 00pa3oM.
Opranu3oBEIBAIACH MTOCIIEAOBATEIIPHOCTh UTEPAIIUN METOJOM TPAJUCHTHOTO CITyCKa, B
KOTOPOM B KayeCTBE IrpajeHTa Opascs 00001eHHbINA rpaaueHT HenuddepeHImpyeMon

¢yukiun (2.4.16) (Clarke, 1975; Illop, 1979) no KOMIOHEHTaM HKCKOMOT'O BEKTOpa U .

I[IIar BHOIBL O606H.I€HHOFO AHTUI'PAIUCHTA BBIYUCIIICA ITYTEM PCHICHUA 3ada4du
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OJTHOMEPHOW MHHHMHU3AIMA METOJIOM 30JI0TOTO CeueHUs. B KadecTBe HAYaIbHOTO
NPUOIIMIKECHUS [T TPATUCHTHOW UTEPAIMOHHON POy PhI Opaoch pelieHne MeToaa
HaMMEHBIINX KBaapaToB 1o Gopmyie (2.4.13), B KOTOpOi KOBapHAIMOHHBIC MATPHIIbI
OLICHUBAJIKCH 110 0OBIYHBIM (hopMystam Tuna (2.4.3), HO epel OLEHKOI MaTpHIL JaHHbBIE
MOJIBEPTaIUCh TIpoleAype BuH3opm3auu. Cieayer moa4epKHyTh, YTO BUH30PU3H3AIHS
BEUBJIET-KOA(DPHUITMEHTOB ~ MCMOJB30BAJIaCh  JIMIIb  JJIS  BBIOOPOYHBIX  OIICHOK
KOBapUAIIMOHHBIX MATPHIL JJISl TIOJIYYCHUsT HAYaJIbHOTO MPHOIMKEHHUS — BECh MPOYHIA
aHaJIU3 TPOM3BOJMWIICS C HUCXOIHBIMU Ko3(duuueHtamu (mociie npeaBapUTeIbHBIX
onepanwii (1)-(V)).

YclloBHE OCTaHOBKM TPaJHMEHTHOW MPOIEAyphl 3aKIIYaIoCh JMOO B TOM, 4TO
obrree yucio urepanuii (T.e. BhiuucieHuii rpaauenTa) gocturiao 10000, mu6o B TOM,
YTO IIar BJOJb aHTUTPAJAUCHTA, HAWIEHHBI B METO/E 30JI0TOTO CEUCHUS, CTAHOBUJIICS
cMImKoM ManbiM. [lociie OCTaHOBKM TPaJMEHTHOW MPOLEAYPhl CYHTAIOCh, HYTO
pemenre 3amaun (2.4.16) mpUOMMKEHHO HAWAEHO W BBIYUCIAIACH KAHOHHYECKAs
BEHBIICT-KOMITOHEHTA 110 opmyiie (2.4.14). AHanoruyHas nporeaypa MOBTOPSIACH IS
BCEX KOMIIOHEHT. B pesynbpTare mnoiydaercss TaOnHIa poOAcmubIX KAHOHUYECKUX
setisem-kodr¢hpuyuenmos, ananoruunas (2.4.5), s3MeMEHTbI KOTOPOH MOMETHM 3HAKOM

KTHIBJAY, s pasauucHus ¢ (2.4.5):

SOP k=L..,0 r=1.,L(N); B=1..0. (2.4.17)

Kak Tompko uTO oOTMewanoch, BenuuuHa V,(7,f) ABIAIOTCA  OOBIYHBIM

KOO PUIIMEHTOM KOPPEJSIMN MEXIy PErpeCCHOHHBIM BKiIagoM & 3amaud (2.4.12) u
BBIJICJICHHOW CKaIPHOH KOMIIOHeHTOH Z,. Bocmome3dyemcst 3TuM  ¢aktoMm s
HOJIy4eHus: podacTHOro aHauora v;(z, ) W HMCIOIB3yeM He KIacCHYecKyro (opmyiy

JUISl BBIYUCIICHUS BBIOOPOYHOTO 3HaUeHUs KOd(PPuUImeHTa Koppesinm, a ee podacTHyIo
moaudukarmio (Huber, 1981). CormacHo eif K03()(OHUIMEHT KOPPEISIUN MEXITY
BeiOOpKamu X(r), y(r),r =1,...,N MOXHO BBIYHUCIIUTH 10 hOpMyJIE:

S(z%)-S(z2)

S(z%)+S(z%) (24.18)

p(%y)=

rIe

z(r)=a-x(r)+b-y(r), z(r)=a-x(r)-b-y(r),

(2.4.19)
a=1/S(x), b=1/S(y), S(x)=med|x—med(x)]|
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med (X) o3HauaeT MeauaHy BBIOOPKH X, a S(X) o3HauaeT aOCONIOTHOE MEIHAHHOEC
OTKJIOHEHHE BHIOOPKU X .

3amenss B dopmynax (2.4.18) u (2.4.19) x(r) nma &¢7”, y(r) ma c§”, a n na
L,(N), momyumm pobactaoe 3nauenne V,(f,7) xodbduimenta koppensumy,

OIMCHIBAIOIIETO CHJYy CBSI3aHHOCTH IIpoliecca ¢ HOMEpoM K €O BCEMH MPOYUMH
curnanamu. [loggepkHeM, 9To poOACTHOCTh METO/a MPOSBIICTCS B JBYX MECTaX: IMPHU
pemeHnr 3amaaun MuHEMU3aimu (2.4.16), rae HCmoap3yeTcs METOJ HAMMEHBIITHX
MOJyJied BMECTO HaWMEHBIIMX KBaJIpaToB, M TMPHU BBIUUCICHUU KOIPPUIIUEHTA
Koppesuu 1o ¢popmyie (2.4.18).

PoGacTHyr0  BeHBJICTHYIO Mepy KOTEPEHTHOCTH  ompeneiuM  (HOpMYJIOH,

aHanmoruynoii (2.4.8):

R (B (2:4.20
raec
Ek(r,ﬂ):%ﬁk(r—s+l,ﬂ)/mﬂ, m, =2’ (2.4.21)

Jis  Toro, 4ToOBI  BBIYUCIHTH POOACTHBIC  arperdpOBaHHBIC  BEUBIIET-
k03 PHULIMEHTBI, aHAIOTUYHBIC, CIIEAYET BCIIOMHUTh M3BECTHBIM (DAKT, OTHOCSIIUICS K
Metony riaBHbIX KommoHeHT (Rao, 1965): coOCTBEHHBIH BEKTOP, COOTBETCTBYOIIHUI
MaKCHMaJIbHOMY COOCTBEHHOMY YHCIIy KOBapHallMOHHOW MaTpuibl (2.4.9), sBusercs

pelIeHreM 3aJaui Ha yCIOBHBI MaKCUMYM:
ey, > (1)
, A)\2 Y
DD P s max, Y (w() =1 (2.4.22)
r=1 k=1 v k=1
U3 dopmyn (2.4.22) ectecTBeHHBIM 00pa3oM BbITeKaeT pobacTHasi GpopMyIHpoOBKa
3a1a4M HaXOXJICHHS TJIaBHBIX KOMITOHEHT:

Ls(N) q g
T, T, T, 2
DI | max, Sy =1 (24.23)

r=1 k=1 4 k=1
Pemrenne 3amaun (2.4.23) HaXOAMIOCH HWTEPAIMOHHOW Mpoueaypoi. B kauectBe

(z.5)

HAyaJlbHOTO TNPHUOIIKEHUs i BEKTopa W Opajicsi COOCTBEHHBI BEKTOP

KOBApUAIIMOHHON MaTpUIlbl POOACTHBIX KAHOHWYECKHX BEUBIIET-KOA(DPHUIIMEHTOB
(2.4.17), CcOOTBETCTBYIOIIMI MaKCHUMAIbHOMY COOCTBEHHOMY 4YHciay. Ilpu 3TOoM
BBIOOpOYHAsT OIICHKA KOBAapMALMOHHBIX MATPHIl TaKXe CTPOWJIACh JIMIIb MOCHe

BuH30opu3aimu. Jlanee 3amada (2.4.23) pemanach IpaJUeHTHBIM (BMECTO OOBIYHOTO
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rpajimeHta — 00OOLICHHBIN TPAIUCHT) METOJOM C MPOCKIMEH T'PaJUeHTHOrO Iara Ha
eauHU4YHyto cdepy. Meton BbeIOOpa miara BIOJIb I'paJueHTa M YCJIOBHUS OCTAHOBKHU

UTEPAIUi UCTIOJIL30BATIKCH T€ K€ CaMble, YTO U TP penicHnH 3anauu (2.4.16).

Mocne pemenns 3anaun (2.4.23), xotopoe ob6osmaunmm 177, BeUMCIATHCH
pobacmuvle azpe2uposanbvie elienen-KoagpuyueHmoi.
q
S(2.8) _ ~(.8) x(z.5) — . —
700 = PP 1=, LN B=1.., B (2.4.24)
k=1
OGpatHoe BeiiBieT-mpeodpasoBanueM oT kKodhuuueHToB (2.4.24) Oyaer onpenensth
poOacTHBI BEeHBIET-arperipOBAHHBINA CUTHAIL.

HerpyaHo 3amMeTHTh, YTO METOJ IMOCTPOCHHS BEHBJICTHBIX MEpP KOTEPEHTHOCTH
COZIEPIKUT CIEAYIOMNe TpH CBOOOAHBIX mapameTpa: N - 1yiMHa BpeMEHHOro OkHa; L .-
- MOpOT TPEACTABUTEILHOCTH JUIsl MPOBEpPKU ycioBust (2.4.2) W, HAKOHEI, THII
OPTOTOHAILHOTO (PMHUTHOTO 0a3uca, Mo KOTOPOMY PacKJIaIbIBAIOTCS CUTHAIBI. MOXXHO
n30aBUTBCS OT HEOOXOAMMOCTH BbIOOpa BeiBiera. Orpanuuumcs, Hampumep, 10

oObruHbIMH BeiiBieTamu [lobemwm u mycth ¥ =1,..., M, - MHAEKC, HyMEPYIOLHMHA YHCIIO0

MOMEHTOB, OOHYJISIEMbIX MaTepUHCKON OazucHol (yHkuumii (popmyna (1.4.4)). Torma

m, =10. Iycrs &(z,B|y) - oObumHas BeiiBneTHas Mepa korepentHoctu (2.4.8), a

k(z,B|y) - ee pobactubiii ananor (2.4.20), mocTpocHHBIE C TOMOINBIO BEHBICTA,
OOHYJISIOIIEr0 ¥ MOMEHTOB. YCPEIHHUB 3TH MEPHI [0 BCEM HCIIOJIB3yEeMbIM Oasmcam,

IMOJIy4Yrnm MHO20-0a3UCHble 6eliglemHtble Mepbl KOZépeHn’IHOCWlu:
m;, my
ue, )=+ k@ Bly), e, B)=+2 7@ Bl7) (2.4.25)
7=l y=1

B kauecTBe mepBoro mnpuMepa NPUMEHEHUS BEHBJIETHBIX MEp KOTE€PEHTHOCTH
pacCMOTpPUM BPEMEHHBIE DPsIIbI CKOPOCTH BETpPA, M3MEpPEHHbIE Ha 15 craHuuil BIOJIb
aTyantudeckoro nodepexbst CHIA. DTu psabl ABISAIOTCS 4YacThio 0a3bl JaHHBIX I10
U3MEPEHUI0 METEOPOJIOTHYECKUX NAapaMETPOB C MHTEPBAIOM JAUCKpeTH3auuu 1 yac Ha
262 mereocrannusax CIIA B teuenue 6 ger: 1990-1995 (NOAA National Data Centers
CD-ROM: Hourly United States Weather Observations 1990-1995). Uudopmanus o
JaHHBIX JocTynHa B IHTEpHETE MO anpecy:

http://ols.nndc.noaa.gov/plolstore/plsgl/olstore.prodspecific?prodnum=C00452-CDR-A0001)

OOmast janMHA BPEMEHHBIX PSIOB JUISI  WCXOJHBIX YacOBBIX HHTEPBAJIOB
muckperuzaruu paBHa 52583 otcueta. [lepen 06paboTkoi naHHBIE OBUIH YCPEAHEHBI U

npopexensl B 6 pa3. Takum o0pa3oM, paccMaTpUBAIOTCS CPEAHNUE 3HAUEHUSI CKOPOCTH
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BETpa B IMOCIIEAOBATEIbHBIC HHTEPBAIBI JUIMHON 6 "acoB, ¢ Havdarma 1990 r. mo koHery
1995 r., Bcero 8763 orcuera. Ha puc.2.10(a) cxemarndyecku H300paskeHBI MecCTa
NPOBEJCHUS U3MEPEHUN C OPUTHMHAIBHBIME HU(PPOBBIMH HICHTH(HKAaTOpaMu Bcex 15
meteoctaniii. CrnpaBa Ha puc.2.10 ams BceX MyHKTOB M3MEPEHUS MPEACTaBICHBI B
KOJIOHKY TapauiebHbIe TPa(QUKU TAaHHBIX ¢ 6-4aCOBBIMU OTCUETAMH U C OJJMHAKOBBIM
MacuTaboM MO OCH OPIMHAT B «ECTECTBEHHOM IOPSAKE» Pa3MEIIEeHHs CTaHIUK BIOJb
noOepexbst — ¢ ceBepa Ha IoT.

Ha puc.2.10(61)-2.10(64) npexacraBieHbl 3Ha4eHHsT POOACTHOW KOT€PEHTHOM MephbI
(2.4.20), monmyd4eHHOHM B CKOJB3SIIEM BPEMCHHOM OKHE JuMHOW 365 oTcyeros.
[TockonbpKy MHTEpBal IUCKpeTn3anuy paBeH 6 yacam uiam 0.25 cyTok, 9Ta AMHA OKHA
paBHA YETBEPTH rojia, TO €CTh JJIMHE ce30Ha. [Ipu Takol JUIMHE MOKHO JETEKTHPOBAThH
Bapuallid  KOTCPEHTHOCTH, OOYCJIOBIICHHbIE TOJOBBIM  IIMKJIOM  W3MCHEHHS
aTMOC(EepHON UPKYIIALUH.

Hcnonp3oBancs BelBieT Xaapa, Tak KaK OH JIy4YIle BCErO NMOAXOAMT Ul aHAJIN3a
CHTHAJOB C PE3KHMMU W3MEHEHWSMU aMIUIMTyael.  [lopor mpeacTaBUTENbHOCTH

L., =16. Oto 3Hauenue, BMecTe ¢ BbIOpaHHOW AnuHOM okHa N =365, ompeznenser

MaKCHUMaJIbHBIN YPOBCHb ACTAJIbBHOCTHU BeﬁBHCT-paSHOX(eHHH, I[OCTyrIHBIﬁ JJIA aHaliu3a.

Boox =4 . KaknoMy ypoBHIO AeTalbHOCTH, B COOTBeTcTBUH ¢ (hopmynoi (1.6.13)

COTIOCTaBIISIETCS MPEUMYIIIECTBEHHAsI YacTOTHAs moJioca ¢ nepuogamu: 0.5.-1, 1-2, 2-4 u
4-8 cyToK. 3aMeTHM, 4YTO, HECMOTpPs Ha OOJIBIIOE YHCIO COBMECTHO aHAIU3UPYEMBIX
curHanoB (15 mTyk), MakcumasbHbie 3Ha4eHUs] Mepbl (2.4.20) TOBOJIBHO BEIUKH M OHH
pacTyT BMECTE C POCTOM YPOBHS JCTAILHOCTH (YBEIHUCHHEM MEPUOJIOB MCCIICAYESMbIX
BapHUaIlyii), 9To BIOJHE €CTECTBEHHO.

I'padukun  puc.2.10(01)-2.10(64) wuMeOT  CIACAYIOIIYID  NPUMEYATEIHHYIO
0COOEHHOCTh. JUISi Bapualldii CKOPOCTH BETpa C BPEMEHHBIMH MaclITabamu
(mepuomamu) ot 0.5 mo 1 cyrtok (pmc.2.10(61)) Mepa KOrepeHTHOCTH MEPHOAMYHA C
TOZOBBIM TEPHOJAOM W MAaKCUMYyMOM, BBINAJAIOIIMAM Ha JIETHHE MECAIBL. TO
COOTBETCTBYET JICTHUM CYTOYHBIM OpH3aM C CyIId Ha MOpPEe U OOpaTHO B TCUCHHE
JETHUX AaHTHUIMKIOHOB. Ha BTOpPOM ypOBHE IETaabHOCTH, IS MEepHOAoB OT 1 10 2
CYTOK, TOJIOBasi MIEPHOAMYHOCTh MEPBI KOTEPEHTHOCTH Pa3pylIaeTcs U caM Tpaduk ee

BapHalliii CTAHOBUTCS TOBOJBHO XaoTHUHBIM (prc.2.10(62)).
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Homepa

CTAHLWHA:
14607 —
14764
14739
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0 20 50 12836 ¥
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O .
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1460 1825 2180 0 aBs F300 1095 1480 1825 2190

CyTku oT Havana 1990r.

Puc.2.10. (a) — cxema pacronoxkeHus 15 MeTeoposioruueckux craniuii Ha Boctounom
nmobepexne CIIA ¢ nx mudpoBEIMI HACHTHPUKATOPAMH, CIIpaBa UACT KOJOHKA TpadUKOB
CKOPOCTH BETpa Ha ITUX CTAHIUIX, YCPEIHESHHON 32 TIOCIEeA0BATEIbHbIC HHTEPBAJIbI
BpeMeHH JJIMHOH 6 yacoB, B yKa3aHHOM CTPEJIKOi mopsiake B HampasieHuu Cesep-1Or;
cnesa rpapuku (61)-(04) npeacTaBISIOT 3BOMIOUKN POOACTHON BEUBIETHONH MEphI
KOTEPEHTHOCTH B 3aBUCUMOCTH OT BPEMEHHOH METKH IPaBOTO KOHIIA CKOJIB3SIIEr0 OKHA IS
NEePBHIX 4-X YPOBHEW AETaNbHOCTH, OLIEHEHHOH B CKOJIB3SIIEM BPEMEHHOM OKHE ATUHOM 365
6-uacoBbix oTcyeroB (0.25 roga wiaM AIUTETHFHOCTH CE30HA), HCIIOJIB30BANICS BEHBIIET Xaapa,

mapamerp L. =16. Vposens 1 coorBeTcTByeT BpeMeHHBIM Macuitabam Bapuarmii ot 0.5

1o 1 cytok, 2-if — ot 1 mo 2 cytok, 3-if — oT 2 10 4 cytok u 4-if — ot 4 110 8 cyTOK.
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OnHako pdanee, C YBEIMYCHHEM II€PHOJAa pAcCMATPUBAEMBIX BapUaIUi, JUIs
ypoBHeir 3 u 4 (mepuomsl 2-4 u 4-8 cyrok, puc.2.10(63) u 2.10(64)) romosas
NepPUOANYHOCTh  BOCCTAHABIMBAeTCs, HO OHAa  MpuoOpeTaer  BUJ,  aHTH-
KoppenupoBanubiii ¢ puc.2.10(61), TO ecTh MaKCUMyMbl MEpPbl KOTEPEHTHOCTH
BBINAJAIOT TEMEPh HAa 3MMHHUE MECSIIBl, YTO COOTBETCTBYET 3MMHHUM AHTHULUKIOHAM,
pacnpoCTPaHSIOLUIMMCS C CeBEpa Ha 0T, U3 APKTUKU U JOXOAAIIUX 4acTo 10 Daopubl.
XapakTepHblii MacmTad BapuanUil  CKOPOCTH BeTpa, OOYCIOBIEHHBIA ASTUMHU
npolieccaMy, Kak pa3 U COCTaBIISIET HECKOIBKO CYTOK.

Bropoii mnpumep NpUMEHEHUs BEWBIETHBIX MEP KOINEPEHTHOCTH HECKOJIBKO
BbINA/1a€T U3 OCHOBHOI'O HAINpaBJeHHs] MOHOTpapuH, HO, TEM HE MEHee, MPE/ICTaBIsIEeT
UHTEpeC ¢ OOIleld TOYKH 3peHHUs OO0paOOTKH JAHHBIX MOHUTOPUHTA. DTOT HpUMEP

OTHOCHUTCA K aHAlu3y d)uHGHCO@le BPEMEHHBIX D}l()OG: CTOHUMOCTEH Pa3INIHBIX aKui u

CBIPbsl K KOHITy JHst ToproB. Ha puc.2.11 cieBa npejcTaBieHbl rpaQUKH €XKEIJHEBHBIX
npupamieHuii orapudma croumoctu (T.H. log-returns) axmwmit IBM, yHummu 3om0Ta,
STIOHCKOW WeHbl U MHTEerpupoBaHHOro muaekca Standard & Poor's (cBepxy BHH3) Ha
wa-ﬁopKCKOﬁ oupxe ¢ 01.10.1980 mo 30.09.2003. 3HayeHust 1eH B BBIXOJIHBIE U
NPa3IHAKA BOCIIOJHEHBI 3HAYCHHUSAMH B IPEIBIIYIINA J€Hb TOProB. JIaHHBIE MOTYT
OBITBH cBoOOMHO  Haiinensl B HMHTepHere, HarpuMep 1o azapecy:

http://libraries.mit.edu/index.html. B TeueHre 3TOro MpoMeKyTKa BpEMEHHU MPOU3O0IILIO0

COOBITHE, KOTOPOE TPATUIIMOHHO SBJISIETCS OOBEKTOM WHTCHCUBHBIX HCCIICIOBAaHUH B
(UHAHCOBOM CTAaTHCTHKE, CBOErO poja «()pHHAHCOBOE 3EMIICTPSCCHHE» WM «YCPHBIH
nonenenpauk» 19.10.1987, 2575-if neHb. DTO COOBITHE OTMEUEHO PE3KUM CKAYKOM
BHU3 Ha rpaduke S&P.

BoszHukaeT Bompoc, ObLIH JIM Kakue-HUOYIb 0COOCHHOCTH B TOBEJCHUU CHTHAJIOB
nepes 3TUM KaTacTpO(PUUECKHM M3MEHEHHUEM — 3TO CBOETO pOojia TAKXKE 3aJavya MOHuCKa
npeaBecTHUKOB. M3BecTHbI mcciemoBanus (Sornette et al.,, 1996) mo mowcky Takoro
poa MPEeIBECTHUKOB B BHJC CIIEHAPUSA YBEIHYEHHUS 4YacTOThI (IyKTyauui 1eH (T.H.
«JIOT-TIIEPHOAMYHOCTE»). OIHAKO STH HCCIEAOBAaHUS KAacalOTCs aHajaM3a KaXKIo0ro u3
PSAOB OTIENBHO APYT OT Jpyra. PaccMoTpuMm Ty ke 3afady ¢ TOYKH 3PCHHsS MOMCKA
KOJUICKTUBHBIX KOMIIOHEHT B COBOKYITHOCTH (DMHAHCOBBIX CUTHajaX. BeIOpaHHBIC s
aHaJM3a BPEMCHHBIC  PSJIBI  XapaKTEepPHBl  JUIMTEIBHOW  HCTOpHEH,  IPOYHe
MHOTOYHCIIEHHBIE JaHHBIE TAKOTO BHIa OOBIYHO HauMHAIOTCA ¢ KoHla 1980-x unn maxe

gayaia 1990-x romnos.
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Puc.2.11. CneBa — rpaduku exeTHEBHBIX PUPALICHHI JorapupmMa cTouMocTH akiwmii IBM,
YHIIMH 30JI0Ta, ATIOHCKOM HEeHBI U MHTErpupoBaHHOro uHaekca Standard & Poor’s (ceepxy
BHN3) Ha Hero-Mopkckoii Gupie ¢ 01.10.1980 o 30.09.2003. 3HaueHNs 1IeH B BEIXOIHbIE U
Hpa3HUKH BOCIIOJIHEHBI 3HAYCHUSIMU B MIPEABIAYIINil 1eHs Topros. Crpasa, (al)-(ad):
rpadHKH SBOJIOIMKE MHOT0-0a3UCHOM pobacTHO# Mephl korepenTHocTH (2.4.25) B
3aBHCUMOCTH OT BPEMEHHOW METKH MPABOTO KOHIIA CKOJIB3SIIET0 OKHA IS TIEPBBIX 4-X
YpOBHEH ETaJbHOCTH, OLICHEHHOH B CKOJB3SIIeM BPEMEHHOM OKHE ATHHOM 365 CyTOK,

mapamerp L .. =16. Vposens 1 cooTBeTCTBYET BpeMEHHBIM MacITabam BapHawuii oT 2 10

4 cyToK, 2-1f — oT 4 10 8 cyTok, 3-1 — oT 8 10 16 cyTok u 4-i — oT 16 mo 32 cyToK.
BeprukanbHol IITPUXOBOM JIMHIEH OTMEUEH «4epHbIi oHenensHuK» 19.10.1987.

CropaBa Ha puc.2.11 na rpadpukax 2.11(al)-2.11(ad4) npenctaBiCHBI SBOJIOIHH

MHOT0-0a3uCHOU poOaCTHON Mepbl KorepeHTtHocTH /i(7, f) u3 (2.4.25) B 3aBUCUMOCTH
OT BPEMCHHON METKH MPABOTO KOHIIA CKOJB3SAIMIETO OKHA JUISI MEPBBIX 4-X ypOBHEH
JETaJbHOCTH, OIICHEHHOW B CKOJIB3SIIEM BPEMEHHOM OKHE JIMHON 365 CyToK,
napamerp L ;. =16. Takum oOpa3om, BbiOpaHa rojosas AnuHa okHa. Kak 0OBIYHO,

ypoBenb 1 (puc.2.11(al)) cooTBETCTBYET BpEMEHHBIM MaciITabaM BapHaiyii ot 2 10 4

cytok. [lanee, cBepxy BHU3: 2-i — oT 4 10 8 cyTok, 3-ii — ot 8 10 16 cyTok u 4-if — oT 16
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1o 32 cyTok. BugHO, 9TO 3TO COOBITHE «IeperpeBa PhIHKa» MPEABCIIASTCS MOYTH 3a
1000 nHei BcruleCKOM MEpbl CHHXPOHM3AIMU JUIsl BCEX YPOBHEW NE€TaJbHOCTH M
MOCJICAYIOIIUM CIaJoM K Hayaay COObITHS (TUMHUYHAs «OyXTOOOpasHash aHOMAJHI»).
Kpome Toro, BUAHO, YTO yYaCTHUKH TOPTOB CIENAIN BBIBOJBI U3 3TON KaTacTpodbl U
HOCJICIIYIOHIaH JOIUHaAMHUKa pI)IHKa Y)Ke HC BBIXOOIUT HA CTOJIb CHUJIBHOC KOFCpeHTHOC

[IOBEIEHHE.

2.5. ArpernpoBaHHbI€ CUTHAJIBI.

KayecTBeHHO arperupoBaHHbBI CUTHAJl MOYKHO OMNMUCAaTh KaK TaKOW CKaJSIPHBIN
CUTHaJI, KOTOPBIH B MaKCHMaJIbHOW CTENICHH aKKyMYyJHUpyeT B ceOe HamOosiee obiiue
BapuallMy, MPUCYTCTBYIOUIME Cpa3dy BO BCEX aHAIM3UPYEMbIX Ipoleccax. B 1o xe
BpEMSI METOJ arperupoBaHMsl IOJABISAET T€ COCTABISIOLIME, KOTOPBIE XapaKTEPHbI
TOJIBKO JIJISl O/IHOTO IIPOliecca U UMEIOIINX, KaK IIPABUIIO, XapaKTep JIOKaJIbHBIX [TOMEX,
OOyCIIOBJIICHHBIX cHeIU(pUKON MecTa MPOBEAEHUS H3MEPEHUH, TEXHOTEHHBIMU
OpPUYMHAMHU WM OLIMOKAaMU H3MEPEeHUU. ATPErHpOBAHHBIN CHUTHAN CTPOUTCS B JBa
srana. Ha mepBom 3Tamne MCXOAHBIM MHOTOMEPHBIM psAJl 3aMEHSAETCS Ha MHOTOMEPHBIN
KE€ PpAl T.H. KaHOHUYECKUX KOMIIOHEHT, KOTOpBIE COXPAHSIOT OOILIUE CHUTHAIbl U
OCBOOOKJEHBI OT JIOKaNbHbIX. Ha BTOpoM 3Tame oOlIue CUTrHaIbl JOMOJHUTEIBHO
YCWIMBAIOTCS IyTEM MOCTPOEHHUS OJHOIO CKaJSPHOIO psiia — MX NEpBOM TIJIaBHOM
KOMIIOHEHTbI, KOTOpPbIi M Ha3BaH AarperupoOBAHHBIM  CHTHAJOM  HMCXOJHOTO
MHOTOMEpPHOTO BPEMEHHOI0 psAna. B 3aBUCMMOCTH OT TOrO, HUCIOJB3YIOTCA s
pa3ioxeHus curHaia kinaccudeckue @Dypbe-MeTonbl WM BEUBIET-pa3IOKEHUs,
arperupoBaHHbI CUTHaJ OyAeT Has3biBaThesi Dypbe-arperupoBaHHBIM WIIM BEUBIIET-
arperupoBaHHbIM. Dypbe-arperupoBaHHbIA CUTHAJ ObUT MPEJIOKEH U MPUMEHEH JUIs
aHaimu3a reousnueckux BpeMeHHbIX psmoB B (JIroOymumn, 1998(b)), a BeiiBner-
arperupoBansbiii — B (Lyubushin, 1999(a)), JTroOymmn, 2000(a)).

Haunem c¢ @yppe-arperupoBaHHOIO CUTHQJIA, KOTOPBIM TNpEIHAa3HA4eH MJIs
BbIJIETICHUS OOIIMX CTAllMOHAPHBIX FAPMOHUYECKHX KOJIeOaHUN M OCHOBAH HA aHAJIM3e
HE B CKOJIB3SIIIEM BPEMEHHOM OKHE CPaBHUTENHbHO HEOONBIIONW JIMHBI, a MO Bcel

umMmerolieiics Beioopke. TouHO Takke Kak B 1M.2.3, pacCCMOTPUM (] -MEPHBIN BPEMEHHOI

psma Z(t). Beimenum u3 MHOroMepHoro psiza Habmonenuit Z(t) i-yio cKamspHyio
xomronenty Z,(t) u mocrapaemcs Tak mpodunsTposath (—1) -mMepnsrii pax Z9(t),

COCTaBJICHHBIH U3 OCTABIIMXCSI KOMIIOHEHT, YTOOBI MTOJyYUBIINNCS Ha BBIX0O/E (DUIbTpa
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ckamspupiii curman C?)(t) umen 6v1 ¢ BeimeneHHBIM psmoM Z,(t) MakcHMaibHYIO

KOIr¢pCHTHOCTb Ha Ka)XI0M JacToTe. Z[J'IH 9TOr0 HGO6XOI{I/IMO B Ka4€CTBC MHOT'OMCPHOI'O
HaCTOTHOTO (1)I/IJ'IBTpa HCIIO/IL30BaTh KOMIIOHEHTHI COOCTBEHHOI'O BCKTOpa MaTpHIbI

(2.3.1), B xotopoit B kauectse Y (t) durypupyer Z (t), a B kagectee X(t) — ZV(t).

CDI/IJ'IBTpOM CIIy’)KaT  KOMIIOHCHTEI COOCTBEHHOTO BCKTOpA, COOTBCTCTBYIOIIUC

MaKCUMaJIbHOMY COOCTBEHHOMY YHCITy 3TOH MaTPHIIbI, KOTOPOE, KaK HETPYIHO BUICTh,
paBHO viz(a)) - TOKOMIIOHEHTHOW KBAaJPaTUYHOM KAHOHWYECKON KOTEPEHTHOCTH,
BBeleHHOW B 1m.2.3. CMBICT TOMOOHOW oOmepamud COCTOMT B TOM, YTO €CIH B
KoMnoHeHTe Z (I) TMpHCYTCTBYIOT IIOMEXH, XapaKTepHBIE TOJBKO JUIL 3TOTO pAla U
OTCYTCTBYIONIME B JPYrMX KoMmmoHeHTax psna Z(t), to B curmanze CY(t) omm
OTCYTCTBYIOT TIPOCTO B CHIy TOCTpoeHus. B To xe Bpems B pamxy C)(t) coxpamsiorcs
BCE COCTaBIAIOMNE KOMIOHEHTHI Z,(t), oOmue Ui OCTaJbHBIX COCTAaBISIONIMX psaa
Z(t) - curmama Z®(t). HasoBem psn C@(t) xaHOHMYEeCKOH KOMIIOHEHTOI
ckaisipHoro psiga Z ().

Ompenenum arperupoBanHbiid curHan A, (t) MHOromepHoro BpemeHHoro psna Z(t)
KaK TIEPBYIO TIABHYIO CIIEKTpalbHYI KOMIIOHEHTy MHOToMepHoro psama C@(t),
COCTAaBIEHHOTO W3 KaHOHMYecknx kommodent C¥(t) kakmoro ckamspHOro

BPEMEHHOTO psila, oOpasyromiero McxomHeid psg Z(t). HamomHuM, 4TO TIaBHOM

CHEKTPaTbHOM KOMIIOHEHTOW B YACTOTHOM O0JIacTHM HA3bIBAeTCs MPOEKIUS BEKTOpa
npeoOpazoBanuii  Dypbe OT HCXOIHBIX CHUTHAJIOB Ha COOCTBEHHBIH BEKTOD
CHEKTPaJIbHOM MaTpHIlbl, COOTBETCTBYIOIIMM MaKCHUMaJIbHOMY COOCTBEHHOMY YHCIY.
['maBHass KOMIIOHEHTa BO BpPEMEHHOM TMPEACTABIECHUU IOJydyaeTcss OOpaTHBIM
npeoOpazoBanueM @Dyppe OT TJIaBHOM KOMIIOHEHTHI B YaCTOTHOM IIPEJCTAaBJICHUU.
[Tomuepkuem otianume psina A, (1) oT mpocToil nepBoi IIaBHOM KOMIOHEHTHI. 11 B TOM
U B IPYTOM cllydae psiibl OMpeesstoTCs TyTeM MHOTOMEPHBIX (DUIbTPALIUi, B KOTOPBIX
B KaueCTBE MHOTOMEPHBIX YaCTOTHBIX (UIBTPOB OepyTcs COOCTBEHHBIE BEKTOpa
CHEKTPAILHBIX MATPHII, COOTBETCTBYIOIINX WX MAKCHMAJIbHBIM COOCTBCHHBIM YHCIIAM.
Onnako a7t OOBIYHOM TMEPBOM TJIABHONW KOMIIOHEHTHI TaKOW CIEKTPaJbHOM MaTpullel

SBIIIETCS MATPUI[A MCXOAHOTO BpeMeHHoro pspa Z(t), a mia A, (t) - cmexrpanbHas

MaTpuua psaa C(Z)(t). XoTs B X0lIe¢ M TOW W APYyrodl (QuIbTpamuy MPOUCXOTUT
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BBIICNIEHHE OOMIMX COCTABJIIOIINX, AarperupoBaHHbId curHan A, (t) oOmamaer

NPEUMYIIECTBOM, TIOCKOJIBKY B XOJIE €r0 IIOCTPOSHHSI YHUUTOXKAIOTCS HHANBUAYJIbHBIC
IOMEXH.

B oTnmume oT OIeHKH B CKOJIB3AIIEM BPEMEHHOM OKHE, JUIS OIIEHKH CIIEKTPaTbHON
MaTpHIbl, HEOOXOJUMOM JJIsl IOCTPOSHHS arperHpoOBaHHOTO CHT'HAJ, MCIOJIb30BAJIACh
HerapameTpuyeckas oueHka (2.3.3), myTeM YacTOTHOTO YCPEAHEHHS MEPUOAOTPaMM H
Kpocc-tieprogorpaMm. Takoil BEIOOP CBsI3aH C OOJIBbIIEH CTPYKTYPHOH YCTOMYMBOCTHIO
KJIACCHYECKUX TEPHUOJIOTPAMMHBIX OIIGHOK CIEKTPOB MOIIHOCTH TPH  HAJTUYUH
JUIMHHBIX ~ BPEMEHHBIX  PSJOB 10  CPaBHEHHIO C  [apaMeTPHYECKUMHU
ABTOPErPECCUOHHBIMU OLIEHKAaMH CHEKTpajbHBIX Marpull (2.3.5), koTopsle 00ganaroT
IpEeUMYIIECTBAMU JIMIIb Ui KOPOTKUX BbIOOpoK. lcmomb3oBanoce riyOokoe
ycpenHeHue (CriakuBaHue) MEPHOJOTPAMM B YaCTOTHOM OKHE JutnHOW 1/32 gacTh OT
o0Ilero duucia YacTOTHBIX JAMCKpeToB. Ecmum BpeMeHHBIe psiapl  oOnajainu
JOMHHUPYIOIIUMHA HU3KMMH YacTOTaMH, TO OCYIIECTBISUICS NpPEABAPUTEIIBHBIHN
nepexo] K MPUPALICHUSIM M HOPMHUPOBKA HAa CJMHUYHYIO BBHIOOPOYHYIO JMCIICPCHIO.
Ilepen BBIUMCICHHWEM CIEKTPANbHBIX MATPUIl JaHHBIC MOJBEPTAINCH MPOLEAypam
BUH30PH3ALIMH U KOCHHYCHOTO CIJIa)KMBAHUS Ha KOHIIAX C TIOMOIIBIO BECOBOW (DYHKIIUH

(2.2.18). OpmnHako 3T oOmeEpalMy BBIIOJIHLIUCH JIMIIb JUIS OICHKH CIIEKTPabHOU

MaTpulbl. 3aTeM, JJIsl BHIYMCICHUS] KAHOHUYECKUX KOMIIOHEHT C(iz) (t) nanHbIC emie pa3

peoOpa3oBbIBANINCH B YACTOTHOE MPEJCTABIEHUE C MOMOIIBI0 OBICTPOrO AUCKPETHOTO
npeobpazoBanus Dypbe, HO yke 0€3 CIIIaXUBaHUS W UTEPATUBHOIO YCTPaHEHUS
BBIOPOCOB, a MOJYYHUBIIMECS MHOTOMEpHBIE mpeoOpa3oBanust Oypre MPOEHUPOBATUCH
Ha coOCTBeHHbIE BekTopa. ToOYHO Takas K€ IIOCJIEOBAaTEILHOCTh OIEepaluil
MOBTOPSUIACh ISl BBIYMCIEHUS arperupoOBaHHOIO CHUTHAaja: CHadaja BbIYMCIECHUE
CHEKTPaJIbHOM MaTpullbl KAHOHUYECKUX KOMIIOHEHT, HaXOXKJEHUE I KaxKJIOoro
3HAYEHUS] YacTOThl COOCTBEHHOTO BEKTOpPA, COOTBETCTBYIOIIETO MAaKCUMAaTbHOMY
COOCTBEHHOMY 4HCIy, npoekuuss Dypre-npecTaBlIeHNii KAHOHNYECKUX KOMIIOHEHT Ha
TOT BEKTOpP U, HakoHelN, oOpaTHoe mpeoOpasoBanue @Dypbe OT pesynbraTa
IPOCUPOBAHUSL C LEJIbI0 TMOJYyYEHHUS BPEMEHHON peanu3alil arperupoBaHHOTO

curnana A, (t).

Ecnu ocymectBisizicss mepexoa OT HMCXOAHBIX BPEMEHHBIX PSIOB K psAlaM B
MPUPAIICHUSX, TO arperupoBaHHbI CUTHAJ Takke OyAeT MOCTPOEH ISl MpUpalleHui.
[Toaromy (uHanmbHAs omepanus B 3TOM Cydae 3aKII04aeTcs B MHTETPUPOBAHUU PAJa,

TO €CThb BbIYUCICHHUU B KaH(I[BIﬁ MOMCHT BpPCMCHU CYMMbI TCKYUICTO U BCCX
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NPEeAbIAYIINX 3HAYCHUMN. OTMeTHM, 4YTO arperupoBaHHbI CHTHal HE HUMEET

¢buznyecKkoil pasMEpPHOCTH, TOCKOJIbKY OH CTPOHUTCS IIOCNE IOCIEI0BaTeIbHOCTH

onepauﬂﬁ HOPMHUPOBKH HCXOOHBIX AAHHBIX, €TI0 CMBICJI COCTOHUT JIMIIb q)OpMaJ'IbHOM

BBIICTICHUH HanOoJiee O0IMX TapMOHUYECKUX BapUaIUil.

Denap. KanudopHua

Oenpp. Weeyua

Temnep. MpeHnaHana
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y e T R
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Mepuogapl, roapl

Puc.2.12. CBepXy BHU3 NPEACTABICHBI TPaUKHN TPEX KIMMATHIESCKUX BPEMEHHBIX PSIIOB:
IBYX AeHapoxponosoruit u3 Kanudopuuu (octucras cocta) u [lIeennu (motnanackas
COCHA) U PEKOHCTPYKIIUHU 3UMHUX TeMIepartyp B [ peHsIaHIuu 110 JIe0BBIM KEpPHaM,
OTHOCAIINXCS K UHTepBaiy BpeMenu 553-1973 rr. BpemeHHble psiibl mpuBeaeHbI (TyTeM

yCpEIHEHHs i IPOPEKHUBAHUS) K HHTepBay AUCKpeTn3amuu 5 ner. [lanee uayT rpaduku ux
@ypbe-arperupOBaHHOIO CUTHAJIA U OLIEHOK CIIEKTPOB MOIIHOCTH KaK HUCXOJIHBIX PSAIOB, TaK

W arperupoBaHHOTO CUTHaNA. M3 cpaBHEHUS CIIEKTPOB BHUIIHO, YTO OOIIEH MepHOTUIECKOM
KOMITOHEHTOM PSIOB SIBJISICTCS JTUITH 56-T0A0BasI IEPHOTUIHOCTD.

135



Ha pwuc.2.12 npexacraBieHbl pe3ysbTaThl NpUMeHeHHsS Dypbe-arperupoBaHHOTO
CUTHaja K COBMECTHOMY aHalu3y 3-X KIMMaTHYECKHX BPEMEHHBIX pSJIOB. JABYX
JIeHApoXpoHonorui, oTtHocamuxcs K Kamudopuun u IlBenuu u pexkOHCTPYKIUU
3UMHHUX TeMIiepaTyp B ['peHnanauu.

[epesiii psn (Kanmudpopuusi, «tpona Madycaunna») yxe aHAIU3UPOBAJICS C TOYKH
3peHUs TIONCKA B HEM XapaKTEPHBIX TOYCK pasiiaJKu noBeaeHus — cM. puc.1.4 u 1.16. B
JAHHOM CJTy4yae M3 3TOr0 BPEMEHHOTO PsiJl B3SITa JIsl aHANU3a JIUILb MOCIEIHSS 4acTh, C
553 mo 1973 r. DTO CBfi3aHO C TEM, YTO €ro HeoOXOoAuMO OBbLIO aHAIM3HPOBATH
COBMECTHO C JIPYI'MMHU psJaMH, a Ui TPEHJIAHACKOTO BPEMEHHOTO psija MHTEpBal
BpemeHHn — 553-1973 rr. Kpome Toro, ajis moaBieHUs BHICOKOYACTOTHOTO IIyMa Psij
ycpenHsuics U mpopexuBaics B 5 pa3. Takum obpazom, Ha puc.2.12 oH mpeacTaBiIeH C
UHTEpBAJIOM JAuckperuzanuu 5 ner. To ke camoe OBUIO MpoOJETaHo IS
nenapoxponosorun u3 llBeruu (nepeBo — motnanackas cocua, 500-1980 r.): cHauana
OBUT B3AT KyCOK psijia, oTHocsmmiics kK 553-1973 rr., a moTtoM OH yCpemHsuICsS W
npopexxuBaics B 5 pa3. BpeMeHHOUW psn pEeKOHCTPYKIMI 3UMHHX TEMIIEpaTtyp B
I'pennannuu mo aHanu3y JEAOBBIX KEPHOB TAKXKE YXKE aHATU3UPOBAJCS — cM. puc.l.2,
1.5 u 1.6. B maHHOM mnpuMepe 3TOT CHUTHAJ JIWMIIb MPUBOJMICS K OOHmEeMy Iary
JTUCKPETH3AIUH S JIET.

Wrak, Ha BepxHux 3-X rpadukax puc.2.12 npeacraBieHbl CHAHXPOHHBIC BPEMEHHBIC
pSABI, OTpakarolllhe Bapualuu KiuMmaTa B 3-X CHJIBHO Pa3HECEHHBIX APYT OT Apyra
Toukax HaOmoneHus B CeBEpHOM MOJYIIAPUH, C IIArOM IO BPEMEHH S JeT, obiiee
gyrcno orcyeroB — 284. Hwmwke wuzoOpaxkenH rpadpuk nx Dypbe-arperupoBaHHOTO
curHana. IlockoibKy MCXOAHBIE JaHHbIE MMEIOT BBICOKOYACTOTHBIA XapakTep, Hepen
BBIUHCJICHHEM CIIEKTPAIbHON MATPUIIBI IEPEXO/1 K MPUPALICHUSIM HE IPOU3BOIUICS.

BaxxHbIM BOMpPOCOM B HCCIEAOBAHUM KIIMMaTa SIBISIETCS €ro CHEKTPOCKOIUS, TO
€CTh, KaKue MepUo/Ibl Baprallvil KiIrMMaTa ObUIM B MPOLLIOM, a Kakue ceituac (MonuH,
Coneukun, 2005; Schlesinger, Ramankutty, 1994). Dromy ke BOMmpOCYy MOCBSIICHA
oruactu u padora (Klyashtorin, Lyubushin, 2003), cm. puc.1.1, 1.5 u 1.6. OObruHbIit
CIEKTPAJIBHBIA aHAIU3 PA3TUYHBIX KIUMATHUYECKUX BPEMEHHBIX DSIOB JaeT pas3HbIe
MEPUOABl CTATUCTHYECKH 3HAYMMBIX CIICKTPAIbHBIX MHKOB. YacTh O3THUX TITHMKOB
00yCIIOBJI€Ha MECTHBIMU MTPUUMHAMH, a YaCTh — IJ100aTbHBIMHU.

Ha puc.2.12 npexacraBnensl rpadukyd OLEHOK CHEKTPAIbHBIX IUIOTHOCTEH BCexX
HCXOJIHBIX BPEMEHHBIX PSIJIOB, a TAKXKE X arperupoBaHHoro curtaia (AR(86)-omenkn).

W3 cpaBHEHHSI OIEHOK CIIEKTPATBHBIX IJIOTHOCTEH BHUHO, YTO OOIICH MEPHOIHISCKOM
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COCTABJISAIONIEH STHX AaHHBIX 3a nocieanue 1400 jgeT MOXKHO Ha3BaTh JUILIB KoJieOaHue,
uMerome nepuon 56 mer. Bce mpoume crnekTpanbHbIE MUK WUMEIOT JIOKAJIBHBIN
XapakTep U 00yCIOBJICHBI MECTHBIMH NpruunHaMu. OcoOeHHO 3(h(HEeKTUBHO MpoLeaypoit
arperanuy ObUT MOJABJICH IIYM B BBICOKOYACTOTHOM YaCTH CIIEKTPA, JJIsi MIEPUOAOB OT
10 no 50 ner.

BeiiBner-arperupoBaHHbIA CUTHaI CTPOUTCS AHAJIOTMYHO dypbe-
arperupoOBaHHOMY, HO HMEET CHenu(UKy, BHITEKAIONIYI0 U3 (UHUTHOCTH Oa3MCHBIX
¢byskuii. OTIMYMEe COCTOMT B TOM, YTO ISl BEUBIET-arperanil OIMSTh BBOIHUTCS
CKOJIB3AIIICE BPEMEHHOE OKHO HekoTtopod umHbI N  orcyeroB. Panbie, mpu
KOHCTpyupoBaHuu Mep KorepeHtHoctH (2.4.8) u (2.4.20), Ay KaKAO0ro IMOJOKEHHS
CKOJIB3SIIIETO BPEMEHHOTO OKHa, TIOCJIC BBHIIIOJIHEHHS MpPEABAPUTENBHBIX oneparuii (i)-
(V), ¢dparMeHThl BpPEMEHHOrO psja BHYTPH OKHAa TOJBEPTraluCh HE3aBHCUMOMY
(<XKOPOTKOMY»)  THCKpPETHOMY  BelBieT-ipeoOpa3oBanuio. [l BBIYMCICHHS
arperupoBaHHOIO CHUTHAJNIA PSIIbI TOJABEPTAIOTCS JUCKPETHOMY MPEOOPA30BAHUIO JIUIIH
oJMH pa3 («UIMHHOE» MpeoO0pa30BaHUE), a CMBICI BPEMEHHOTO OKHAa COCTOHMT B TOM,
YTO BBIYMCIIEHUE arperupoBaHHBIX BeiBieT-kod¢Guimentos (2.4.10) min pobdacTHBIX
arperMpoBaHHbIX BeiBieT-K03QduirenToB (2.4.24) mNpOW3BOIUTCSA JHIIL IS TEX
KaHOHMYeCKUX K03ddunmenton (2.4.5) u (2.4.17), mist KOTOPBIX HOCUTEIH HCXOTHBIX
k03(h¢unmentor (2.4.1) gexar BHYTPH TEKYIIEr0 BPEMEHHOTO OKHA 7 UIMHOHW N

OTCYCTOB.

Kaxxnprit  BeiBieT-k03QduiueHT CY’)

YPOBHS JICTAIBHOCTH [5 BBIYHUCISACTCS,
cornacHo (opmyie (1.6.7), mo BapramusM UCXOIHOTO BPEMEHHOTO Psijia B OKPECTHOCTH
oTCcUeTa r}ﬂ ), Tre z‘}ﬂ ) = j-2ﬁ , J=1..,M FIRY:C M 5 - 9HCIIO BelBNEeT-K03(hPUIIMEHTOB
Ha YpPOBHE JETAILHOCTH [ s BCEHl ITUTEIBHOCTH BPEMEHHBIX PsimoB (a He s

nmuabl okHa N ). Ilpu mcnonb3oBaHMM OpPTOrOHABbHBIX BeiiBieToB Jlobermm (1.6.5)

(5)

nopsiika 2, pajuyc OKPECTHOCTH TOYKH 7", MOBEJCHHE CUIHAlIA BHYTPU KOTOPOH

BJIMSET Ha 3HaYeHHE K03 duimenra Cgﬂ ), paBen p-2" orcueros.

HpI/I BBIUHUCJICHUHU arpCrupOBAHHOIO0 CUTHAJIA, U KAaKAOTO IOJIOKCHUA 7 IIPaBOro

KOHIIa M JJISI KaXJ0TO YPOBHS JETANbHOCTU [ paccMaTpHBAIOTCS JIMIIb T€ BEHBIIET-

KO3 PUITUEHTHI

Cgﬂ) y 47151 KOTOPBIX BBITNIOJIHSICTCS YCIIOBHE.

P +p2PV<r, (r-N+) <P —p- 2V (2.5.1)
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rie P — 4YuCiIO OOHYJIIEMBIX MOMEHTOB JUIsl MCHOJB3yeMOH Oa3ucHOM (QyHKUIUHU
Hobemu. O6o3HauuM depes L(ﬂA)(N) 9uCI0 KOA(P(DUIIMEHTOB, YIOBICTBOPSIONINX

ycmopuio  (2.5.1). Bepxuuii  wmHAekc «(A)» NOJUYEPKHUBACT OTIMYHE YHCIA

KO>(Q(QUIMEHTOB B aHHOM clyuae OT BBeneHHoro pamee (m.2.4) umena L, (N) npu

BBIYKMCIICHUM OKOHHBIX Mep KorepentHoctd (2.4.8) u (2.4.20). Kak wu panee,
paccMaTpUBaIOTCS JIMIIb T€ YPOBHHU JETATBHOCTH, [T KOTOPBIX BBITIOJIHACTCS YCIOBHE,
anasjoru4noe (2.4.2):

LY(N) > L (2.5.2)

min
3ameTum, uto yciosue (2.5.2), B cuiy (2.5.1), Teneps 3aBUCHT OT THIa Oa3uca.

Jnst manHoM uyHBI OkHA N W U1 YPOBHEH NETaTbHOCTH [, YIOBJICTBOPSIONINX
(2.5.2), B mepBom okHe amanTauuu, A 7= N, 3alIOMHEM Bce L(/),A)(N) g -MEpHBIX

BEKTOPOB arperupoBaHHbIX Kodpduuuento (2.4.10) wim (2.4.24). [lanee, cmemas
OKHO BIIPABO Ha OJIMH OTCYET, IOBTOPSEM HE3aBHCHMO B Ka)K/IOM OKHE aJaITalliii BCIO

NpOLEAYpPY ONpENeNeHUs BEKTOpa arperupoBaHHBIX  KOI(PPHUIMEHTOB, OIHAKO

BBIUMCIISIEM U 3alIOMHHAEM He Bce 00JIaKo L(ﬂA)(N) (J -MEpHBIX BEKTOPOB IJIs1 JAHHOTO

OKHA, a JUIIb OJUH BEKTOpP, COOTBETCTBYIOIIMH IPaBOMY KOHI[y OKHA, MOMEHTY
BpeMEHM 7. TeM camMbIM IPOU3BOAUTCS ajanTalus arperupoBaHHBIX BEWBIIET-
K02(p(PUIIMEHTOB K COBOKYITHOMY ITOBEIEHHI0 MHOTOMEPHOI'O CHUTHaja Ha IMPOLUIOM
BpeMeHHOM okHe anuHoM N orcueroB. IlomyuyeHHble 3Ha4YeHUs arerupoOBaHHBIX
K03 PHUIIMEHTOB  paccMAaTPUBAIOTCS  KaK  BEWBIET-KOA(PQPHUIMEHTH  HEKOTOPOTO
ckansipaoro curHana W () , koTopblit MOXKeT ObITh HalICH MTyTEM 00PaTHOTO OBICTPOTO
BEHBIIET-NIpe00pa3oBaHMsl U KOTOPBIH HA30BEM Gelignem-azpecuposanHblM CUSHATIOM.
Takum 00pazoMm, BeWBIET-arperUpPOBaHHBIM CHTHAT — 3TO TAaKOW CHUTHAlN, BEHBIET-
K03(pPULIEHTHI KOTOPOro CyTh TJIaBHBIC 3HAYCHHS KAHOHWYECKHX  BEHBIET-
K03(pPHUIIMEHTOB HMCXOOHBIX BPEMEHHBIX PsJIOB, TMOJYYCHHBIE B  CKOJB3AIIEM
BPEMEHHOM OKHE.

B 3aBucMMOCTM OT TOro, Kakas CXeéMa BBIYMCIEHUS arperupoOBAHHBIX
K03 PuIUEeHTOB Hcmob3yeTcs — oObuHas (2.4.3)-(2.4.10) wiu poGacthas (2.4.16)-
(2.4.24), BeiiBieT-arperupoOBaHHBIA  CHTHAJ  TaKKe SBISETCS JIMOO  TPOCTO
arperupoBaHHbIM, JHM00 poOACTHBIM arperupoBaHHbIM. J[nuHy okHa N MOKHO B3STh
PaBHOM IIOJHOW JJIMHE BPEMEHHBIX PSAAOB — B OTOM CIIydae BEWBIIET-arpEerMpOBaHHBIN

curHai OyAeT HeaJanTUBHbBIM, TOA00HO Pyphre-arperupoBaHHOMY.
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[IpenBaputenbHbie Onepanuu Uisi BpEMEHHBIX PSIOB MPHU BBIYMCICHUHM BEHBIIET-
arperupoBaHHOIO CUTHAJIa COCTOST B MepeXo/ie K MPUPAIICHUSIM, €CIH 3TO HE0OX0IUMO
u3-3a JOMUHUPOBAaHUS HHU3KOYACTOTHBIX BapHalMii, ¥ MacHITaOMPOBAHUU KaXIOi

ckaisapHOil komnoHeHtsl Z, (t),Kk=1,...,q MHOrOMepHOro psiga HyTeM 3aMEHbI ee

3HayeHni Ha BeanunHbl U, () cormacHo crnenyrommm npaBuiaMm:

U, = Z,®)/@ZW@N)-Z (@ N)) ama 1<t<N (2.5.3(a))
U t) = Z,0)/2Z @ -N+1L7)-Z"" (=N +17)) mma t>N (2.5.3(b))
Z™(r,s) = max Z(t), Z0" (r,s) = min Z(t) (2.5.3(c))

Omneparyn (2.5.3) HOPMHPYIOT KaXKIbIii BPEMEHHOM PS: B IEPBOM OKHE aarTaIliu
Ha eAMHUYHBIN pa3max (popmyma (2.5.3(a)), a B mocieayonmx OKHAX, CMEIIaeMbIX Ha
OJIMH OTCYET BIIPABO, HOPMHUPOBKA MPOU3BOIUTCS TOIBKO ISl CAMOTO TPABOTO OTCYETa
T, He 3aTparuBas pe3yjbTaTOB HpeAblAyIInX HOpMHUPOBOK (popmyma (2.5.3(b)). Tem
caMbIM JOCTHTAeTCsl ajanTalys K OJHOPOJHOMY MacmrTaly BapUaluil HCXOIHBIX
BPEMEHHBIX DPSJIOB B OKHEe JUIMHOW N OTCUETOB TOJILKO ClIeBa OT TEKYIIEH TOYKH.
Takast UACONOTHS 1€60-0pPUEHMUPOBAHHO20 OKHA adanmayuu OyIeT COONIOAAThCS H
HIDKE, TIOCKOJIbKY OHA HalleJIeHa UMEHHO Ha BBIJCIICHHE MPEIBECTHUKOBBIX d((HEKTOB,
UCKJTIOYas BIMSHUE MTOCIEAYIONINX U3MEHEHHI CUTHAIIOB “Ha Tpolioe”.

Eme pa3 momuepkHeM, 4TO eciau oOpabarbiBaTh HE BCIO BBIOOPKY, a JIMIIb
HayYaJIbHBIA KyCOK IPOW3BOJILHOW UTMHBI, TO OTOpachkiBaHHE W3 00pabOTKU MOCIETHEH
NOPIIMK JaHHBIX HUKAK HE CKaXETCs Ha pe3yJsibTare aHajn3a MEepBOM YacTH JaHHBIX H
arperupoBaHHbIN CUTHAJI HA HAYAJIbHOM MHTEPBAajie BPEMEHU OYIEeT MMETh TOT )K€ BH]I,
4TO U IpU 00paboTKe Bcel nHpopmanuu.

[TockonbKy ISl KaXIOTO TOJOXEHUS 7 BPEMEHHOTO OKHA IMPOIECC BBIYUCICHHUS
arperupoBaHHbIX KOA()(UIIMEHTOB BKIOYaeT B ce0s, B KauecTBe «mOOOYHOTO
pe3yJbTaTa», TaK)Ke U BBIYMCICHUE KAaHOHMYCCKUX KOPPEISIHIA Ul KaXIOro ypOBHS
JICTAILHOCTH, YJOBIIETBOpsIOIIEro ycioBuio (2.5.2), TO B pe3yibTare MOJIYYUM
BEJIMYMHBI, aHAJIOTMYHBIE OKOHHBIM Mepam korepeHTtHocTH (2.4.8) m (2.4.20), HO

KOTOPBIC MbI OYyJIeM OTJIMYATh TaK:Ke 100aBJICHUEM BepXHEro uHaekca «(A)»:
q q
V@ p)=[1vC8), F@H =TIV A (2.5.4)
k=1 k=1

rie v¥(z,p) u vV (r,8) - obbuHBIE W POOGACTHBIE KAHOHMYECKHE KOPPEAUH

BeﬁBHeT'KOB(b(I)I/ILII/IeHTOB Ha YPOBHC JICTAJIbHOCTU ﬂ, BBIYUCIIACMBIC IO HMCXOAHBIM
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ko3dunmentam,  yaoBieTBopstonmx  ycinoBusm - (2.5.1), (25.2)  mocne

npeaBapuTeIbHBIX MpeodpasoBanuii (2.5.3).

(a)

(6)

(B)

0 65 730 1085 1460 1825 21490
CyTkn ot Havana 1990 r.

Puc.2.13. T'paduku arperupoBaHHBIX CHTHAJIOB BPEMEHHBIX PAJOB CKOPOCTH BeTpa (cephie
JIMHUH), K3MEPEHHBIX B 15 mMyHKTax BIOIs ATinanTHueckoro nmoodepexns CIIA B 1990-1995
rr. (puc.2.10): (a) — dypbe-arperupoBaHHblii curHai; (0) — OObIYHBIA BeWBIET-
arperupoBaHHbIN curHal, (B) — poOACTHBIN BEHBIIET-arperUPOBAHHBINA CHTHAI.

Ucnons3oBaics BeiiBner Xaapa, mopor npexacraBurensroctd L .. =16, BpemenHoe okHO —

BCs JTMHA psgoB. Ha KakaoM rpaduke OBEpX CephbiX JIMHUI YEPHBIMU TOJICTHIME JTHHUSIMU
M300paKeHbl KPUBBIE arPErHPOBAHHBIX CUTHAJIOB TTOCIIE HX BEUBIIET-CXKATHS C yPOBHEM
oxatust o =0.995. Jlns cxxartust ucnonb3oBanuch 6asuckl: s Oypbe-arperupoBaHHOTO
curnana — cumiiet 20-To MOps/IKa; Ui BEUBIIET-arPErMPOBAHHBIX CUTHAIIOB — BEUBIIET
Xaapa.

OTnuune 3THX Mep KOTePEHTHOCTH OT BBeACHHBIX panee (2.4.8) m (2.4.20)
3aKJTFOYAETCs B Pa3IMYHON MPeIBapUTEIbHON 00paboTKe CUrHAIOB. [IJ11 OKOHHBIX Mep
(2.4.8) u (2.4.20) ucnonb3yeTcss HOPMUPOBKA HA SIMHUYHYIO BHIOOPOUHYIO JUCIICPCUIO

U TpoLeaypa CIVIAKMBAHMS HAa KOHIIAX OKHA C IIOMOINBK) KOCHHYCHOW BECOBOU
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Gynkun  (2.2.18). [ns mep (2.5.4) wucnonb3yercs JMINL JICBO-OPUCHTUPOBAHHAS
HOPMHPOBKa Ha eauHuuHbId pasmax (2.5.3). CriaxkuBaHue Ha KOHIAX IPH
arperupoBaHMU SIBIISICTCS M3JIMIIHEH ONepanyel, MOCKOJIbKY UCIIONb3YeTCsS «THHHOEY
BeHBIIET-IpeOOpa3oOBaHNe M HCKAKEHHUS M3-32 KOHEYHOM JJIMHBI BO3MOXKHBI JIMILIB B
caMOM Hayaje U KOHIIE BBIOOPOK, HO OHH OCIAOJAIOTCS MEPEXOJ0M K MPHpAIIECHUSIM
(eci 9T0 HE0OX0AMMO). [1JIsl OIPENIENICHHOTO TUITa CHUTHAJIOB, HAIIPUMEp, XapaKTepHO
OCOOCHHOCTBIO KOTOPBHIX SBJSIFOTCS OYEHb OONBIIME M pPE3KUe H3MEHEHHS,
ucnonb3oBanue mMep (2.5.4) npeanoururenshee, yem mep (2.4.8) u (2.4.20).

Ha pwuc.2.13 npexncraBieHbl rpaduKyd arperHpOBAHHBIX CUTHAJIOB BPEMEHHBIX
PAIOB CKOPOCTH BETPa, U3MEPEHHBIX B 15 MyHKTaX BI0JIb ATIAHTHYECKOTO TTOOEPEkKbs
CIIA B 1990-1995 rr. (pumc.2.10). Ha puc.2.13(a) usoOpaxeH rpapuxk Dypbe-
arperupoBaHHOro curHaia, a Ha 2.13(0) m 2.13(B) — BeliBieT-arperupoBaHHBIX
CUTHaJIOB 000uX THUMOB. Vcmnonb3oBasicsa BeHBiIeT Xaapa, MOPOr MpeiCcTaBUTEIbHOCTH

L., =16, BpemeHHOe OKHO — Bcsl jumHa psinoB. Ha puc.2.13(a), cepast nuHus, BUIHA

CWJIbHASI CE30HHAs COCTABJIAIONIAs, KOTOpas Ha HWCXOIHBIX JaHHbIX Ha puc.2.10
BhIpA)KEHA 3HAYMTENBHO ciiabee. Ha rpadumkax BeWBleT-arpernpoOBaHHBIX CHTHAJIOB
(puc.2.13(6) u 2.13(B), cepble JAMHMHK) BBIACIEHBI 00IIME BCIUICCKU B Havaine 1992-ro
roga U B KoHme 3uMbl 1993-ro, cBsi3aHHBIE, MO BCEW BUAMNMOCTH, C CHJIBHBIMHU
HITOpMaMH B ATIIAHTHYECKOM OKEaHe, MPHUYEM, POOACTHBIM arperupOBaHHbBIN CHUTHA
BBIJICJISIET 9TU 001111Me 0COOCHHOCTH U3 (poHA coceqHUX (PIIyKTyaluid CUIbHEe.

Ha kaxmom rpaduke TOBEpX CEphIX JUHHHA YEPHBIMH TOJICTHIMU JIMHUSMHU
n300paKeHbl KPUBBIC arperipPOBAaHHBIX CUTHAJIOB MOCIIE MX BEHBIIET-CIKATHS C YPOBHEM
cxkatust « =0.995. [{ns cxxatus MCIonb30BaIuch 0a3uckl. s Oypbe-arpernoBaHHOTO
curHana — cumiieT 20-ro mopsiaKa; JUisl BEUBJICT-arpPETUPOBAHHBIX CUTHAJIOB — BEUBIIET
Xaapa. llenb 3TuX omepanuii COCTOUT B TOM, YTOOBI MOJYEPKHYTh HauboJiee IHEPro-
HACHIIIICHHBIC BapUaIli CUTHAJIOB, BHE 3aBUCHMOCTH OT UX XapaKTEPHBIX BPEMEHHBIX
MacIITaboB.

Hns  ®ypbe-arperupoBanHoro curHana (puc.2.13(a), uepHas JMHHSA) TaKou
BapHalyel SBISCTCS, MPEKIEC BCEro, CE30HHAS NEpHUOoaMYecKas KoMmroHeHTa. OaHaKo
Ha Hee HAKJIAJBIBAIOTCS KOPOTKOTIEPUOIHBIE BO3SMYIICHUS, KOTOPBIE, KaK M CJIEIOBAIIO
O)KUJIaTh, KOHIIEHTPUPYIOTCS OKOJIO TOJIOBBIX BPEMEHHBIX METOK, KpaTHBIX 365 cyTkam,
TO €CTh B OCCHHE-3UMHHMI ce30H. /i BelBJeT-arperupoBaHHbIX curnanos (puc.2.13(0)
u 2.13(B), yepHbIC JIMHHMHM) IOCIE CXKATUS TAKKE BHIHA CE30HHAS MEPHOIUYHOCTD

KOHIIGHTpAIlMi HauOoJiee CHJIBHBIX OOIIMX Bapwaluii, HO OHU HMEIOT OOJIbIIe
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WHIMBUAYAIBHBIX OCOOCHHOCTEH BCIUIECKOB, MO KOTOPHIM MOXHO CPaBHHUTh WX
WHTEHCHUBHOCTh. 3aMETHUM, UYTO POOACTHBIN arperupOBaHHBIA CUTHAJ OOJIBIIIE COACPIKUT
Oosiblie OOLIMX KPYNHOMACIITAOHBIX BPEMEHHBIX Bapualii, yeM pe3ysbTaT OObIYHON
arperaruu.

Ecau 4mcio oJHOBPEMEHHO aHAIM3HPYEMbIX CUTHAJIOB OYCHb BEIHMKO (HECKOJIBKO
JICCSITKOB), TO BO3MOXXKHA HX Uepapxuyeckdas dazpecayusi, TO €CTh, pa3OUTh HX Ha
Heckoybko Tpymm, He Oomee 10-15 curHamoB B Kaxaoi rpymme (0 CMBICITY
UCCIIEyeMbIX BEIUYMH WIM MO Teorpaguyueckoid ONM30CTH ITyHKTOB IPOBEICHHS
U3MEPCHUI) U TIOCTPOUTD JUTS KaKAOH TPYIIBI CBOM arperipOBaHHbI CUIHAN, a 3aTeM
IPOBECTH BTOPUYHYIO arperanusi — BBIYMCIMTb arperupoBaHHbIl CHUTHAlI OT
arperupoBaHHbIX CUTHAJIOB MEPBOro ypoBHs. Takoi MeTo[ ObLT MCIIOJIB30BaH B padoTe
(JIroOymumH u ap., 2002) a0 cOBMECTHOTO aHai3a OOJIBIIOr0 YUCIa BPEMEHHBIX PSIOB

ciryx0b1 ckopoit momomy B Mockse B 1995-1998 rr.

2.6. AHAJIM3 B3aMMO/I€iiCTBHS HECKOJBKHX NMOTOKOB CeiiCMUYEeCKHX COOBITHIA.

PaccMoTpuM BOIIpOC O CBS3M MEXIy CO0O0M CEHCMHUYECKHUX PEKUMOB HECKOIBKUX
aKTUBHBIX PETHOHOB. JTa 3a7a4a MOXET OBITh pelieHa MEeTOAaMH, U3JI0KCHHBIMH B
ATOW TJIaBE BBIIIE, €CIIM MEPEUTH OT MOCIEAOBATEIBHOCTEH CEMCMHYECKUX COOBITHI K
OOBIYHBIM BPEMEHHBIM psiJlaM C PAaBHOMEPHBIM IaroM 1o BpemeHu. OIHAKO TaKou
MepPeX0]i MOXKET MPUBOAUTh K BO3HHMKHOBEHHIO CHTHAJIOB, MMEIONIUX BHUJ JTMHHBIX
IUIATO TIOCTOSIHHBIX 3HAa4YCHUU (CEHCMUYECKHE 3aTHIIbS), MPEPHIBAEMBIX CUJIBHBIMH
W3MEHEHUSIMU, COOTBETCTBYIOIIUMHU aKTUBU3ALMH CECMUYHOCTU. TeM He MeHee, TaKon
aHaJu3 BO3MOXEH, €CIU NMPUMEHSTh BEUBIIET-pasziioKeHUs 1Mo 0a3ucy Xaapa, 0 4eM
noier peub HUxke, B 1m.3.7. B 3ToM ke maparpade OyaeT U3I0KEH METOH, KOTOPbIi
OCHOBaH HAa COXPAaHEHUHU HCXOJHOM CTPYKTYphl JAHHBIX — TOUYEYHBIX MPOLECCOB.
OCHOBHBIEC KOHCTPYKIIMU METO/Ia ObUIH TpeioskeHbl B padote (JIroOymmH, [Tucapenko,
1993).

[IpencraBuM nocnea0BaTeNbHOCTH CEMCMUYECKUX COOBITUI B M peruoHax B BUJIE!
(@) (@) i— . —

{t”,M*}, j=1.,N,; a=L.,m (2.6.1)
3nech t}“)-MOMeHTH BPEMEHHU CEHCMHUYECKUX COOBITHH, a M}“) -UX MarHuTyja, npo

3Ha4YeHUs1 KOTOPOW Oy/ieM CUMTATh, YTO OHU YAOBJIETBOPSIOT HEpaBeHCTBY M f“) >M,,

MO “-MUHUMAJIBHO OOIIYCTHUMOC K PACCMOTPCHHUIO 3HAYCHHUEC MATrHUTY N, BLI6I/IpaeMOG u3

YCJIOBHS €€ MPEACTaBUTEIbHOCTH Ha paccMaTpuBaeMoM uHTepBajie Bpemenu [0,T]; « -
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HOMCp PpCruoHa WU CEMCMMYECKOI0 Karajora, m-o61uee qucCJI0 COBMCCTHO

aHaIM3UpyeMbIX mpoueccos; N _ - 4uciao coOBITHI B pernoHe « .

O603naunm uepe3 A (t) mHTeHCHBHOCTH (UMCIO COOBITHI B €MHMILY BPEMEHH)
npoliecca B peruoHe ¢ . PaccMOTpHUM CIieTyOIIY0 MOJIEb ATO HHTEHCUBHOCTH:
m
A () =y +Zb/(f) g(t) (2.6.2)
p=1
rme p >0, b};") >0 - mapamerpsl monemu, g (t) - yHKIMA BrMAHMSA Tporecca B

peruone ¢ HomepoMm /3, KOTOpPYIO BbIOEpeM B BUJIE:

g (t) =D exp( r(M¥ —M,))-exp(—(t—ti”)/s) (2.6.3)

P
3nech >0 u s>0 - eme ogHu mapameTpsl Moaenu. Takum oO6pa3oM, COTIACHO

mozenu (2.6.3), Bec COOBITHSI ¢ HOMEPOM | CTAHOBUTCS HEHYJICBBIM HAuWHas C

MOMeHTOB Bpemenn t>t!)

, SKCTIOHEHITHAIBHO PaCcTeT ¢ POCTOM MarHuTynabl M JV’ ) u

SKCIIOHEHIIMAFHO TAaJaeT CO BpPEeMEHEM, CO CKOPOCTBIO, 3a/laBaeéMOil BpeMeHEM
3aryxaHus S. CyMma Bcex Takux 3aTyXarommx (yHKIUIl BpEMEHU 10 BCEM COOBITHIM

BHYTpHU PEruoHa, MOMCHTBI KOTOPBIX CTPOTO MCHBIIC pacCMAaTpUBAEMOI0 MOMCHTA

BpemeHu t, hopMupyioT QpyHKIMIO BIUSHUS peruoHa ¢ HomepoMm /. Ilapamerpsl b}“)

SBIISIIOTCSI MHOXHTEJISIMM, 3a/alOLIMMU CHUJIY BIMSHHUS peruoHa [ Ha pPEeruoH « .

poa. Benuunna bff) ONHUCBHIBACT BIHWSHHE pPETHOHA CaMoro Ha cels

(camoBO30y K aromascsi KOMIOHEHTa MHTEHCUBHOCTH). UTO ke KacaeTcs mapamerpa
(@)

M7, TO OH OTpaKac€T BKJIad B (I)YHKLII/IIO HHTCHCUBHOCTH 4YHUCTO cnyqaﬁHoﬁ,

IIyaCCOHOBCKOM KOMIIOHEHTBI, JUII KOTOPOW (YHKIHS BIUSHUS IOCTOSHHA W
TOXIECTBEHHO paBHa 1. Mogens (2.6.2)-(2.6.3) sBastorcss Moaudukanmedn u
0000IIeHHeM Ha MHOTOMEPHBIH Cilydail JTMHEHHONW MOJENN B3aMMHOTO BIIMSHUS 2-X
TOYEUHBIX TpolieccoB, paccmoTpennoi B (Ogata, Akaike, 1982).

Bpemenno 3adukcupyem mapameTpsl (I, S) M pacCMOTpUM 3ajady ONpeeiICHHS
MHOKHUTEEH (,u(“), bé“)) u3 MPUHIIUIIA MaKCcUMyMa paBJ0Io100usI.

Jlorapudmmueckass (QyHKIUS MPaBIOMOAOOHS JJIsi TOUYEYHOTO IMPOIEcca PEernoHa «

umeer Bua (Cox, Lewis, 1966):

In(L,) = i (2 () —]M (£)d& - max (2.6.4)
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rae [0,T] - uatepBan Bpemenu npoBejaeHus HaoOroaeHuit. [loacrasss (2.6.2) B (2.6.4)

1 muddepennupys no mapamerpam (', b;“)) , HETPYIHO TIOJTYYHTh, YTO:

mn(L ) an(L,) _
(a) (@)
o Zb @

.
(@)
N, =2 ()ds (265)
= 0
() () .
Hockoneky 4“2 0,b;” >0, To BbIpaxkenue B jneBod 4actu opmyinst (2.6.5)
paBHO HYJI0O B TOYKE MakKCHMyMa (YHKIIMH TPaBIONOAO0HS, TaK Kak, JHOO pPaBHEI
HYJIO YacTHble Npom3Bomble — ecan 4 >0 wm bg") >0, aub0 paBHBI caMu

napamerpsl 4 nm b/(;’) — Tak Kak B 3TOM CJy4ae MaKCHMyM JOCTUTAeTCs Ha

rpaHuiie gomyctTumor obmactu. ClieoBaTenbHO, MOXKHO —3alUcaTh ypaBHEHUE,

BBITEKAIOIIEE U3 HEOOXOIUMBIX YCIIOBHI MaKCUMyMa (YHKIIUH TPaBIOTIOA00HS

.
[#9(©de=N, (2.6.6)
0
[MoacraBum (2.6.2) B (2.6.6) u pasmenwm Ha JIMHY HHTEepBana HaOmoaeHui. Toraa
HOJTy YHM:
N
p9+3 . g = 0 = e 2 6.7
EZ = (26.7)
.
e g =41 I g (&)dE - cpemnee 3HaueHme (YHKIMM BIMSHHS peruoHa J3.

o

Honcrasmsas ') w3 (2.6.7) B (2.6.2), momyunm 3aady Ha MAKCHMyM, SKBHBAJICHTHYO

3aade Ha MakcumyM (2.6.4):

m
O (b\,...,b ) = ZIn(,u(“) +Zb[(f‘) -Ag” (tg“))) — max (2.6.8)
B=1
rie AgP(t) =g (t) - g, npu ycnosusx:
b >0,...,b >0, Zb(a) g < " (2.6.9)
=1
Herpyano mokasats, uro ¢yHkims (2.6.8) sBiseTcss CTporo BBIMYKIIOH, Tak Kak ce
recCMaH OTpHIATEIbHO OINMpEICICH H, CciefoBaTeibHO, 3amaada (2.6.8)-(2.6.9) umeer
€IMHCTBEHHOE PEIICHHE.
[Toka MBI paccMaTpuBalu citydail (PUKCHpPOBaHHBIX mapametpoB (I, S). [IpuunHoii

3TOMY SABJIACTCA HEPETYIIPHOCTh U OOJIBIIIOE YHCJIO TOYEK JIOKAJIHHOIO MakKCuMyMa B

3agaun Ha (2.6.4), eclii B CIIMCOK BapbHPYEMBIX MMAapaMETPOB BKIOYHTH Takxke U (I, S)
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(Ogata et all, 1982). [Ins mnpeononeHuss STHX TpyAHOCTel mapamerpsl (I, S)

nepedupanuch Ha JOCTATOYHO T'YCTOM CETKE 3HAUCHHI:
r={r,p=0,..L} r,=r, +Ar-p, Ar=(r, —ru.)/L

)L,

r.
" (2.6.10)

s={5,,d=0,..., L}, Sy =Spin +AS-0, AS = (S;ax = Sprin
U U KaX0i mapsl 3HadeHuit (r, S) u3 muoxkectBa (2.6.10) pemanacs 3amaua (2.6.8),
(2.6.9). B xauecTBe KOHEUHOro BapuaHTa BeIOMpanuch Te mapa (I, 7), A KOTOPOii
BenimunHa (2.6.8) Obl1a MakcuMalbHa.

Haiins pemenue 3amaun (2.6.8), (2.6.9) ¢ «ayuieii» mapoit napamerpos (r, 7) s
KQKIOrO0 pEerHoHa Mbl  TEMeph MOXEM BBECTH T.H. MAmMpuyy  GIusiHus

{K/(}a)1 a=1..m;£=0/1,..,m} umerolryr KOMIOHCHTHI:

() b(a) .75
) 2 e 2 9 5 (2.6.11)
0 B ()

Hy Hy

HamomuuwMm, 4yto ,u(oa) =N, /T - oObIuHas «IIyaCCOHOBCKas» MHTEHCUBHOCTb MPOLECCa B

pernone « . Matepnperanus smeMeHToB MaTpuilbl (2.6.11) 10BOIBHO Ipo3payHa: Ké“)

ecTh wacTh (noms) cpenmeil wmHTeHCHBHOCTH %), COOTBETCTBYIONIAs —HHCTO

CTOXaCTUYECKOM KOMIIOHEHTE CIy4YallHOro TO4Ye€4YHOro mporecca. Ecim Ké“) =1, To

nmponecc B pCruoHe ¢ YUCTO CIIYYa€H U HHUKAK HC CBA3aH C IPOLCCCAMU B APYTUX

paccMaTpuBaeMbIX pervoHax. BennunnHa Ké“) €CTh JI0JIsl CpeIHEW HWHTEHCUBHOCTH

npotiecca, 00ycnoBieHHas BiusaueM [ — o . U3 (2.6.6.) cnenyer, 4to:
KD+ =1 (2.6.12)
=1

(a

3aMeTI/IM, 4TO MaTpullia BIUSAHUA Kﬂ) NpsIMOYTOJIbHAasI MU COCTOHUT M3 M CTPOK U

(m+1) cronbuos. Ilepsriii cTonbern >Toif MaTpumbl (MMerommit mHmeke «0»: x(*)

COCTOMT U3 IIyaCCOHOBCKMX uyacTeil uHTeHcuBHocTed. Ecim ero orOpocuts, TO
OCTaBIIAsACA YacTb MaTpuua OylIeT yke KpaapaTHoW pasmepom Mmxm. Ilo ee
JaroHajiu CTOSAT 3HAYCHUS noJaen MHTCHCUBHOCTH, 00yCJIOBIEHHOU
caMOBO30YK/IEHEM IpPOLIECCOB, a Ha JMAaroHalsX — OTBETCTBEHHbIE 3a B3aHMHBIC
BIUSHUSA. DTH HEAMArOHAJIbHBIE 3JIEMEHTHI MATPULIbl BIUSHUS SBISIFOTCS CYIIECTBEHHO
HECUMMETPUYHBIMU, TO €CThb OOLIel cuTyalueil sBisieTcs OAHOCTOPOHHEE BIIMSHUE

OJTHOM 00J1acTH Ha APYTYI0 6€3 00paTHOTO B3aMMHOTO.
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Ecmu TCIICPb OLUCHUBATDL 3JICMCHTBI MaTPHUIIbL K;,a) B CKOJIB341IEM BPEMCHHOM OKHE

HEKOTOPOW JUIMHBI, TO €€ JJIEMEHTHl CTAaHOBATCA (DYHKIHUSAMU OT 7  — TOJIOKECHUS
MPABOr0 KOHIIA CKOJIB3SIIETO OKHA! K;“) = Ké“) (7). Beenem cremyromiye Tpyu BETMYHHBI,

SABJIAOIIHCCA HHTCIpaJIbHBIMU XaPAKTCPUCTUKAMU «OOJIBIIIOrO» pEeruoHa,

COCTaBJICHHOI'O U3 M COBMECTHO aHAJIM3UPYEMBIX «MaJIbIX» PErHOHOB:

P =23 k(). S@)=2Yx90), C@=2> 3 x(r)  (2613)

p=la=1,a=p

Takum oOpazom, P(7) - 3T0O cpeaHsis o «MabiM» PErnOHaM MyacCOHOBCKAsl YacTh
MOJHOW HWHTEHCUBHOCTH, S(7) - 3TO 4YacTh HMHTCHCHBHOCTH, OTBETCTBCHHAs 3a
CaMOBO30YXKIAIOIIUECs MEXaHM3Mbl celcMu4HOCTH M, Hakonen, C(r) - dacTh

HHTCHCUBHOCTH, OTpakarollas mponuecca BINAHUA CEMCMHYHOCTH B OJHUX obnacTax Ha

ceicMUYHOCTH B Apyrux. OueBuano, uro P+S+C =1.

39 = -y L]
%ty (6)
] Q1 Q25' LN
38 — - L)) =
ih, .. 15
AR O .. Y 08 P
a7 . . .1. . 06 -
_ . ,._':ﬁ- I TR 04
36 - Tahr, 02
-'l., 1 Q4"\Eli -~ O n
1 1Q3 N P 05 -
. u’ N . "‘--.' . 04 _ S
y s ol L Q6 03 4
34 e i PR 02
] " . -..I = . “- . —_
| MR 0.1
| f . .,_ " o J
. ] TaYA>: 08 -
, I Q5 -.*. .. ,-:.-,-'_&._ 06 ] C
| (a) s f: i..'. 04 -
Q8| .V 0.2 -
31+ ' 1 rogpl
S U N o A N SN . S o
199 150 118 116 4 1970 1980 1000 2000

Puc.2.14. (a) — pacmpenencHue SMUIEHTPOB 3eMieTpscennii B Kanupopaun B Teuenne 1963-
2005 rr. ¢ marautynoii M >4 u pa3buenue Bcell ceiCMOAKTHBHOM 00JaCTH Ha 8 PErHOHOB:
Q1-Q8; (0) — rpaduku UHTETPANBHBIX CTATUCTUK (2.6.14), ONHMCHIBAIOLIMX YBOJIOLUIO BO
BpeMeHu croxactuueckoit (P), camoBo30yxnaromieiics (S) u oTpakarolei B3anMHOe
siusaue (C) pernonos Q1-Q8 uacreii ot 00111el cpeHeil HHTEHCUBHOCTH TIPOLIECCa.
OtieHKa B CKOJIB3SIIIEM OKHE JUIMHOM 5 J1eT co cMemenneM 1 roj, mo BpeMeHHO#t ocu —
TIOJIOKEHUE MIPABOTO KOHIIA CKOJIB3SIIIET0 BPEMEHHOTO OKHA.
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Jlis WLTIOCTpalMi METOJia PacCMOTPUM ceiicMuueckuid pexxum  Kanudopruwu,
1963-2005 rr. Ha puc.2.14(a) u300paskeHbl SMUIEHTPHI BCEX COOBITHI ¢ MarHUTYIOW
He meHee 4 3a nepuoa 1963-2005 rr., ahTepIIoky He HCKITIOYATUCH (MCXOIHBIC TaHHBIC
MOTYT OBITH CBOOOJTHO MTOJTYYEHBI o azapecy:

http://neic.usgs.gov/neis/epic/epic_global.html).  Ceiicmudanocts  Kamudopuun —

MeNKO(pOKYyCHasl, TOATOMY OSIHUIEHTPHl BCEX COOBITHH JeXaT Ha TIiyOuHe, He
npesbimaronieid 100 kM. Bes oGmacte pa3dura Ha 8 permonoB Q1-Q8, rpaHwmib
KOTOPBIX TMOKa3aHel Ha puc.2.14(a) B BHIE 3aMKHYTHIX ITOJUTOHOB. Pa30OucHme
OCYILECTBIISUIOCh YHCTO BU3yalbHO, MO TMPHHIUINY OKOHTYPHBAaHHUS KIACTEPOB
celicMUYHOCTA. MaTpuIlbl BIUSHHS OLIEHHBAJIUCH B CKOJB3SIIEM BPEMEHHOM OKHE
mmHOM 5 et co cmemenuem 1 rox. B dopmynax (2.6.10) Opanuce 3Ha4YeHUS:

rim=0r.,=20L=21, s, =305

! Tmax

=2000, L, =21, 3HaueHus S - B cyTkax. B

max
tabmuie (2.6.1) mpencraBieHa MaTpHlla BIUSHHS, COOTBETCTBYIOIIAs BPEMEHHOMY
okay 1974-1978 rr. Komonka, momeudeHHas “POISS.”, COOTBETCTBYET 3HAYCHHIM

CTOXaCTUYCCKHUX BKJIaA0OB K'(()a) . DJIeMEHTEHI MaTpulbl, IMPEBLIMIAOIINEC 3HAYCHUC 02,

BbIIETIEHBl KUPHBIM MipudToM. B mocnenneit crpoke TaOnMIbl MPUBEIEHO YHCIIO

coObITHii B 00macTax Q1-Q8 B aToMm okHe.

Ta6muma 2.6.1. Marpuna Bnustaus s okaa 1974-1978 rr.

Poiss. | Q1 Q2 Q3 Q4 | Q5 Q6 Q7 Q8

Ql | 0.000 | 0.321 | 0.301 | 0.132 | 0.247 | 0.000 | 0.000 | 0.000 | 0.000

Q2 | 0.364 | 0.000 | 0.002 | 0.176 | 0.000 | 0.163 | 0.169 | 0.126 | 0.000

Q3 | 0.000 | 0.000 | 0.034 | 0.45 | 0.026 | 0.000 | 0.001 | 0.459 | 0.031

Q4 | 0.725 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.275 | 0.000

Q5 | 0.000 | 0.049 | 0.057 | 0.000 | 0.057 | 0.738 | 0.051 | 0.000 | 0.048

Q6 | 0.611 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.389 | 0.000 | 0.000

Q7 | 0.000 | 0.000 | 0.043 | 0.000 | 0.050 | 0.448 | 0.091 | 0.123 | 0.246

Q8 | 0.000 | 0.423 | 0.234 | 0.000 | 0.000 | 0.000 | 0.280 | 0.000 | 0.064

Yucno
COOBITUH:

41 17 38 18 83 26 18 20

N3 sroii Tabmmmpl BHIHO, uTo oOjacth Ql B 3TOM OkHe Beaer ceOsi IMacCCHMBHO H
SBIIIETCS «O0BEKTOM arpeccuu» co ctopoHbl Q2 m Q4, Q7 — «arpeccuBHa» U ee

cericMuuecknii pexkum BiuseT Ha Q3 u Q4, obmacts Q5 sABIAETCS KMHTPOBEPTOM» U €€
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MHTCHCUBHOCTh  OOYCJIOBJIGHA B  OCHOBHOM  IIPOLIECCAMH  CaMOBO30YXIEHHUS,
ceficMuuecknii pexkum B obsactu Q4 OombIIeil 4acThlO CTOXAaCTUYECKHM, HO €CTh
3HauyuTenbHoe BiusHue obnactu Q7. Cpenu 3¢ (exToB BIUAHUSA €CTh YJaJEHHbIE — 3TO
U3BECTHBI (akT B CEHCMOJOrHM, OOYCJIOBJICHHBIH CHOCOOHOCTBIO — IKECTKUX
JTUTOCQEpPHBIX IUIUT W BOJH TOPOBOTO JaBICHHS OBICTPO TeperaBaTh H3MEHEHHUE
HanpspkeHui Ha Oonbmime paccrosuus (Bott, Dean, 1973; Co6ones, 1993; CobGoues,
ITonomapes, 2003).

Ha puc.2.14(0) npencraBnensl rpaduku n3MeHenuit Benuuud (2.6.14). OcHoBHas
0COOEHHOCTh STHX 3aBUCHMOCTEH — CHJIbHAS XaOTH3alHUsl CEHCMHUYECKOTO pPEeXUMa
Kamugpopuuu B cepenune 1990-x ronos: 3Hauenus S(z) u C(r) craHOBATCS OJU3KUMU
K Hymo. OTo OOHyJleHHE SBWIOCH pe3yJbTaTOM  JUIMTENBHOTO  TPEHJa,
HaOmromaromierocs ¢ Havyana 1960-x romoB. CoBpeMEHHBIH e Mepuoa HaxXOIUTCs Ha
TPEHJIe TMOoAbeMa KOJUIEKTUBHOW M CaMOBO30YKIAIOMIMXCSI KOMITIOHEHT CEHCMUYHOCTH.
C aT0i TOUKHM 3peHHs celcMuYHOCTh KanmndopHuM BEpHYJIach K COCTOSHHUIO pPeXUMa

BTOpOi1 monoBuHbl 1970-x Trog0B.
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I'JIABA 3.

ITPUMEPBI AHAJIM3A UHOOPMALIUN CUCTEM MOHUTOPHUHTIA.

3.1. «<MenJjieHHbIE COOBITHS» B ACEIICMUYECKOM PEeruoHe.

OpHolt M3 1elel NMPUMEHEHHWs MPOIEIypbl arperupoBaHUS CUTHAJIOB SIBIISCTCS
0OHapyXEHHE C €€ MOMOIIbI0 AaHOMAJIUN, HOCSIINX XapaKTep MEePECTPOUKH CTPYKTYPHI
TOBEJICHUSI OJIHOBPEMEHHO BCEX PErMCTPUPYEMBIX TpoieccoB. Ecnmm HabmromeHus
BEIyTCS CETbI0 MOHUTOPHUHTA, OXBATHIBAIOIIEH 3HAUMTENBHBIN y4acTOK 3€MHON KODBHI,
TO Takas TepecTpoika MOXKET OBIThb WHIUKATOPOM HHTEHCU(UKAIIMKA TPOILIECCOB
JUCCHUTIAIINHA TEKTOHUYECKOW SHEPTUU B BEPXHHUX CJIOSX 36MHOUM KOPHI B BUJIE YCHIICHUS
KPHUIIIIOBBIX  JBWKCHUH, OTOJ3HEBBIX TMPOIECCOB, MUTPAIMH TOA3EMHBIX BO/I.
[Tomo6HOrO poga aHOMANHMM SIBIAIOTCS aHAJOraMU OOBIYHBIX 3EMJIETPSCEHUN B
CeICMOAKTHBHBIX PErHOHAX M MOTYT OBITh Ha3BaHbI ‘“MEAJICHHBIMH COOBITUAMU .

CoBpeMEHHBIE MOJICNIA JHCCHUIIAIMU JSHEPTHH B BEPXHUX CJOSX 3E€MHOM KOPBI
CYIIECTBEHHO ONMUPAIOTCS Ha MPEJCTABICHUS O CaMOIOJOOMH W aBTOMOJCIBHOCTH
MIPOIIECCOB B JUTOC(Epe H, CIeIOBATENHHO, 00 UX MPUHIMIHAIBHONU “‘OJMHAKOBOCTH”
KaKk B CEHMOAKTHMBHBIX, TaKk M B acedicmmyeckux peruonax (CamoBckuii, Ilucapenko,
1991). Pasnuuue OODKHO COCTOSATH JIUINL B XapPaKTEPHBIX YacTOTaX, Ha KOTOPBIX
MIPOUCXOUT JUCCUTIAIUS YHEPTUU. Ecu i ceiCMOAKTUBHBIX PETHOHOB C OOJIBITUM
3HAYCHHEM TPUTOKA TEKTOHUYECKOW SHEPTUM XapakTepHA IUCCHUITAIMSA Ha BBICOKHX
4acToTax, TO B aCEHCMUYECKUX PErrHoHax, TJe MOTOK SHEPTUU ropaso HIKe, pa3psaka
HOCHT OoJiee MIIaBHBIM XapakTep U UMEET BUJ HE PE3KOT0 BO30YKIACHUS CEHCMHUECKUX
BOJIH, @ YBEJIUYCHHS ‘MEIJICHHBIX JIBJKCHMM 3€MHOU KOPBI, MPOUCXOMISIINX BAOIb
CpPaBHUTEIBHO Y3KHUX 30H - JIMHEaMEeHTOB. WHTeHcudukamus mogo0HOro poja
JIBUKEHUM 3€MHOM KOPBI MOXKET MPUBOAUTH K YCHIIEHHUIO MHUTPAIMH TOJ3€MHBIX BOJI,
00JaalomuX CIOCOOHOCTBIO  Pa3yNpOYHITh OJOKH 3€MHOW KOpPBI, YCHJIHBAThH
KOPPO3HOHHBIE TPOIECChl. B CBOIO odYepenpb, mMocieaHee MPUBOAUT K YBEITMUYCHHIO
BEPOSITHOCTH OIOJI3HEH, pacTpeckuBaHUsl (HyHIAMEHTOB OOJBIIMX 3JaHHK, MPOPHIBA
MOJI3EMHBIX TOHHENEH, KOppOo3uu MyTel merpomnonuTeHa. Kpome Toro, moBbIIICHHAS

Murpanuss MTOA3CEMHBIX BOA  MOXKCET TIPUBCCTH K BBIHOCY Ha IMOBCPXHOCTH
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PAAOAKTUBHBIX BEIICCTB U BPDEMCHHOMY MOBBIIICHHUIO CCTCCTBCHHOI'O PAAUOAKTUBHOI'O

Y DJICKTPOMArHuTHOTO (hOoHa.

5600
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Bpems, yackl ot 02.02.1993, 12:00

Puc.3.1. 'paduiku CHHXPOHHBIX BPEMEHHBIX PSIIOB YPOBHEH IMOA3EMHBIX BOJ B CKBAKUHAX
MpoOyPEHHBIX JI0 TOPU30HTOB, JIXKAIMKX Ha TiTyonHax cootBercTBenHo 120, 180, 400 n 1000
MeTpoB (JieBasi KOJIOHKA rpad)MKOB) U MX MpupalieHui (pasasi KOJOHKA IpadUuKOB).
Wzmepenus BoimonHens! ¢ 02.02.1993 12:00 mo 31.08.1997 03:00 u mpuBeaeHsI K UHTEPBATY
muckperusanun 1 gac, Bcero 40096 orcueror. Bapuaruu ypoBHEH KOMIICHCHPOBAHBI OT
BJIMSIHUS aTMOC(EPHOTO JIaBJICHUS ITyTeM OLEHKH (DYHKIWH OTKIIMKA IO BCEH JJIMHE PSIOB.
N3smepenns 120 u 180 BoimonneHs! B oc.3enenbiit (MockoBckas o6macts), 400 u 1000 — B
Mockse, Ha Tepputopuu LTUTO.

Ompenenenne “MeIJICHHBIX COOBITHUH’, OCOOCHHO B YCJIOBHSIX METaIloJKCa,
SBJISICTCSI  UPE3BBIYAWHO CIIOKHOM  3a/Jaueld, TIOCKOJIBKY TpeOyeT MpUMEHEHUS
KOMIUIEKCHBIX METO/J0B HabmoaeHus u aHanu3a uH@opmaruu. Kak mpaBuio, oauH
npubop (medopmMomerp, HaKIOHOMEp, TpPaBUMETP) BBIAACT Ps  HAOJIOACHUN,
COCTOSIIIMIA B OCHOBHOM W3 NIYMOB TEXHOTEHHOTO M  METEOPOIIOTHIECKOTO

npoucxoxaenus. Ilomesnas wuHpopmanus (wau “curHaid’) MOXET OBITh BBIACIICHA
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TOJILKO B PE3yJIbTaTe COBMECTHOTO CTATHCTUYCCKOTO aHajaW3a MOKa3aHWUU TPYIIIIBI
npruOOPOB, HU3MEPSIOIINX Pa3IUYHbIC TeOPU3MUCCKUE MOJS M/WIM YCTaHOBJICHHBIX B
pa3IMYHBIX MyHKTax HaOmroaeHus. OTMETUM, YTO ¢ paclIupeHUueM apeaiia TeXHochepbl
HAa TIOBEPXHOCTH 3E€MJIM BCE MEHbBINE OCTACTCS PETHOHOB, CBOOOIHBIX OT IIYMOB
TEXHOTCHHOTO  TPOUCXOXkaeHus.  Ilodromy  pa3paboTka  METOAMK  aHaIW3a
reouznueckori WHGOPMAIUK, KOTOpPhIE OBl MAKCHMAJIbHO OYHINATH PE3YJIbTaTh
HAOJIOZICHUI OT TEXHOTCHHBIX IIIyMOB SIBJISICTCS BeChMa aKTYaJbHOW 3aavyel Kak JUis
aceiiCMUYeCKHX, TaK W I CEHCMOAKTHBHBIX PETrHOHOB. OTIMYME TEXHOTECHHBIX
IIYMOB, OT IIYMOB METEOPOJIOTHYECKOTO MPOUCXOXKICHHs (BapHamnuii aTMOChEpHOTOo
JIaBJICHUS, TEMIIEPATYPhI, BIAKHOCTH, OCAJKOB) COCTOUT B TOM, YTO MEPBbIC, B OTJINYNE
OT BTOpPBIX, HE MOTyT OBITb H3MEpPEeHbl B HX COBOKyMHOCTHU. (CIemnoBaTeNbHO,
€IMHCTBEHHBI cmoco0 OT HHUX W30aBUTHCSA - ITO HCIHOJIB30BaHWE WHGOpMALUU U3
Pa3HBIX ITyHKTOB HAOIIOJCHMS B TIPEIOIOKEHUN MaJIOH KOPPEIMPOBAHHOCTH IITYMOB B
KaX/IOM ITyHKTE.

Jns wimroctparuu paboThl MeTo1a ObUTH B3STHI JIOJITOBPEMEHHBIC BHICOKOTOYHBIC
HAOIO/IEHUsT 32 BapHAlMSIMH YPOBHEH TOI3EMHBIX BOJA B TpyImme 4-X BOJOHOCHBIX
TOPU30HTOB B MOCKOBCKOM pErHOHE. DTH JIaHHBIC aHAIM3UPOBAINCH B paboTax
(JTroOymmu, Manyrun, Kaszanmesa, 1997(a), 1999; Jlrooymmun, 2001). Ha puc.3.1
MPEJCTaBICHBl PE3YJIbTaThl CHHXPOHHBIX HW3MEPEHHH aTMoc(epHOro JaBiIeHUS,
HApYKHOW TEMIIepaTypbl U BapHallui YPOBHEH MOJ3EMHBIX BOJ B TPYIIE, COCTOSIICH
u3 4-X BOAOBMEIIAIONINX TOPU30HTOB, pacmoiokeHHbIX Ha riayounax 120, 180, 400 u
1000 merpoB. [lns oOpaboTkum B3sAT mHTepBanm Habmonenwit ¢ 12:00 02.02.1993 mo
03:00 31.08.1997, (Bpemst MecCTHOE, 3UMHEE), 4TO OOECIEYMBAET JUIMHY BPEMEHHBIX
psnoB, paBHoil 40096 ogHOYACOBBIX OTCYETOB B KaxaoM psay. M3mepeHus
npooamwuck B.A.ManyruabeiMm u O.C.Kazanuesoii (OMM®3 PAH) B nByx myHKTax,
Haxosmmxcst B MockBe (teppuropust L[UTO, psgoM co craHmueid MeTpo
«BoiikoBckas») U B MockoBckoir obmactu (moc. 3enmensiii Hormackoro paiiona) u
pasHEeCEeHHBIX JIpyT OT Apyra Ha 40 kM.

B nepBoM myHKTe H3MEPSUTUCH BapUaIlUU YPOBHEHN B CKBaXXUHAX, MPOOYPEHHBIX 10
ropu30HTOB, Jexamux Ha riryounax 400 u 1000 M, Bo BTOpoM — Ha riryounax 120 u
180 wmetpoB. Jlms mpocTOTHI  0003HAYEHWH  BOJOHOCHBIX TOPHU30HTOB |
COOTBETCTBYIOIIUX UM BPEMEHHBIX PSAOB mprcBouM UM obo3nauenus 120, 180, 40» u
1000. Bapuauuu yposreit 120 n 180 xapakrepu3yoTcsi HHTEHCUBHBIMH TE€XHOT'€HHBIMU

noMexamMu, CBA3aHHBIMHU C OTKAYKOH JJIsA CHaOXeHHsST MUTHEBOMH BOI[OfI HaCCJIICHHBIX
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MyHKTOB MOCKOBCKO# 00J1acTU. 3aMETUM, OJTHAKO, YTO TOJ0OHOTO pojJa TEXHOTECHHbBIE
MOMEXH, WHAUBUAyaIbHbIE [UIsI KaXXJAOrO0 M3 BPEMEHHBIX PSAOB, MCKIIOYAIOTCA B
MpoLeAype arperaiuu, Kak yxe OblIo cka3aHo Beimie. Puc.3.1 mpeacraBnser kak caMu
UCXOJHBIE BapuallMd YpOBHEH, TNpeABApUTEIBHO OYMIICHHBIE OT  BIUSHHS
aTMOC(EpHOTO JABJICHUS C HCIIOJIB30BAaHME YACTOTHOM TMeEpeaaTouHol (YyHKIWH,
OLICHEHHOM 110 BCEH JUTMHE BHIOOPKH (JIeBasi KOJIOHKA rpa)uKOB), TaK M UX MPUPAIICHUSI
(mpaBast KOJIOHKA).

«MenaneHHbIM COOBITHEM» CUHMTAJICA BCIUIECK MEPhl HECTALMOHAPHOTO MOBEICHHS
BBICOKOYACTOTHOW  cocTaBisomet  dypbe-arperupoBaHHOr0  curHaiza.  Mepa
HECTAIlMOHAPHOCTH OIICHMBAJIaCh B JBOMHOM CKOJB3AIIEM BpPEMEHHOM OKHE U
OpeACTaBisula, MO CYTH, pa3HHULy KO3((UIMEHTOB aBTOPErPECCUOHHON MOAEIH
CUTHaJa, OLIGHEHHON clieBa W CIpaBa OT IIEHTPa OKHA, B METpPHUKE, 3a7aBaeMOi
uHpopmarnmonHorr Matpurei ®dumepa (MaTpuilell BTOPBIX TMPOU3BOIHBIX  OT
JgorapuMuYecKor (PYHKIUK MPaBaONOA00us), AEICHHON Ha JUIMHY OKHA — cM. 11.1.7,
dopmyna (1.7.3).

Ha pwuc.3.2(a) mnpencraien rpapuk mnpupaiieHuii ®Dypbe-arperupoBaHHOTO
curHana. [TocKombKy [UIsi BBIOENICHHS MEIJICHHBIX COOBITUH HEOOXOIUM aHaln3
BBICOKOYACTOTHOM COCTABJIAIONIEH, TO MPHUpALICHHs] CHUTHala MPeACTaBIsIOT Oojee
yAOOHBIN OOBEKT, YeM CaM CHUTHaJI, B KOTOPOM TPHILIOCH Obl MPEeABAPUTEIHHO
U30aBIATBCS OT JTOMHHUpPOBaHMs HH3KHX 4actoT. Ha puc.3.2(0) mzoOpaken rpaduk
Mepsl (1.7.3), OLlCHEHHOI B CKOJB3SIIEM OKHE paamyca 672 orcyera (28 cytok). Drta
JUIMHA OKHa sIBIsieTcs Hambojiee OOOCHOBAaHHOM B HCCIENOBAHUAX T'€O(U3NIECKUX
MIPOLIECCOB, IMOCKOJBbKY OHa paBHA JYHHOMY MeECAIly U TMEPUOAY MOIYJALHUUA OYEHBb
MHOTHX TIPOLIECCOB B 3eMHOW Kope u ruapocdepe. HcmompzoBanach Mojaenb
aBTOPETPECCHH 2-TO MOPsIKA, KaK MOJENIb MUHUMAJIBHOTO MOPSAIKA, pearupyomei Ha
W3MEHEHHE TIOJIOKEHUSI YaCTOTHOH IOJIOCHI, COCPEIOTAYNBAIOIICH OCHOBHYIO YHEPTHUIO
KoJieOaHWil B TEKyIIeM BPEMEHHOM OKHe. BHIIHO, 4TO Ha WHTepBasie HAOIIOIECHUMN
UMEIOTCS P BCIUIECKOB MEphl HECTAIlMOHAPHOCTH TMOBEACHUS AarperupoOBaHHOTO
CUTHasa, KOTopble (GopMHPYIOT 4 Tpymnmbel Haubojiee WHTEHCUBHBIX — B Hayaje
HaOmoeHui, okosio BpeMeHHbIX MeTok 10000 m 27000 wacoB m B konme. Kak Obuto
nmokazano B (JIroOymuu u ap., 1999) myTeM CTaTHCTHYECKOTO MOICITHPOBAHMS
noseenust cratuctuku (1.7.3) mpu ee mpuMeHeHHH K Oeiomy miymy, ypoBenb 0.4
ABIISICTCA CTAaTHCTUYECKU 3HAYUMBIM TIOPOTOM €€ BapHaluuil s HCHOJIb3YEeMBIX

apaMeTpoB.
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1] 5000 10000 15000 20000 25000 30000 35000 40000
Epend, vackl ot 02.02 1993, 12:00

Puc.3.2. (a) — mpupamienus Oypbe-arperupoBaHHOTO CUTHAJA 4-X BPEMEHHBIX PS/IOB
ypoBHeii mog3eMHbIX Box (puc.3.1); (6) — Mepa HecTalmoHapHOCTH pupanieHuit Oypbe-
arperupoBaHHOrO CHrHaia (@) mpu oleHKe ¢ ucrnosb3oBaHueM AR(2)-Mozienu B CKOJIb3sIIEM
BpPEMEHHOM OKHe paauyca 672 yaca (28 cyTok); (B) — mpupaiiieHus poOacTHOTO BEHBIIET-
arperupoBaHHOTO CUTHAJIA, BEIYUCICHHOTO 10 Beeil BBIOOPKe (HeatanTHBHOIO) C

HCIONIb30BaHUEM BeliBiera Xaapa, mopor L .. =16.; (r), uepHas anHus — pe3yabTar CoKaTHs

IpHpaLIEHH arperupOBAHHOIO CHIHAJIA ¢ MCIIONIL30BaHueEM nopora JIoH0Xo0-JIKOHCTOHa,
a =0.992 , ynanenus ypoBHE# I€TaIbHOCTH, HAYMHAS C 7-TO M BBILIE M B3ATHUS
abCOIOTHBIX 3HAYEHHIA; (I), cepas TOJICTas JIMHKS — PE3YJIbTAT CrIIaKUBAHUS a0COTIOTHBIX
3HAUEHMI CKATBIX NPMPALICHUH arperupoBaHHOrO CUTHAIA (YEPHOI IMHUM) B CKOJIB3SIIEM
okHe paanyca 336 yacos.
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I[J'I?I TOTO, LITO6I)I HOJ'Iy‘II/ITI) HC3aBUCHUMOC OGOCHOBaHI/Ie CYHIGCTBOBaHI/IH aHOMaJII/IfI
MOBEICHUSI KOJUIEKTUBHOM COCTABJISIIONICH Bapualdii ypOBHEW TNOA3EMHBIX BOJ,
MOCTPOUM JUISI STUX K€ JIaHHBIX POOACTHBIN BEHBIET-arperMpOBaHHBIA CUTHAT IS

mapaMmerpoB L . =8, BeliBiaer Xaapa ¥ Ipu UCIOIbL30BAHHUU BCEH UIMHBI BBIOOPKHU B
min

KauyecTBe OKHa ananrtaiuu. Ero mnpupamiennst u3obpaxkensl Ha puc.3.2(B). s
BBIJICTICHUSI B TPUPAIICHUSX arperdipoBaHHOTO CUTHAla Hambosee HHQPOPMATHBHBIX
BapHaluil TOABEPrHEM UX MPOLEAYPE BEUBIET-CokaTus ¢ moporom JloHoxo-/[»oHCTOHA
U C UCIIOJIb30BAaHWEM TOrO K€ BelBieTa Xaapa. YPOBEHb CXKaTUS I 3TOr0 CUTHAJIA
okasaiicst paBHbIM 0.992, To ecTh Hanbosiee HHPOPMATUBHBIE BapUaLlMK COCPETOTOUEHBI
mumb B 0.8% BeiiBneT-ko3((HUIIMEHTOB, HMEIONUX MaKCHUMalbHbIe 3HAYCHUS
a0CcoMIoTHBIX BeNWYMH. Jlamee W3 BEHBIET-CKATBIX NMPHUPALIECHUN arperupoBaHHOrO
CUrHaja ObUIM yAalieHbl BCE YPOBHU JETAbHOCTH, HAUMHAS C /-TO U BBILIE, TO €CTh JIJIS
MacIITa0OB BpEMEHHBIX Bapuauui Beilie 128 4acoB u B3AThI aOCOTIOTHBIE 3HAYEHUS
(«ammuTyap»  Bapuanui). Pe3yibTar  3TOH  MOCIEIOBATENBHOCTH  ONEparuii
n300pakeH Ha puc.3.2(r) YepHO JTMHUEH — ITO €CTh U3MECHEHHS aMILTUTY/Ibl HauboJee
MHGOPMATUBHBIX U PE3KUX Bapualuil B KOJJICKTUBHOM KOMIIOHEHTE CHUTHAJIOB.
ConocraBneHe MOMEHTOB BpPEMEHU TPYNIUPOBAHUS PE3KUX HM3MEHEHHH CKaToro
BEHBJIET-arperupOBaHHOTO curHaia Ha puc.3.2(r) ¢ MUKaMH MEpbl HECTAIIMOHAPHOCTH
Ha puc.3.2.(0) mokaspiBaeT, YTO OHH JIOBOJHHO XOPOIIO KOPPEIUPOBAaHHBI JIPYT C
npyrom. Jljis Toro, 4ToOBI clenaTh 3Ty KOPPENSLUI0 0oJjiee HArJSAHOW, aMIUIUTYIbI
PE3KHMX M3MEHEHMH OB CIJIaKEHBI B CKOJIB3SAIIEM BPEMEHHOM OKHE panuyca 336
Y4acoB M pe3yJIbTaT CIUIKHUBAHMS MpeAcTaBieH Ha puc.3.2(r) TOJICTOH cepoil JMHHEH.
N3 conocraBinenuss storo rpaduka ¢ puc.3.2(0) BUAHO, UYTO THUKH MEpHI
HecTaioHapHocTd Ha puc.3.2(0) W MUKKA CrUIQXKEHHOro curHama Ha puc.3.2(r)
COBIAJAIOT 0 BpeMeHU Apyr ¢ apyrom ¢ TouHocThio 300-500 wacoB, mpuveM mHKH
Mephl HectanuoHapHoctd Ha puc.3.2(0), Kak MpaBWiIo, OTCTAIOT OT MaKCHMYMOB
MOCIEAYIOMUX OOIKX BapUaliid. 3aMeTUM, 4TO 3TO OTCTaBaHHUE MPEACTABISET HHTEPEC
C TOYKH 3pEHUS MU3YyYCHUS TOHKOW CTPYKTYpPHI (DOHOBBIX MPOIIECCOB B 36MHOH KOpE: B
OOJBIIMHCTBE CIIy4aeB HM3MEHEHHUIO CHEKTPaJbHOTO CcOcTaBa OOLIEro CHUrHajia
MIPEIeCTBYET YBEINYCHHE €r0 CKaYKOOOPa3HOW COCTABIISIONICH.

Hannune ckaukooOpa3HBIX COCTABISAIOIINX, HE CBSA3aHHBIX C Je(PEKTaMH CUCTEM
U3MEPEHUS] WIH CHCTEM PETUCTPAIMY, HEOJHOKPATHO OTMEYAJIOCh MPH HAOIIOACHUSIX
3a gepopManUsAMU M BapHalMsIMH YpOBHEH TOA3€MHBIX BOA. MOXKHO CTPOUTH

pa3jindHbIC THUIOTE3bl OTHOCHUTCIIBHO ITPOUCXOKACHUA CKa‘{KOO6p33HHX CHUI'HAJIOB,
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HanpuMep, MPOLECChl PelaKCcalui CIa0dbIX HANpPsDKEHWH B TOPHBIX MOpojaax (CBOEro
pola MHUKPO3EMIICTPSICEHMSI) WIIM BBIJCICHHE ITy3bIPHKOB Ta3a M3 CKBAXKHH IIPH
YPOBHEMEpHBIX HaOmoAeHusX. B naro0oM ciyyae Takue CHTHAIBI IPEICTaBIISIOT
UHTEpeC Uisd Teopu3uKa M B OCOOCHHOCTH, €CIM OHM HaOIIONAIOTCS CUHXPOHHO B
pasHBIX MyHKTaX W3MEpeHus. MIMEHHO CHHXPOHHOE BO3HHKHOBEHHE CKaYKOOOPA3HBIX
COCTABISIIOIIMX CHTHAJIOB TIPU3BaH BBIACHATH OIEHKAa poOAcTHOrO BEWBIET-

arperupoOBaHHOr0 CUIrHaja ¢ noCJICAYIHUM €ro C)KaTUEM

3.2. ®opMupoBaHMe NpeIBeCTHUKA TAHIIAHBCKOTO 3eMJIeTPSICEHNS.

PaccMoTpuM HemocpencTBEHHOE MPUMEHEHHE METOJa arperupOBaHHBIX CHTHAJIOB
JUIsL TIOMCKa TMPEABECTHUKOB CHUJIBHBIX 3emieTpsceHuil. Ha puc.3.3 mpeactaBieHb
rpadukn  AaHHBIX Teoduzndeckoro MoHuTopmHra B CeBepo-Bocrounom Kurae.
Jannbie s aHanmza ObuTH J1F00€3HO TperctaBieHsl mpod. Yanr Yaodyenrom, LleHntp
aHanu3a u nporHosa 3emuetpsicennii (Prof. Zhang Zhaocheng, Center for Analysis and
Prediction of Earthquakes, State Seismological Bureau, China). HaGop wucxomHbIx
TaHHBIX cocTouT W3 10 BPEMEHHBIX PSAOB, MPEICTABISAIONIMX CO00M pe3yiabTaThl
CUHXPOHHOM perucTpanu CJIC Ty FOTITHX reo(U3nIecKux apaMeTpoB:
3JIEKTPOCOIIPOTHRIICHUE TOPHBIX MOPOJ - 3 psina, rpaduku 1-3 Ha puc.3.3; HAKIOHHI - 3
psna, rpaduku 4-6 Ha puc.3.3; Bapualuu YpOBHEH MOA3EMHBIX BOJ B CKBOXKHMHAX - 4
psiaa, rpaduku 7-10 Ha puc.3.3.

XapakTepHbli  JIMHEHHbIM pasmep HaOmomatensHod cetm = 200 kM.
OO6pabaTpiBaeMblil HHTEpBaAT HaOIOACHMIA cocTaBiser 8 yiet, ¢ 01 saBapst 1972 roxa mo
31 nexabpss 1979 roma. MHTepBanm B3ATHS OTCUETOB COCTaBiseT 1 CyTKH, YTO
obecreynBaeT UIMHY pAAOB Mo 2922 orcueTa B KaXKAOM. B TeueHue oOpaboOTaHHOTO
WHTEpBalla  HAOMIOJEHUN MIPOU3OIILIO KaracTpouyeckoe TsaHBIIaHBCKOE
semyeTpsicennii - M=7.8, 28 wutons 1976 roma. MoOMEHT 3TOro 3eMIICTPSICCHUS
cootBeTcTByeT 1671 nmuHro ot Havama 1972 roma m oH Hambojiee SPKO OTpPaKeH B
nocrceicMuyeckoil peakiuu Ha rpaduke 9 puc.3.3 Bapuanuii MOA3EMHBIX BOJ B
MyHKTE, HaXOISIICHCS HETTOCPEICTBEHHO B DUIICHTPAIBHOM 30HE.

st mocTpoeHusi BEMBIIET-arperMpOBAHHOTO CHUTHaja ObUI MCIOJIb30BaH BEUBIIET
Xaapa, mrHa BpeMeHHOTro okHa amantanuu /00 cyTOK W MOpOr MpeacTaBUTEIHbHOCTH

L., =10 Ha rpaduxe 11 puc.3.3 npeacraBieHO NOBEACHUE arpernpoOBaHHOIO CUTHAJIA

nepBbix 1670 orcueToB (T.€. BBIOOPKH, HEMOCPEACTBEHHO MPHUMBIKAIOIIEH K MOMEHTY

tomyka) Bcex 10 BpeMeHHBIX psigoB. OHO XapakTepH3yeTcsl aMILIUTYAHON aHOMaJHei,
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MPEIIICCTBYIONMIEH 3eMIICTPSICCHUIO W HavaBiieics npubnmsutensHo 3a 100 cyrok mo
MomeHTa Toiuka. Kpome Toro, rpaduk 11 comepXut npyrue BCIUIECKH JJii MOMEHTOB
Bpemenn MeHee 1000 nHe#t, koTopele, 1O BCEed BHJIMMOCTH, SIBISIFOTCS

IIOCTCEMCMUYECKUMHU PEAKIUAMU U IPEIBECTHUKAMHU IPYTUX 3EMIICTPICCHUM.
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Puc.3.3. Bpemennsie psapl MonuTopunra B CeBepo-Bocrounom Kurae u nx
arperupoBaHHbIi curHai. ['paduku 1-3 — 3eKTPOCOMPOTURIICHHE TOPHBIX MOPOI; rpadhuKu
4-6 — maxnousl, rpaduku 7-10 — Bapuanun ypoBHS moa3eMHBIX; 11 — BeiBier-
arperupoBaHHBIN CUTHAI, TIOCTPOEHHBIH Mo mepBbiM 1670 orcyeram (CTpoOro 10 MOMeHTa
Tsanpmanckoro semnerpsicenuss, N =1671, M =7.8, 28.06.1976); BepTUKanbHbIE TMHAN —
MOMEHT 3EMJICTPSICCHUSL.
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Puc.3.4 ortpaxaer u3MeHeHHE (OPMBI arperMpOBaHHOIO CHUTHAJIA Ha TOCICTHEM
yuactke, mociie 1000-ro mHsa, mo Mepe yBenwdeHus JUTMHBI N oOpabaThIBaeMoit
BoIOOpKHU (0T 1500 mo 1670 oTcueToB) U € MPUOIMIKEHUSI K MOMEHTY TOJYKa. BuaHO,
YyTO HamboJiee KOHTPACTHBIM TPEABECTHUK CGHOPMHpPOBAICA 3a 5 CyTOK [0
3eMIICTPSICEHUS.

Ha puc.3.5(8) wu3oOpaxken rpaduk BelBIET-arperupOBaHHOTO  CHTHANA,
BBIYUCIICHHOTO C TEMH K€ IMapaMeTpaMu y>Ke JUIsl Bcei BBIOOPKH, Ha KOTOPOM BHIHAs
aHOMaNuWs, TMpeaumecTByomas TsSHpMaHCKOMY 3emuieTpsiceHuo. CamM  MOMEHT
3eMJICTPSICCHHUS BBIJICJICH BTOPOM BepTUKaIbHOW juHuer. Ha puc.3.5(0) mpencrasien
rpaduk podacTHOM MOIU(HUKAIIN arperupOBAHHOTO CUTHAJA, KOTOpas TaKkke HaIS)KHO
BBIJICJISICT MPEIBECTHUK TSAHBIIAHCKOTO 3emiierpsiceHus. Emie pas moguyepkHeM, 4ToO
aJITOPUTM arperay BPeMEHHBIX PSAAOB SBISIETCS JIEBO-OpUEHTHPOBaHHBIM. [locnennee
O3HAy4aeT, YTo eciIM 00pabaThiBaTh HE BCIO BBHIOOPKY, a JIMIIb HayalbHBIA KyCOK
MIPOM3BOJILHOW JJIMHBI, TO OTOpachiBaHWE W3 OOPaOOTKM IMOCIEAHEH TMOPIMU JaHHBIX
HUKAaK HE CKa)KETCsl Ha pe3yJibTaTe aHaJu3a IMEePBOW YaCTH JAHHBIX M arperupOBaHHBIN
CHUTHAJ HAa HA4yaJlbLHOM HWHTEpBaJie BPEeMEHU OyJeT MMETh TOT K€ BUJA, YTO M IpH
00paboTke Bcelt HHpOopMaIuu.

Ha mepseoiit B3misan puc.3.5(a) mpousBoaut Gosibliiee BIIEYATICHHE, MOCKOIBKY Te
aHOMaJMH, KOTOpble HAa HEM BHIHBI, OOJbIIE BBIACNAIOTCA HaJ OOmMM (poHOM
cTatucTHueckux (uykryauumid. OJHako W3BECTHO, 4YTO Tepex TSHbIIAHCKUM
3eMJICTPSICCHUEM B TOM ke perroHe Kuras mmeno mecro Xaitusnrckoe (02.04.1975,
M=7.4, 1188-ii nenr or Hawama 1972 roma), mokanayil, €IMHCTBEHHOE B IPAKTHKE
NpPOTHO3a, yCIeIHo npeackasannoe (mo apyrum aandeiM) (Kacaxapa, 1985; Coboes,
1993). Ha puc.3.5 oHO Takke OTMEUCHO BEPTHUKAIBHOM IITPUXOBOH JIMHUEH. Y IpydaeTt
TO, 4TO Ha puc.3.5(8) 3T0 cOOBITHE HE OTMEYCHO HUKAKUM CTATHCTHYECKHU 3HAYUMBIM
3¢ (pexToM CHHXPOHM3AIMU, HU O COOBITHS, HU TOcie Hero. B To ke Bpems Ha
puc.3.5(0) 3ameTeH Kak MPeaBECTHUKOBBIN, Tak U ocTceiicMuueckuit addextol. Kpome
TOTO, BCC aHOMAJIMH, 3aMETHbIC Ha puc.3105(a), Takke MPUCYTCTBYIOT U Ha puc.3.5(0),
HO B 060Jiee KOHTPACTHOM BUJIE.

Taxkum 00pa3om, poOACTHBIN BEHBJIET-arperMPOBAHHbBIN CUTHAN B IAHHOM YaCTHOM
ciydae okazajcsi Ooyiee 4yBCTBUTENEH, YEM €ro MPEIbIIyIIuid BapHaHT, XOTsS JejaTh
BBIBOJ, YTO JUIS aHajiM3a BPEMEHHBIX pPAIOB HU3KOYACTOTHOTO Te0(PHU3MUECKOTO
MOHUTOPHHTa  BCErJa  CIEAyeT  HCIONb30BaTh  POOACTHYIO  arperamio,

MPEXICBPEMEHHO. 3/€Ch JIeJI0 HE TOJIBKO B TOM, YTO POOACTHBINM BapHaHT METOJ]Ia
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TpeOyeT BpEMEHHM cueTa, Ha TMOPSAOK OOJbINe, YeM CTapblii BapuaHT. M3numiHss

YYBCTBUTCIIBHOCTh M€TOAAa MOKET IIPHUBECTHU K TOMY, UYTO OH 6y,Z[GT BBIACTIATH HE TOJIBKO

CHJIBHBIC Bq)(l)eKTBI CHUHXPOHU3alUH, NPpCAMICCTBYIOIHUEC CHIIBHBIM 3CMIICTPACCHUAM (a

HMCHHO OHH W TMPCACTABIISAIOT I/IHTCpeC), HO MCHEC CHIIbHBIC O6H_[I/Ie Bapualuu,

KOTOpBIE,

GbayKTYyarmii.
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Puc.3.4. TlocnenoBarensHOe U3MEHEHNE (HOPMBI arperHpOBaHHOTO CUTHAJIA HA TIOCISTHEM
yuactke, nocie 1000-ro fus, o mepe yBenudeHus iuabl N 006pabaTbiBacMOil BEIOOPKH
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(ot 1500 no0 1670 oTcueTOB) U ee MPUOIMIKEHUS] K MOMEHTY TOJTYKA.

TEM CaMbIM, YBCIWYAT aMIUIUTYyOdy O6HICFO (1)0Ha CTaTUCTUYCCKUX
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N=1188| M=1671

2 7 (6)

Bpems, ¢yTkn ot Havana 1972 r.

_4 T T T T I T T T T I T
0 500 1000 1500 2000 2500

Puc.3.5. I'paduiku BeliBIIET-arpEerUPOBAHHBIX CHTHANIOB BPEMEHHBIX PSIIOB, U300paKEHHBIX
Ha puc.3.3 U OLICHEHHBIX JUIS TapaMeTPOB: JjiMHa okHa axantaiuu = 700, Lmin =10,

HCIIONIb30BAITICH BEMBIIETH Xaapa. (2) — HepoOaCTHBINM BeHBIIET-arpETHPOBAHHBIN CUTHAI,
(6) — ero pobactras MmoguduKanys. BepTHKaIbHBIMU JTHHUSIMH 0003HAYECHBI MOMEHTBI
3emuieTpsiceHui B XalusHre u TsHbIIaHe.

Cpasuenue puc.3.5(a) u puc.3.5(0) moaTBEep:KAAOT 3TO MPEAMOIOKEHUE, XOTS
peakuus podacTHOro CUrHajla Ha XalusHICKoe 3eMJIeTpsICeHUE SIBIIETCs], 0€3yCIOBHO,
CHJIBHBIM JIOBOJIOM B TOJIb3y NMPUMEHEHHs pOOACTHOM CXEMBI arperaiui BpEMEHHBIX
PAIOB.

Kaxkgass W3 BBIOCICHHBIX BBIIIE 3HAYUMBIX aHOMAJIMK, IOMHMO 3aBEIOMO
cBs3aHHOM ¢ TsHIIaHCKOW KartacTpooil M PACCMOTPEHHOM BBIIIE, SBISETCS
UHJUKATOPOM YBEIWYECHHUS KOJUIEKTMBHOI'O IIOBEICHMSI PErMCTPUPYEMBIX IIPOLIECCOB.
3necb Mbl He OyAeM TBITaThCS KaXKIyH0 aHOMAJMI0 HMHTEPIPETUPOBATH Kak
NPEABECTHUK TOI'O MJIM MHOTO CHJIBHOI'O COOBITHS B KaTajore demierpsiceHuil CeBepo-
Bocrounoro Kuras. Benp mpuunHO# yBeIMYEHUs KOJUIEKTUBHOTO TOBEIEHUS MOYKET
OBITH M POl 3eMIIeTpsCEHHH caboil CUiIbl, U yBETUYEHUE KPUIIOBBIX JBWKCHUU THUIA

(V3]

T.H. “MeIJIeHHbIX cOOBITUI”. 1lenbio paccMOTpEHHOTO MpUMepa aHaIKM3a JaHHBIX ObLIa
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HMCHHO TIIOIBITKA BBIACICHUA  KPATKOCPOUHBIX MPCABECCTHHUKOB TsHImancKoro

3EMIICTPACCHUSA, U TPCIAJIOKCHHAA MECTOJHKA ITOKa3ajla CBOIO IEPCIICKTUBHOCTD.

3.3. MHoroMepHble TeOXHMHYECKHE W JJIEeKTPOTEJIypHYECKHe PsiAbl Ha
Kamuartke.
AHanmM3 MHOTOMEpHBIX HaOmofeHudt Ha Kamuyartke pasgeneH Ha 2 4acTu:

THAPOTCOXUMHNYCCKUX BPEMCHHBIX PAAOB U 3JICKTPOTCIUTYPHUICCKUX H3MepeHPII>i.
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Puc.3.6. I'paduiku 16 BpeMEHHBIX PsIIOB MOHUTOPHUHTA THAPOTCOXUMHUYUCCKUX TIOKa3aTeNel Ha
CHCTEMe CKBaKHH M McToUYHNKOB Ha Kamuarke. [Tepsrrit orcuet — 03.01.1986, mocmeaamii —
28.09.1992, untepBa B3ATHS OTCUETOB — 3 CYTOK, 00IIEe YMCI0 HAOIIOCHHI B KAXKIOM Py

- 821. I'pynmna (al)-(a4) — koruentpauus Cl~, rpynmna (61)-(65) — koHLIEHTpamus HOHOB
yronsHoii kucnorsl HCO; , rpynma (1)-(B4) — KOHLEHTpaLHsi KPEMHHEBOI KHCIIOTBI
H,SiO, B mox3emHbIx Bojax. BepTHKanbHOI JHHIEH OTMEUEH MOMEHT 3eMIICTPSICCHHUSI
M =7.1,02.03.1992.
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Ha puc.3.6 mnpencraBnensl rtpaduku 16 BpeMEHHBIX PSJIOB  Pa3IMYHBIX
TEOXMMHYECKHX MOKA3aTeNel, OTHOCAIINXCSA K COCTAaBY MOJI3EMHBIX BOJ B CKBRXKHHAX U
CaMOM3JIMBAIOIIUXCA HCTOYHUKOB [leTpOmaBIIOBCKOTO T'€OAMHAMUYECKOTO IOJIMTOHA
WNucturyTa Bynkanomornn PAH, m3amepenus mposenensl FO.M. XatkeBudyem B 1986-
1992 rr. OOmumit Habop BpEMEHHBIX PsIOB BKJIIOYAET B ce0sl TaKKe BapHallud YPOBHS
MOJ3EMHBIX BOJI, ICOUT CKBOXKUH U TemmepaTypy Bozbl. B pabore (JIroOymwu u ap.,
1996, 1997(b); JlroOymmu, 1995) aHaIM3UPOBAIOCH IMOBEACHHE MAaKCHMaTbHBIX
COOCTBEHHBIX YHCEJ CIEKTPAIBGHBIX MATPHUI] ATHX PSIOB B CKOJIB3SIINX BPEMEHHBIX
OKHax ¥ OCOOCHHOCTH IOJIyUYE€HHBIX YaCTOTHO-BPEMEHHBIX JIHArpaMM COIMOCTABIISLTUCH

¢ ceicMUYHOCThI0 KamMuaTku.

=644 t=2253 |

| M=6.6 (751-1 oTCHUeT), |

1 06.10.1987. M=7.1 I
02.03.1992.
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Bpemst, cyTKH oT Hadama 1986 roga
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Puc.3.7. I'padviku arpernpoBaHHBIX CUTHAJIOB 16 BpeMEHHBIX PSIOB MOHHTOPHHTA
THIPOTCOXMMHUYECKUX Tokazareneit (prc.3.6): (a) — @ypbe-arpernpoBanubiii curuai; (6) —
BeliBIIEeT-arperupoBanHbIii curuai Becex 821 orcuera; (B) — BeliBiIeT-arperupOBaHHbIN CUTHAIT
nepBbix 750 oTcyeToB. BepTUKAILHBIMU THHUSAMH OTMEYECHBI MOMEHTHI HanOoJiee CUITLHBIX
3eMJIETPSICEHUH.
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Jlng aHanusa 3THX JAHHBIX HUXKE OYyT UCHOIB30BaHBI TOJIBKO 2 MOAX0a — METO/
arperupoBaHHBIX CUTHAJIOB M aHAIW3 MAaKCHMAJbHOW KAHOHUYECKOW KOTEPEHTHOCTH
MEXIy 2-MsSi MHOTOMEPHBIMA BPEMCHHBIMH psIaMHU. 3a BpeMs HaOIIOJIECHUN B
OKpecTHOCTH monuroHa (Ha paccrosHuu He Oonee 130 kM) MPOM3ONLIN 2 CHIBHBIX
3emnerpsicenus: 06.10.1987, M=6.6 u 02.03.1992, M=7.1. Ilocneanee coObITHE
SIBJISIETCSI CBOETO POJa BEXOH B celicMuuecKkoM mporecce Ha KamuaTku, Tak Kak IMEHHO
C HEro Hayvajach CHUJIbHAS aKTHBH3AIUs celicMUYHOCTH. K cokajneHWro, M3MepeHus,
c(hOpPMHPOBABIIINE ITU PSIbI, POU3BOAMINCH BPYYHYIO C UHTEpBaJIOM 1 pa3 B 3 CYTOK.
[ToaTomMy, HecMOTpsi Ha OOJBIIYI0 KaJeHIAPHYIO JUIMTEIbHOCTh HAOMIOACHHM UX
(dakTryeckuit 00beM HEeBEIUK — Bcero 821 oTCYeT B KaXKIOM CHUTHAJIE.

M=6.6 M=7.1

1 06.10.1986 102.03.1992
}t= 644 It = 2253

YacTota, 1/cyTku

400 600 800 1000 1200 1400 1600 1800 2000 220Q 2400

|
[Mpaebili KOHEL CKOMNb3ALLEro BpEMEHHOMo OKHa, CYTKM OT Hauana 1986 r.

Puc.3.8. YacToTHO-BpeMEHHBIC TUarpaMma KBajapara MaKCUMaIbHON KaHOHHYECKOH
KOT€PEHTHOCTH MEXJIy S-MEpPHBIM BPEMEHHBIM PSI0M KOHIIEHTPALMU HOHOB YTOJIBHOM

kucinorel HCO, , rpynma (61)-(65) Ha prc.3.6 u 4-MepHbIM BpeMEHHBIM PSIIIOM

KOHIeHTpauuK kpemureBoi kucnorsl H,SiO, B moazemusix Bozax, rpynna (al)-(a4) na

puc.3.6. OueHka B ckounb3siieM BpeMeHHoM okHe mainuHoi 100 orcueros (300 cyTok),
BekTopHast AR(3)-Moerb.

Ha pwuc.3.7 npencrasinensl rpadpuku Pypre-arperupoanHoro curnaia (3.7(a)) u
BEHBJICT-arpErMPOBAHHOTO CHTHAJIA, MOJYYSHHOTO MpPHU JUIMHE BPEMEHHOTO OKHA
ajantanuu 128 orcueTos, UCnonb30BaHUM BeliBnera Xaapa u ans L, =10. [ns Toro,
YTOOBI MPOWLUTFOCTPUPOBATh, YTO METOJ OIICHKH BEHBIIET-arpEerMPOBAHHOIO CHUTHAJA
SIBIIICTCSL  JICBO-OPUCHTUPOBAHHBIM, TO €CTh €ro 3HAYCHHUS 3aBUCIT TOJBKO OT

IIOBCACHUSA 06pa6aTBIBaeMBIX pAaoOB CJI€Ba OT pacCMaTpUBAEMOI0O MOMCEHTAa BPEMCHHU,
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Ha puc.3.7 mpeacTaBieHbl rpaduKy BEHBIIET-arpErMPOBAHHBIX CUTHAJIOB, BEIYUCIICHHBIX
o Bceit Beibopke (puc.3.7(0)) u Tonbko 1o nepBbiM 750 orcyeram (puc.3.7(B)), TO eCTh
ctporo a0 Momenta 3emierpsacenuss 02.03.1992 — BugHO, YTO OHHU MOJIHOCTHIO
COBIAJIAIOT HAa WHTEPBAJIC BPEMEHH, TJC OHU OMNMpPEICIICHbI OAHOBpeMeHHO. Puc.3.7(a)
MOMYEPKUBACT HAIMYUWE OOIMUX HU3KOYACTOTHBIX COCTABJISIONIMX B JIAHHBIX,
dhopMHUpYIOMUX KJIaccHuecKre O0yXTooOpa3HbIe aHOMAaJUU Tepes] COOBITUAMH. UTOo ke
KacaeTcs BEHBIICT-arpEerMPOBaHHOIO CHTHAJIA, TO €r0 MOBEJICHUE TOBOPUT O TOM, YTO
akTuBM3anms ceiicMuuHocTu Kamuarku Havana roroButcs npumepHo 3a 800-900 cyTok
no ero Havama 02.03.1992 - 00 »3TOM CBHICTEIBCTBYET pE3KOE HAdallo
BBICOKOYACTOTHBIX (MIYKTyanuii OOJBIION aMIUTHTY JTBI.

Ha pwuc.3.8 mnpezicraBieHa 4acTOTHO-BpEMEHHAs jJuMarpamMma JBOJIOIMH KBajpara
MOJTYJISi MAKCUMAaJIbHON KaHOHUYECKOW KOTEPEHTHOCTH MEXIY S-MEPHBIM BPEMCHHBIM
PAIOM KOHIIGHTPAIIMH OTPHUIIATEIbHBIX HOHOB YrobHOM KucinoThl (rpymmna (61)-(65) Ha
puc.3.6) u 4-MepHBIM BPEMEHHBIM PSIOM KOHICHTPAIIMA KPEMHHEBON KHCIIOTHI
(rpymma (B1)-(B4) Ha puc.3.6) B mom3emMHbIX Bogax. OIEHKA CTPOMIACH B CKOJB3SIIEM
BpeMeHHOM okHe JunHOM 100 orcuetoB (300 CyTOK) C MOMOIIBIO BEKTOPHOW MOJEIH
aBTOpETrpeCcCUM 3-T0 MOPSIKA C PEIBAPUTEIHLHBIM YCTPAHCHHEM JIMHCWHBIX TPEHIOB U
MEPEeX00M K MPUPANICHUSM B KQXKIOM OKHE. BHIHA OTYETIMBAsT CHHXPOHHU3AIHS 3THUX
MHOTOMEPHBIX CHUTHaj0B mpuMepHo 3a 500 cytok mo cobwitus 02.03.1992 (¢ yuerom
nmuHbl okHa) Ha mnepuomax ot 20 mo 50 cyrok. IlpumeuarenbHO, YTO €CIH
00pabaTbIBaTh OT/ACIBHO 00€ IPYIIEI MHOTOMEPHBIX CHTHAJIOB, TO HH Ta, HU JApyras He
JMAIOT HUKAKUX TPEIBECTHUKOB — TOJBKO JIUIIh OYCBUIAHYIO ITOCTCEHCMHUYECKYIO
CHHXPOHH3AIHI0. DTOT MPUMEP SPKO HILUTIOCTPUPYET BAXKHOCTh KOMIUIEKCHOTO aHaIH3a
Pa3sHOPOAHBIX JAHHBIX IUISI MOMCKA CKPBITBIX CHUTHAJIOB KOJUICKTHBHOIO TOBEICHUS,
NpEBAPSIONINX CHIBHBIC 3€MIICTPSCCHHS.

Ha puc.3.9 m3obpakeHa cxema pacloNOKEHHUS IyHKTa SJIEKTPOTEIUTyPUIECKUX
nabmronenuit Bepxuss Ilaparynka (BIT), a Takke OSHHUICHTPBI 3EMIICTPACCHHH C
MarHutynou He menee 4.5 BHyTpu kBagparta: ot 51 no 55 rpax. CHI u ot 159 no 163
rpan. B/I. Hudpamu o6o3naueHs! cunbHbie 3emiueTpscenus: 1 — 05.12.1997, M= 7.9; 2
- 01.06.1998, M= 6.3; 3 - 08.03.1999, M = 6.9; 4 - 08.10.2001, M= 6.6. Ha puc.3.10
NpeCTaBICHbl TpadUKd BPEMEHHBIX PSAIOB HAONIONEHUA, WHTEPBAT TUCKPETU3AINH

npuBeneH K 1 gacy. Yucno orcueToB B kaxkaom psay N=41447.
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Puc.3.9. (a) — cxeMa pacIoaoKeHus yHKTa 3JIEKTPOTEILIYPHIECKUX HAOIIoneHmi Bepxasis
IMapatyuka (BIT), snuiieHTPOB CHIBHBIX 3eMITeTpsiceHnit 1 ux adrepuiokos (1 — 05.12.1997
r., M =7.9;2-01.06.1998 ., M =6.3; 3-08.03.1999r., M =6.9; 4 -08.10.2002r., M =
6.6); KK — Kypuno-KamuaTckuii Ty00KOBOHBIH %en00, A — ATeyTCKuii TTy0OKOBOHBIH
*xen00; (6) — mocmeI0BaTeNbHOCTE COOBITHI ¢ MarHUTy 10 He MeHee 4.5 B kBaapare ot 51
1o 55 rpaa. CIL u ot 159 no 163 rpaxa. ans uarepBana Bpemenn 01.10.1996-23.10.2001.
udpamu 1-4 oTMEUEHBI CHIIBHBIE COOBITHSI, DMUIIEHTPBI KOTOPHIX MTOKa3aHbI Ha ().
BepTukanbHON IITPUXOBOW JTHHUEH OTMEUEH MOMEHT OKOHYAHUS HAOIOACHIM.

Jlanee mpencTaBiieHbl pe3yJIbTaThl COBMECTHOTO aHAIM3a TPEX BPEMEHHBIX DPSIOB
HaONIONCHNIT 3a BapHAIMSIMU DIICKTPOTEIUTYPHUYECKHX MOTEeHIMaaoB Ha Kamuatke,
nyHKT HaOmonenuit Bepxuss Ilaparynka, 3a mepuox 01.10.1996-23.06.2001
(JIroOymmmH, Konbutoa, 2004). IlyHKT HaOMIOQCHUI MPEICTaBISIET CUCTEMY M3 TpeX

u3MepuTenbHbIX JTHHUK umHOW 70-100 M, OpHEHTHpPOBAHHBIX B MEPHIUOHAIBHOM
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(ceep-tor — nunust 1, curnan 1p), mmpoTHOM (3amag-BOCTOK — JIMHKS 3, CUTHAI 3P) U
JIMAarOHAILHOM (FOr0-3amaj-ceBepo-BOCTOK — JHMHHS 4, cUrHan 4p) HampaBICHHSX.
YacTtoTa perucTpaly pasHOCTH TEUTYPHUYECKHUX IOTEHIMANIOB cocTaBisieT 1 MuH.,
toyHocTh — 0.5 MB. O0mas npoJomKuTensHOCTh HaOMoJeHui cocTaBisieT 4 roga 8

mecseB (¢ 01.10.1996 mo 23.06.2001).

40 (a)
40 S
4“‘_ (6)

40

w | ®

40

40 4

0 200 400 00 800 1000 1200 1400 1600
Bpemsa, cyTKH 0T HAYANa PerHCTPAlHH - 01.10.1996

Puc.3.10. I'paduku ncXOQHBIX JaHHBIX TIOCTIE YCPEIHEHHS U TIPOpEXUBaHUs B 24 pasza
(repexoma K OJHOAHEBHOMY HHTEPBAIY AUCKpeTusanun): (a) — muuus 1; (6) — muaus 3, (B) —
munus 4. TTo ocsim opaunat — MB/100 wm.

B TeueHne HECKOJIBKUX IECATHIETUH B Pa3jIMUHBIX CEHCMOAKTUBHBIX PETHOHAX, B
ToM 4ymciie Ha KamyaTke, TPOBOJMUTCS PErHCTPAIUS DJICKTPOTEILTYPUICCKOTO TIOJS
(OTII) ¢ muensro oOHapyKeHHMs MpeaBecTHUKOB 3emuetpsicennit (Cobomes, 1993;
Co6ones, ITonomapes, 2003). Ho, HecMOTps Ha MHOTOYHCICHHBIC COOOINCHHS O

peructpanu pasHooOpasHbix Bapuauuii OTII B CBSI3M C 3eMIETPACEHHUSIMH, [0
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HACTOSIIETO BPEMEHU HE UMEETCS SICHBIX MPEICTABJICHUN O MEXaHM3Me 00pa3oBaHUS
TaKMX CHUTHAJOB. DTO CBSI3aHO, B IIEPBYIO O4YEpelb, C TPYAHOCTHIO HHTEPHPETALNU
BpeMeHHBIX panoB DTII u3-3a pasHOOOPA3HOTO M KOMIUIEKCHOTO BIUSHUS Pa3IUYHBIX
BHEITHUX U BHYTPEHHHX (pakTOpoB. B pe3ynbraTe HOHOC(HEPHBIX, METEOPOTOTHUECKHUX,
TEXHOTCHHBIX M JIP. BO3JCHCTBUH Tepe] IFOObIM 3eMIICTPSICCHHEM MOTYT TPOSBIISTHCS
pasHooOpa3Heie Bapuwaruu OTII, KOTOpbIe YCIOXKHSIOT BBIICICHUE CHUTHAJIOB,
CBSI3aHHBIX C Pa3BUTHEM COBPEMEHHBIX I'€OJIMHAMHYECKHX MPOLECCOB M MOATOTOBKOM
CUJIbHBIX 3€MJICTPSICEHUM.

B paborax, OCBSIIEHHBIX pe3yJbTaTaM 3JIEKTPOTEILTYPUICCKUX HAOIIOICHUN Ha
KamuaTke u B Ipyrux peruoHax, oTMedalics IUPOKHH HabOp aHOMaJbHBIX CHUTHAJIOB
nepes 3eMIIETPSICEHUSIMUA € aMIUTUTYJaMu OT TiepBbix MB/100 M 10 1eCATKOB M COTEH
MB/100M. VX mpoOAOKUTETBHOCTH COCTABJISIM OT MHUHYT J0 JECSITKOB CyTOK. Ilo
dbopMe BBIICISIINCH TUIABHBIE «OYXTOOOpa3HBIC» BapUAIlMd W HMITYJIbCHBIC CHTHAJIBI
(Cobomnes, 1993; Mopo3 u ap., 1995). Bmecte ¢ tem, B (KombuioBa u ap., 2001)
OTMeuaeTcs, 4yTo, OombIIas yacTh pasHooOpa3Hbix Bapuanuu DTII na KamuaTke nmeror,
B OCHOBHOM, E€CTECTBEHHOE M 3aKOHOMEPHOE MPOUCXOKICHHUE BCIIECICTBHE BIUSHUS
BHEIIHUX  HOHOC(EpPHBIX  HMCTOYHUKOB M  CE30HHBIX,  MPEUMYIIECTBEHHO
THJIPOJIOTUYECKUX M THIPOMETEOPOIornYecKux (hakTopoB. HU3ko4acTOTHBIE Bapuauu
OTII BKIIIOYAIOT TOJOBBIE CE30HHBIE HM3MEHEHUS C aMIUIMTYyJaMU J10 HECKOJIbKUX
JecATKOB — mepBbix coreH MB/100M, a Takke u3MeHEHHS B (OPME HECUMMETPUUIHBIX
«OyXT» C aMIUTUTyJaMH OT CIWHHIl 10 TepBbix necsitkoB MB/100 M B pesynbrare
BBIMAJICHUS OCAJIKOB B JIETHEE BPEMS U 3MMHHUX OTTeINe el (MX MPOIOIKUTEIBHOCTD OT
MEPBBIX CYTOK JI0 JecsATH u Oosiee cyTok). Hambosnee amrumntymusie n3menerus DTII
MPOUCXOAT B ampelie—MIOHEe BO BpeMs TasHUS CHera U B OKTsIOpe—HOsiOpe BO Bpems
BBINAJICHUS Y3PPEKTUBHBIX OCEHHUX OCAJIKOB.

Beibop wHTEepBanma auckperusanud 1 CyTKM TO3BOJIIET W30aBHUTHCA  OT
MPUCYTCTBYIOIIETO B JAHHBIX CHJIBHOTO BBICOKOYACTOTHOT'O IIIyMa, 00YCIOBJIEHHOTO, B
OCHOBHOM, BHemHUMH (aktopamu. Kpome TOro, mepexoi K OJHOAHEBHOMY IMIary
IUCKpPETH3allMd TO3BOJIIET Ooyiee MOAPOOHO M3YYHTh HHM3KOYACTOTHYIO O0JIaCcTh
ciektpa OTII, mns koTopo# mnpeamnosiaraeTcs JMHEWHAas CBSI3b KOMIIOHEHT TIOJI,
BBI3BAHHBIX MEXaHOXJIEKTPUUECKUMH NPeoOpa30BaHUsIMU, C MOPOKAAIOIIUMHU 3TU OIS
MexXaHn4ecKuMu Aedopmarusamu. CrenyeT Takke MOAYEPKHYTh CUIIBHO HErayCCOBBIN U
HECTallMOHAPHBIA XapaKTEp HMCXOJHBIX JIAHHBIX, YTO Cpa3y K€ CTAaBUT IMOJ COMHEHHUE

BO3MOKHOCTb UX COJEPkKATEIBHOI0 aHainu3a ¢ noMouipro dypwe-pasnoxenuit. IMeHHO
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JUTSL TaHHBIX TaKOTO THITA BEHBIIETHI SABIAIOTCS HanOOJee MOIXOAAIINM HHCTPYMEHTOM
aHayu3a.

3emnetpsicenne 05.12.1997 r., M=7.9 (Ne 1 wna pwuc.3.9(0)), mpousonuio Ha
paccrosaun 350 kM ot mnyHkta BII u compoBOXIaloch MHOTOYUCIIEHHBIMHU
adTepIIoKkaMy, KOTOpBIE 3aloJIHWIN oOummpHyto obmacte pazmepom 200x100 xkm B
paiione Kamuarckoro u KpoHomkoro 3aamBoB. IDTO 3€MIETPSCEHHE SIBISETCA
cwipHelmuM Ha Kamuatke ¢ 1971 roma. Ilepem 3TuM 3eMieTpsceHUEM TPOSBHINCH
cnabpie anomanuu B m3MeHeHusx OTII na m. BII, xotopsie Obutn OOHApY’>KEHBI B
pe3ysbTaTe MPUMEHEHHUS KOMIUIEKCAa aJITOPUTMOB OOpaOOTKM MHOTOMEPHBIX PSIOB
JAHHBIX  DJIEKTPOTEIUTypUYEeCKHX  HaOmroneHuil. BbISBICHHBIE  CTAaTHCTHYECKUE
aHOMAJIMU OTpPaXKalll YBEJIWYCHHWE YPOBHS HECHHXPOHHBIX ITYMOBBIX KOMIIOHEHTOB B
MU3MCHEHHSX TEJUTYPUYECKUX MOTEHIMAIOB Ha OTaeNnbHbIX JuHugx (KombiioBa u mp.,
2001). B 1998-2001 rr. B paiione AaunHckoro 3aiuBa Ha paccrosiaun 140-150 kM ot
nyHkra BII mpowmsonum tpu cepum 3emieTpsiceHuid ¢ mMaruutygamu 6.3—-6.9: 27.05-
01.06.1998 r., M=6.3 (N\e 2); 08.03.1999 r., M=6.9 (Ne 3); 08.10.2001 r., M=6.6 (Ne 4).
Bce Tpu 3emieTpsiceHrs COMPOBOKIAINCH MHOTOUHCICHHBIMU apTepIIOKaMH.

Jlna ananu3a ObLT BEIOpaH METOJ] poOACTHOTO BEHBIIET-arperipOBaHHOTO CUTHANA C
OKHOM aJamnTalyu JUIMHOW 365 0TCcYeToB, TO ecTh 1 roj, Kkak Haubosee ecTeCTBEHHOE B
obnmactu  Hu3kux yactor OTII. Hcnonb3oBancs  BeiBner Xaapa, mnopor

npencrasurenbHoctd L, =10. Ha puc.3.11. mpencraBieHsl pe3ylbTaThl aHAIU3a —

caM arperupoBaHHEI CHTHAI M accouMMpoBaHHBE ¢ HEM Mephl (2.5.4) &% (r,p).

3aMeTI/IM, 4TO B 3TOM CJIy4a€ NOBCACHUC arpCrUPOBAHHOIO0 CUTI'HAJIa HC NaJI0 HUKAKHUX

MpUMCYaTCIIbHBIX OCO6CHHOCTeﬁ, B OTIMYHUEC OT COINPAKCHHBIX C HHM MEpP
korepentHoctH K (7, 8) . IMeHHO Ha aHanuse BennunH (2.5.4) B nanpHeiimem Oyner
ClIeJIJaH OCHOBHOM AKIICHT.

B mmenenusx &£V (r, f) Ha puc.3.11 obpamaer BHUMaHHE MOCIEIOBATEIbHBIN

Nepexo/i BCIJICCKOB MEPhI KOJUIEKTUBHOCTH C HHU3KOYACTOTHBIX YPOBHEH JICTaTIbHOCTH
Ha Bce Oosee M Ooyee BBICOKOYACTOTHBIE. OTMETHM, YTO B JIUTEpaAType II0
UCCIICIOBAHUIO KPUTHYECKUX SIBICHHH Takas 3aKOHOMEPHOCTh (POCT YacTOTHI
KOJIJICKTMBHBIX BapHalliii) W3BECTHA JaBHO M Y)K€ HCIIOJIb30Baach JJIs aHajIM3a Kak
reodu3nUeCcKuX, Tak u (prHAHCOBBIX AaHHBIX (Sornette et al., 1996), npasna, BHE paMOK

MHOTOMEPHOTO aHaH3a AaHHBIX. OT4eTIUBbIA MakcumyM &0 (z, ) B konme 1997 —

1998 rr. MOXeT OBITh MPOSBICHUEM TPEABIIYIIETO UKIA MUTPAIIMHA WIIK MOXKET OBITh
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HE CBiA3aH C TaKUM IIPOLCCCOM, €CIIU IMPOABJICHUA MUTpAlIHU OI'PaHUYCHBI B obnactu

OTHOCUTEIBHO MaJIbIX NieproaoB Bapuanuii ITII.
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Bpenst, cyTkH o1 01.10.1996, ITpapbLi KOHeLl BpeMeHHOI0 OKHA

Puc.3.11. PobacTHblil BeiiBieT-arperupoBaHHbIi CUTHAI — (A) ¥ SBOJIOLHS IPOU3BEACHHS
L ~(A

POOACTHBIX OLIEHOK TOKOMIIOHEHTHBIX KAHOHHUYECKHX KOPPEIISLUMA & )(T, £) (bopmyna

(2.5.4)) Ha nepBbIx 5 ypoBHsX AeTanbHOCTH. BeiiBner Xaapa, uinHa okHa = 365 0TCUETOB,

L,;, =10. Haknonnoii cepoit muHueii co cTpenkoii ykasaHo HalpaBIeHHE MUTPALIHH

BCIJICCKOB KOTC€PCHTHOCTU OT prrIHOMaCIHTa6HBIX ypOBHeﬁ K MEJIKOMACIITAOHEIM.

Hawnbonee BbIpakeHHBIM UK MUTPAIMK, OTMEYeHHBIM Ha puc.3.11 HakmoHHON
CTpENKOH, MOr OBITh CBSI3aH C BO3HHUKHOBEHHEM CuWibHeHero Kpororkoro
3eMJICTPSICEHUST M NPEAIIeCTBOBaTh cuibHOMY 3emuerpsicenuto 08.10.2001 .,
NPOM30LIEIIEMY MOCe 2.5 JETHEr0 OTHOCUTEIBHOIO 3aTUIIbsI, 1 MOKET OBITh CBS3aH

C ImpoucccamMu €ro nmoAroTOBKH.
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BhISBIGHHBIE OCOOGHHOCTH CTpykTyp Bapuammii &7 (r,) (kak  Mepsl

koyutektBHOCTH Bapuanuii DTII Bo BpeMEHHON M 4acTOTHOM 00JacTX), OTPaXKaroT,
MO-BUJIMMOMY, HBOJIIOLIMIO HEKOTOPOro Ipolecca, OOeCHeurBaOIIEr0 BpPEMEHHYIO
W3MEHYMBOCTh 4yBCTBUTEIBLHOCTH OTII K CEMCMOTEKTOHMYECKHM MPOLECCAM.
Pa3BuTHe CpaBHUTEIBHO MENJIEHHBIX CEHCMOTEKTOHUYECKUX U BYJIKAHOTEKTOHMUYECKUX
IPOIIECCOB, COMPOBOXKAAOUIMXCSA — 1e(OPMUPOBAHUEM PA3HOPOIHON CpeIbl, MOXKET
COIMPOBOXKAATHCSI MEXAHOAIEKTPUUYECKUMH IPEoO0pa3oBaHUSIMHU TpU BeAyLIEH poiau

AIIEKTPOKUHETHUYCCKUX U HOHHO-IU(D(Dy3uoHHBIX mporieccoB (CBeToB u ap., 1997).

3.4. MuxpoceiicMu4eckuii (poH nmepea CHIBLHBIM 3eMJIETPSICEHUEM.

PaccmaTpuBaroTcsi HenpepbIBHbIE CUHXPOHHBIE 3alIUCU MUKpPOCEHCMUYECKOro (hoHa
Ha 6 mmpokomoiocHbIX cTaHiuax IRIS, pacrnonokeHHbIX B OOIIMPHOM pPETHOHE,
HpocTUparoIIuMcst OT neHtpa EBpomneiickoit yactu Poccun (OOHuHCK) mo JlanbHero
Bocroka (Kamuarka, CaxanuH), B Te4eHUe Mecsia nepen KpoHOIKiM 3eMIIeTpsiceHueM
Ha Kamuatke (M=7.8, 05.12.1997). [lyremM ycpemHEHUS M MPOPESIKUBAHUS HCXOIHBIX
3aIucel OCyIIeCTBIISICS epexo]] K MHTepBaity AuckpeTusanuu 30 cek. U UccieqoBacs
MUKpoceiicMudeckuil (poH B aumanazoHe nepuojoB oT 1 MuHyTHl 0 2.4 yaca mocie
yAaJeHUusl MacIITaOHO-3aBHCUMBIX TPEHIOB, OOYCIIOBICHHBIX BIUSHHEM NPHINBOB U
TeMIepaTypHbIX KojeOaHuii. DIyKTyanun MUKPOCEHCM aHATU3UPOBAIUCH C TIOMOIIBIO
OLICHOK DJBOJIIONUH HX MYJIbTH(PAKTAIBHBIX CHEKTPOB cHHTYJsipHocTH (11.1.8) B
CKOJIB3AIIIEM BPEMEHHOM OKHe JnuHodM 12 w4acoB. B kadecTBe mnpu3HaKa,
XapaKkTepU3yoIlero cBoiictBa (oHa B TEKyIlleM BPEMEHHOM OKHE, Opaiuch 3HAYCHHS
a - 0000meHHOro ToOKa3aTeds XepcTa, pealu3yIomero MAaKCUMyM — CIIeKTpa
CHUHTYJISIPHOCTU. TakuMm 00pa3oM, OCYILIECTBISUICA IEPEXO] OT aHaIn3a HCXOJHBIX
BBICOKOYACTOTHBIX CEMCMHUYECKHX 3alMCEN K COBMECTHOMY aHAJIM3y HU3KOYACTOTHBIX
BPEMEHHBIX PANOB « -BapMAIMi HA HECKONBKHX CTaHIMUAX. [IyTeM OLEHKH JBOJIONUM

CIEKTpanbHOH Mephl KOTEPEHTHOTO TOBEACHHS « -Baphalliii B  CKOJB3AIIEM
BPEMEHHOM OKHE JUIMHOH 5 CyTOK Ui pas3iuyHBIX KOMOHWHAIMH COBMECTHO
AHATM3UPYEMBIX CTAHIIUH BBIJICTICHBI CKPBITHIC Y (HEKTHI

PaccmarpuBarorcst mro0e3Ho mpenocraBieHHble | eodusmueckoii ciyx6oii PAH
CeliCMHUYECKHE 3allUCH BEPTUKATHHOW KOMIIOHEHTHI ¢ 4yacToToi muckpermzanuu 20 '
Ha 6 mmpokononocHeiX crannusax IRIS B Ilerponarnoscke-Kamuarckom (Pet), FOsxHo-
Caxamunacke (YSS), Marapane (Mag), Sxyrcke (Yak), Apru (Art) ma VYpane wu
Ooununcke (Obn) B Teuenme mecsa, or 05.11.1997 no 05.12.1997 crporo mnepen
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Kponorkum 3emnerpsicennem Ha Kamuarke (M=7.8, 05.12.1997). B ckoOkax yka3aHbI
3-OyKBeHHBIC HJICHTU(DHUKATOPHI CEHCMUYECKUX CTAHIMKA, HAa KOTOpHIC BCIOMIY jajiee
OyayT aenatbes cchlUIKW. [l mepexoja B MUHYTHBIA TUana3oH MEpUOIOB UCXOJHBIE
3allUCH YCPEeOHsUIMCh U mpopexuBanuch B 600 pas, B pesyibraTe yero noiay4aiauch
BpPEMEHHBIE psbl ¢ MHTEpBaIOM auckpern3annu 30 cek. DTH 3amucH CoAepKaiii
BBIOPOCHI OOJIBIIION aMIUTUTYIbl, 00YCIOBICHHBIC BCTYIUICHHSAMHU JTUOO OT YJIaJICHHBIX
CHJIBHBIX 3€MJICTPSICEHUH, TMOO MECTHBIX COOBITUH, B TOM YMCJIE U MPOMBIIUIEHHBIX
B3pBIBOB. J[1151 ycTpaneHust H0O0YHbBIX 3((HEeKTOB, 00YCIOBIEHHBIX TAKMMU BHIOpOCAMH,
nocie mepexoga K 30-CeKyHIHBIM OTCYETaM JaHHBIC IOJIBEPTaUCh HWTEPATHBHOM
Ipolelype BUH30pHU3aLINN.

Ha puc.3.12 uzo6paxensl rpa@uku JaHHBIX MOCJE YCPEAHEHUs, POPEKUBAHUS U
BUH30pu3alui. OTYETIIMBO BUJIHBI IPUIMBHbBIE KOJEOAHHUS U MPOYME HU3KOYACTOTHBIE
TPEHIBI, PEATIOIIOKUTENLHO CBSI3aHHBIE C BApHALUSAMHU TEMIIEPAaTyphl H aTMOC(HEPHOTO
JaBJICHHS. 3aMEeTUM, 4TO 3amuch YaK COICpKUT MPOIYCK JAHHBIX IJISi BPEMEHHBIX
metok 20160-21598 muHyT, KOTOpBIM 3aMeTeH Ha puc.3.12 kak MIaTO MOCTOSHHBIX
3HayeHuid. Kpome Toro, Ha 3ammcu Art mpuUCYTCTBYET HM3KOYACTOTHAs aHOMAJIUS
(BO3MOXKHO KaTMOPOBOYHBINM HUMITYJIbC) Ui BpeMeHHbIX MeTok 32200-32960 munyT,
nocjae KOTOPOH 3aluch IpeTepreBaeT 3HAYMTEIbHbIE CKAadKH BBEPX M BHU3 C
MOCJIETYIOIUM IUIABHBIM BOCCTAHOBJIIEHUEM CPEJHEr0 YPOBHA. OTH 2 Ne(eKTa NaHHbIX
HaJI0 UMEeTh B BUJY IIPU UHTEPIPETALUH PE3yJIbTATOB aHAJIM3a.

3aMeTHM, YTO YYacTOK JaHHBIX Ha 3armucu Art ¢ CHIIbHBIM BO3PACTAIOIIUM TPEHIOM
MOCJIe HU3KOYaCTOTHOTO MMITYJIbCA SIBJISIETCS] BITOJIHE KOHIUIIMOHHBIM JIUISl aHATTN3a, TaK
KaK MCIIOJIb3YEMbIH METO/ OLEHKH CHEKTpa CUHTYJSPHOCTH KaK pa3 NpeAHa3HayeH JUls
UCKJIIOUEHHs] BIUSHUS TpeHIoB. [l TOro, 4TtoObl HCHONb3YEMBIH METOJ OLIEHKH
CHEKTpa CUHTYJIIPHOCTH B CKOJIB3SIILIEM BPEMEHHOM OKHE MOT MIPOMTH HEMPEPBHIBHO MO
BCell anmurenbHOCTH 3amuced Yak m Art uepe3 cOOWHBIC YYacTKH C TOCTOSIHHBIMH
3HAYEHUSIMU 0€3 OCTAaHOBKHM H3-3a2 UMCIIEHHOW HEYCTOMUYMBOCTH, IUIATO MOCTOSHHBIX

3HAYCHHUI ObUTH BO3MYIIIEHBI MaJIbIM FayCCOBCKUM O€JIBIM IITyMOM C TUCTIEpCUEH 1072,
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Puc.3.12. I'paduku HCXOAHBIX JAHHBIX MUKPOCCHCMHUYECKUX KOjeOaHuit it 6 CcTaHIuil ¢
05.11.1997 o 05.12.1997 crporo nepex KpoHotkum 3emierpsicenueM Ha Kamuarke

(M =7.8, 05.12.1997) (kpatkie 0603HAYCHHS CTAHIMI IPUBEACHBI Ha TpaHKax) mocie
nepexona K 30-ceKyHIHBIM HHTEPBAIaM TUCKPETH3ALUH U OTIEPAIlii BHH30PH3ALNH, T.€.
UTEPAaTHBHON CPe3KH OOJBIINX BEIOPOCOB B TaHHBIX, O0YCIIOBICHHBIX BCTYIUICHUSIMU OT
3EMJIETPSICEHUM.
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Puc.3.13. I'paduku 3HaYCHMI & - 06OGIIEHHOTO TOKa3aTeIs XepcTa, peann3yroniero
MaKCUMYM CIIEKTpa CHHTYJIIPHOCTH 3alKCcell MUKPOCEHCMUUECKOTO JOHA Ha BCEX CTAHITHSIX
(puc.3.12) mpu OlleHKE B CKOJB3SIIEM BPEMEHHOM OKHE JUTHHOW 12 4acoB, B3STHIX CO
cmeinenuemM 1 gac. [1o BpeMeHHOM OCH OT/I0KEHA KOOPAMHATA IIPABOI'0 KOHIIA CKOJIB3SIIETO
BPEMECHHOTO OKHA.

[enpio aHanu3a siBisieTcss oOHapy»)eHue 3(PpPeKToB KOrepeHTHOro (CHHXPOHHOTO)
MOBE/ICHUS MUKPOCEHCMUYECKUX KOJICOaHW B MUHYTHOM JIMAIa3oHe MEePUOIOB TOCTe
nepexoja OT HCXOJHBIX JAaHHBIX K HMX CHEKTpaM CHUHTYJISIPHOCTH, OILICHCHHBIM B

CKOJIB3SIIIIEeM BpeMEHHOM okHe. Humke B KauecTBe Takoil XapaKTEpUCTHKHU CIIEKTPOB
CUHTYJSIPHOCTA ObUIM BBIOpPAaHBI 3HAYEHUS « apryMeHTa, Ha KOTOPOM CIIEKTp

JIOCTUTAEeT CBOEr0 MakCcMMyMma. 3Hau€HUs « XapaKTepu3yloT Haubojiee TUINHYHYIO
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CUHTYJSIPHOCTB, KOTOpasi BCTPEYAETCsl Yallle BCEro B IMpeiesiaX TEeKyIIero OKHa, Mpu
YCJIOBHH CaMOIIOJOOHOTO MOBEICHHUS ITyMOBOM COCTABJISAIONICH MUKPOCEHUCM.

JIns TONydeHMs BpPEMEHHBIX DAJOB DBONIONMM 3HAYEHHMH ¢ OBLIO BHIOGPAHO
ckoub3siiiee okHO JamuHOW 1440 30-ceKyHIHBIX OTCYETOB, TO €CTh 12 4acoB, B3aMMHOE
CMEIIEHNEe COCEeMHUX OKOH paBHsIoch 120 orcueram wmmm 1 wacy. [ns ycrpaneHus
MacITabHO-3aBUCUMBIX TPEHIOB Opaiuch MOJMHOMBI 4-ro mopsaka. yukuus h(q) B

h(a)

sapucumoctu Z™(q,s) ~s"® B dopmyne (1.8.7) oueHHBanACh B KaXIOM OKHE IS

MacmTaboB S, M3MEHSIONIMXCS OT MHUHHMajibHOTO 3HaueHus 20 oTcueToB [0
MaKCUMaJIbHOTO, PaBHOTO OJHOW TsATOM jmHBl okHa. I[lpm mmuHe 1440 oTcueros,
TaKUM 00pa3oM, MakcUMaibHbI MaciTad paBeH 288 30-ceKyHIHBIX OTCUeTOB wiu 144
MHEHYTHI = 2.4 uaca. Ha puc.3.13 npeacrapieHs! rpaduKy SBOTIONUN 3HAYCHUH o st
BcexX 6 cTaHIuMil B 3aBUCHMOCTH OT IIPABOTO KOHIIA CKOJIB3AIIEr0 BpEMEHHOTO OKHA.

JlanpHeWmuii njaH aHanM3a COCTOMT B BBIJACNCHHMM KOTEPEHTHBIX BapUallii
3HaueHul « . Jlaxe HEBOOpY>KEHHBIM IJIa30M 3aMETHA CHJIbHAs KOPPEINPOBAHHOCTh

o -Bapuanmii 11s ctanmuii Yak u Mag HaumHast ¢ BpemenHo# Metku 38000 MuHYT.
Jnist BeIZCTICHHST 00JIee CKPBITHIX KOTEPEHTHBIX 3JICMEHTOB TOBEJCHHUS, KOTOPHIE MOTYT
UMeTh ()a30BBINM CIBUT U HAOIIOIATHCS Cpasy IS HECKOJIBKUX CTAHIUN, ObLI IPUMEHEH
METOJ, HWCIOJB3YIOIUN OIEHKY KaHOHWYECKHX KOTEPEHTHOCTEH B CKOJB3AIIEM
BPEMEHHOM OKHE — cM. opmyiry (2.3.2).

Cepus muarpamm Ha puc.3.14(al)-(ad) npeaHasHaueHa 7Sl BBIACICHUS BCILIECKA
KOT€PEHTHOCTH IyTEM OIICHOK ISl Pa3TUYHBIX KOMOMHANMA U3 3-X cTaHiuil. OTMeTHM,
yro Ha pwuc.3.14(al)-(a4) momycTMMO CpaBHEHHE MaKCHMaJbHBIX 3HAYCHHHA MEpPbI
KOTE€PEHTHOCTH, MOCKOJIBKY YUCIIO OJHOBPEMEHHO aHAJTM3UPYEMbBIX BPEMECHHBIX DPSIOB
oaHo u TO >ke. Hawmbombmmit Beruteck korepeHtHoct (0.65), Habmromaercss st
cranimii Mag, Pet, Yak, paccrosiaue ot snuuentpa KpoHoukoro 3emiuerpsiceHus JUist
koTopbix coctaBimseT 900, 350 u 2050 kMm; Hanmenbmmit (0.32) — mist crannumii Obn,
Art, Yak, nanbosee yaaaeHHbIX oT ouara 3emierpscenus, Ha 6800, 5900 u 2050 km. Bo
Bcex BapuaHTax Ha puc.3.14(al)-(ad4) Mepa KOTepeHTHOCTH MpETEpreBacT BCIUICCK B
okpectHocTH MeTku 40000 mMuHYT, KOTOpas COOTBETCTBYET MHTEpBasly HaOIIOJCHHMA

29.11-03.12.1997, To ecth 3a 3-7 CyTOK JIO TOJTUKA.
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[MpaBeIA KoHeU CKONB3AWLEro BReMEHHOMD OkHE, MUHYTEI OT Hadana 05.11.1957

Puc.3.14. (al)-(a4) — 4acTOTHO-BpEMEHHEIE THATPAMMEBI BOJIIOLNH CIIEKTPAIEHON MEPHI

KOTE€PEHTHOCTH BPEMEHHBIX PSJIOB (X -BapHallvil [IPH OLICHKE B CKOJB3SIIEM BPEMEHHOM
okne uinHoit 109 3navenwuii (5 cyTOK) Ui pa3MuHBIX KOMOWHAIMA 3-X OJTHOBPEMEHHO
aHanM3upyembIx cranuii. (01)-(64) — yacTOTHO-BpEeMEHHBIE HArPaMMbl SBOJTIOLUH

CIIEKTpaIbHONW MEPBl KOTEPEHTHOCTH BPEMEHHBIX PSJIOB a -BapHaLMN ISl
MIOCJIEIOBATENILHO YBEJIMUYUBAEMOI0 YUCJIa OHOBPEMEHHO AHAM3UPYEMBIX cTaHImid. Ha
KaXIIOW AuarpaMMe psAaoM ¢ UASHTU(OUKATOPAMHU aHAIN3UPYEMbIX CTaHIMHA IPOCTaBIICHBI
MaKCHMaJIbHbIE 3HAYEHUS MEPBI KOT€PEHTHOCTH.

Puc.3.14(61)-(64) npexncraBnsier 00pa3 pa3BUTUSl <IIATHA KOTEPEHTHOCTH» Ha

IJIOCKOCTU BPEMA-YACTOTA NCPEA KpOHOHKI/IM 3CMIICTPACCHHUEM 110 MCPEC BKIIHOYCHUA
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BCe OOJIBIIETO YMCIIa CTAHIIUI B COBMECTHYIO 00paboTKy (CBEpXy BHU3): OH HAUMHACTCS
¢ 3-x Pet, Yak, Mag, naumbGonee Omu3ko pacmojoxkeHHbIXx K odary (3.14(61)) wu
3aBepiuaercs Bcemu 6 cranuusiMu Ha prc.3.14(64). OCHOBHOI BCIUIECK KOI'€PEHTHOCTH
Ha puc.3.14(61) cocpenoroueH B okpecTHOCcTH BpeMeHHbIX MeTok 40000-42000 MuHyT
Y HAXOJUTCS B CaMOW HH3KOYACTOTHOW YacTH CIeKTpa, 1 nmepuoaoB ot 500 go 6000
MuHYT. C y9eToM TOro, YTO METKH Ha JUarpaMMax COOTBETCTBYIOT MPAaBOMY KOHILY
BpeMeHHOro okHa inHON 7200 muHyT (5 CyTOK), 3TOT BCIUIECK COOTBETCTBYET
untepBasiaMm BpeMeHu 32800-42000 na puc.l u 2 nim 28.11-03.12.1997. Unrepecuo

OTMCTUTH, 4YTO IO MEPC HpI/I6J'H/DK€HI/I$I CKOJIB34AIICTO BPEMCHHOI'O OKHa K MOMCHTY

3eMIIETPACEHHS YPOBEHb KOTEPEHTHOCTH « -Baphalluii TajaeT, XOTs U OCTAETCs BBILIE
(GoHOBBIX cratucTUueckux ¢uykryarmii. OcranbHble quarpamMmbl Ha puc.3.14(61)-(64)
JNAlOT  YBEJIMYEHHE  BPEMEHHOM  JJIUTEIbHOCTM  HHU3KOYACTOTHOTO  «IISATHA
KOTEPEHTHOCTH» 0 MEpe YBEIMYCHHUS YKCIa CTaHIMA. 3ameTuM, uro Ha puc.3.14(64),
rie B o00paboTKy BKItoueHa craHuus Art, Hambonee IIUTEIBHBIA BCIUIECK
KOT€PEHTHOCTH TMpepbiBaeTcst uid BpeMeHHbIX MeTok 33000-34000 mwuuyT, uTO
OOBSICHACTCS HAIMYMEM HHU3KOYACTOTHOTO KaIHMOPOBOYHOIO MMITyJibca Ha 3amucu Art
mutst Metok 32000-32960, 0 koTOpoM yKe TOBOPHIIOCH BBIIIIE.

3aMeTUM KpOME TOr0o, 4YTO HWHTEHCHUBHBIA CHUHXPOHHBIM BCIUIECK IIyMa JJIst
BpeMeHHbIX MeTOK 4920-6000 munyT Ha puc.3.12, o0yClIOBICHHBII BCTYIJICHHEM OT
yaaneHHoro MorrHoro 3emuerpscenus 08.11.1997, 10:02 GTM, M=7.9, mmupora =

35.08 rpan. CII, momrora = 87.32 rpan. B/l, nan yBennyeHne mMepbl KOT€pEHTHOCTH

o -Bapuanmii nuinb Ha puc.3.14(ad4) u 3.14(64), npudyeM a7 BBICOKMX YacTOT» C
nepuoaoM okosio 160 munyT. Ha puc.3.12 M0oXHO 3aMeTUTH elle HECKOJILKO MOT00HBIX
K€ CHHXPOHHBIX BCIIJICCKOB, KOTOPBIE TAKXKE Al HECYNIECTBEHHOE YBEIMYCHUE MEPhI

k(r,®). Konem wuHTepBasia HAOIIOACHUH, HEMOCPEACTBEHHO MPUMBIKAOMIUN K

BCTYIUICHHIO OT KpOHOIIKOTO 3eMIJIETPACCHHS COJNEPKHT BEChbMa HE3HAYMTEIIBHBIC
CHHXPOHHBIE BapHauuu Ha puc.3.12, KoTopble BKIIOYAIOT B cels Takke 2 (opIIoKa.
Kak Obuto moapo6Ho wmccnenoBano B (CoGone u ap., 2005) ¢ momoripio BeiiBier-
pasiiokeHui, KoHelr 3anucei Ha cranuusax Obn, Yak, Pet, Yss, Mag coaepxwur o6iue
UMITYJIbCBl CYIIECTBEHHO HU3KOYACTOTHOTO Xapakrepa, ¢ mepuomamu 10-60 muHyT,
KOTOPBIC HE SIBIISIOTCS PE3yJIbTATOM BCTYIUICHUH OT OJIM3KUX WU YAaICHHBIX COOBITHH.

Otmerum, uro 03.12.1997 nawamach MomrHas cepusi (OPIIOKOBON aKTUBU3AINH

nepen Kpononkum semierpsicennem. Kak ykazano B pabore (CoboseB u ap., 2005),
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nepen KpoHomkuMm 3emileTpsiceHHeM  He ObUIO 3aperHCTPUPOBAHO aHOMAJBHBIX
METEOPOJIOTHYECKHUX I (PEKTOB.

Koppensmus 3amuceil HU3KOYACTOTHBIX MHKPOCEICM Ha CTAaHLUAX, yAaJCHHBIX
JpyT OT JpyTra Ha THICSYU KWJIOMETPOB, a 10 J0JITOTe Ha ECIATKH IPagyCcoB, TOBOPUT 00
O0IIeM HMCTOYHHUKE PErHOHANIBHOTO Xapakrepa. C yd4eToM HauOOJbIIeH KOPPEISIHH
JUISL CTAHLMM, PACIMOJOKEHHBIX B CEBEPO-BOCTOYHOW 4YacTh JlanbHEro BOCTOKa U
Cubupu, OH MPEANnoNIOKUTETIHHO pacrmoyaraics B 3TOM paiione. Bompoc 00 ero
MPHUPOJIE OCTAETCS OTKPBITBIM. TakuMm 00pa3oM, B pe3ylibTaTe aHaau3a 3BOJIIOIUU
CHEKTPaIbHOM MEphl KOTE€PEHTHOCTH BapHalluii 3HAYCHU O0OOOIIEHHOTO IMOKa3aTes
XepcTa, peanu3ylomero MakCUMyM MYJIbTH(GPAKTAIbHBIX CHEKTPOB CHHTYISPHOCTH
MoJiA  MHKPOCEHCMHUYECKHX  KoleOaHwid, BbIAeNeH dJ(PPEeKT  CHUHXPOHHU3ALUU
MUKpPOCEMCMHUYECKUX IIIyMOB Ha ceBepe EBpasum 3a 3-7 CyTOK JO MOIIHOTO

Kponorikoro 3emmnerpsicenus Ha Kamuarke 05.12.1997.

3.5. BoigesieHne o01MX CHTHAJIOB B CeTH Ha0/101eHnii Ha Geperax

Kacnuiickoro Mmops.

B »ToM maparpade paccmarpuBarOTCS BpPEMEHHBIC PSAIbl Bapuaid  ypOBHS
Kacnmiickoro Mopsi 10 CHHXPOHHBIM H3MeEpeHUsiM Ha 15 OGeperoBbIX CTaHIUAX 3a
nepuo 1 HabmroneHuii ¢ Havyana 1977 roxa mo xoner; 1991 roga ¢ mHTEpBasioM ompoca 6
yacoB. CTaBHUTCA 33/1a4a BBIIEIUTH B 3TOM 15-MepHOM BpEMEHHOM Psily KOJIEKTUBHBIE
(oOmme) KOMIOHEHTHI, KaK CTallMOHAPHOTO, TaK M HECTAlMOHAPHOIO XapakTepa.
[lenpro mccnenoBaHus SBISAETCA aHAIU3 AMHAMUKKA Kacnmuickoro Mopsi Kak CJIO0KHOHU
HEJIMHEWHON CHUCTEeMBl IMyTeM CTaTUCTUYECKOTO aHalu3a W3MEHEHUs BO BpEMEHU
pa3IMYHBIX MAacIITa0HO-3aBUCHMBIX MEp KOTE€PEHTHOTO TOBEACHUS pe3yIbTaTOB
HaOJIOIGHUIT B pa3iMyHBIX TOYKAaX aKBaTOpuU. B 1aHHOM cllyyae HCIOIB3YIOTCS
BpPEMEHHBIE PSIJIbI HAOTIOICHUN 32 ypOBHEM MOps TI0 15 GeperoBbIM CTaHIIUSM.

Jlis aHanu3a AAaHHBIX MPUMEHSUIUCh OLIGHKM KAHOHUYECKUX KOTE€PEHTHOCTEH B
CKOJIb3SIIIEM BPEMEHHOM OKHE, a Tak)Ke aHalu3 arperupoBaHHBIX CUTHAJIOB.
Pesynbprarel aHanm3a 3aKIIOYAOTCS B OOHApy»XEHHHM OOMUX TapMOHHYECKUX
COCTABIIAIONINX, OOpPa3yIOMIMX TOJXYCYTOYHBIE W CYTOUYHBIE TPYIIIBI TMPHIMBHBIX
TapMOHHMK, CE30HHbIE Bapuallid, YacTOTHYIO TIOJIOCY BapHaluid C CHIJIBHOMN
KOT€pEHTHOCThI0 B JAuamnaizoHe mnepuoioB oT 4 no 8 cyrtok. Kpome Toro, ynamoch
BBIJICJINTh HHU3KOYACTOTHYIO OOIIyI0 TapMOHHKY ¢ mnepuojgom 12.85 ner, kotopas

IIPEANOJIOKHATEIBHO CBsI3aHa C BIMSHMEM Ha Bapuauuu ypoBHs Kacnmiickoro mops
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[UKJIMYECKUX M3MEHEHUU Tria00ampHOr0 xapakrtepa. l[lomumo 3THX pe3yiabTaToB, B
pe3yibTaTe OIEHKH POOACTHON BEMBIIETHONW MEPhl KOTEPEHTHOCTH B CKOJIB3SIIEM OKHE,
oOHapy»keH o0mmumii ce30HHBINA 3((EKT ¢ TeHACHIIUEH K MOHMKEHUIO KOTEPEHTHOCTH K
KOHI[y WHTEpBaJia HAOJMIOACHHWI W BCIUIECK KOT€PEHTHOTO TMOBEACHUS JIUTEIHHOCTH
OKOJIO T0J1a JJIsI BapUallfi, UMEIomuX MacmTad oT 12 1o 24 yacoB, KOTOPBII COBITAAeT
10 BPEMEHH ¢ cepuert adreprnokoB cuibHOTO 3emierpsicenust 06 mapra 1986 roma B
neHTpanabHou yactu Kacnus.

[ToguepkHeM OTIWYME MOAXOJOB, HCHOJb3YEMbIX HIXKE, OT JAPYIMX METO/OB
aHaJu3a MHOTOMEPHBIX HaONIOJCHUHM, IMIUPOKO MPAKTUKYEMBIX B METEOPOJIOTHH,
THIPOJIOTUUM U aTMocepHOM  ¢u3MKe, HampuMmep, MeToJa SMIUPHUUYECKUX
oproroHaibHbiX QyHkuuit (MDO®) (barpos u ap., 1985). [Tox MDO®D nonumaercs
OIICHKa COOCTBEHHBIX BEKTOPOB KOBApPUAIMOHHON MATPHUIIBI MHOTOMEPHOTO BEKTOpa
HaAOJTIOJICHUH B HECKOJIBKUX MyHKTAaX IMyTEM YCPEIHEHHUS 10 BPEMCHHBIM peai3allisam
pa3IMyYHON UIMTEIBHOCTH M MOCIEAYIoIlee MOCTPOEHUE IPOCTPAHCTBEHHBIX KapT
MyTeM MHTEPIONAIUH (TEM WK HHBIM METOJOM T'€OCTATUCTUKU) 3HAUYCHUH KOMITOHEHT
COOCTBEHHBIX BEKTOPOB (YMOPSAAOYCHHBIX 110 YOBIBAHHIO COOCTBEHHBIX YHCEI),
MPUBSA3AHHBIX K KOOpPAMHATAM TIYHKTOB HW3MEPEHHH, B Y3Ibl PEryJSIpHON
MPOCTPAHCTBEHHOM CETKM TOoYeK. HacTodmmii moaxoll akUEeHTUPYEeT BHHMAaHUE Ha
3aBUCUMOCTH 3(()EKTOB CHHXPOHHOTO TOBEIACHHSI HCCIEAYyEeMbIX CHUTHAJOB OT
NEepHOIOB (B CIEKTPAIbHOM TOAXOJE) WM OT BPEMEHHBIX MACIITa0OB BPEMECHHBIX
Bapuaiuii (B BeiBieT-aHaNn3e), Torma kak MDO® npeaHasHayeH IUIsl BBIICICHHUS
dbopm pacripenenenus TeoU3UIECKUX TOJIeH M0 MPOCTPAHCTBY U aHAIN3y U3MEHEHHS
TUX TPOCTPAHCTBEHHBIX (GopM BO BpemMeHH. To ecTb, B HalIeM MOAXOJe
paccmarpuBatoTcss 3G(GEKThl CHHXPOHU3ALWUK TMPOIECCOB B 3aBUCUMOCTH OT UX
BPEMEHHBIX NIEPUOOB, UTO BBIXOAUT 3a paMKu MOO®D. 3agaun, NOCTaBIEHHbBIE B 3TOM
naparpade, NPUHIUIHAIBHO OTJIMYAIOTCS OT TEX, KOTOphIe 00bIYHO pematotcs MOOD.
B nameM mnoaxone MpoCTpaHCTBEHHbIE KOOPAWHATHI IYHKTOB HM3MEPEHHUS SIBHO HE
Y4acTBYIOT, HO MPHUHUMAIOTCS BO BHHMaHHE KOCBEHHO, WyTeM OObEeIUHEHUS
AHATM3UPYEMBIX TMPOIECCOB B TPYIIIHI MO MPUHIUIY Teorpaduyeckoil OIM30CTH UX
MyHKTOB W3MepeHusa. VimMeHHo Tak uW JenmaeTcs Janee, Korjga OTACIbHO
paccMaTpuBalOTCA BCS COBOKYMHOCTh HAONIOACHUN, HAOMIOACHHUS B CEBEpHOM 4YacTu
Kacnuiickoro Mops u B IICHTPaJIbHOM €€ YacTH.

JpyruM BO3MOXHBIM TOJXOJIOM K aHAIM3Y JAaHHBIX MHOTOMEPHBIX HAaOIIOICHHIA

SABJIACTCA NPUMCHCHUC KIACCUYCCKHUX MCTOAOB I'NIABHBIX U KAHOHHMYCCKHUX KOMIIOHCHT
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win (pakropHoro anamuza (m.2.1). @aktruecku MDOD sABAsSCTCS METOAOM TJIaBHBIX
KoMIoHeHT. Ecnu wuccnenoBaTh He MNPOCTPAHCTBEHHOE pachpefielieHue 3HaueHUi
KOMIIOHEHT COOCTBEHHBIX BEKTOPOB KOBApUAIMOHHON MAaTpHIbl, a BBIYUCIATH
MIPOEKIIMY BEKTOPa HAOIOICHUN HAa COOCTBEHHBIEC BEKTOPA B KAXK/IbIi MOMEHT BPEMEHH,
TO TIOJYYUTCSI COBOKYINHOCTH BpPEMEHHBIX pSIOB — TJaBHBIX KOMIIOHEHT,
YHOOPSAOYEHHBIX MO BEMWYMHE COOCTBEHHBIX uncel. OCHOBHBIM HEIOCTATKOM TaKOI'O
MPsIMOTO TPUMEHEHUS! KJIACCUYECKOTO0 MHOTOMEPHOI0 aHalu3a K BPEMEHHBIM psaam
ABJIIETCS OTCYTCTBUE IPEIBAPUTEILHOTO PA3JI0KEHHS UCCIEIYEMBIX CUTHAJIOB 10 UX
CHEKTpaJibHOMY cocTaBy. OCHOBHOM 1I€JIbIO HAIIMX UCCIIEJOBAHUN ABIISETCS NOJTyUYEHUE
KOJIMYECTBEHHOW Mepbl KOTepEHTHOrO0 TIOBEIEHUS B 3aBUCHUMOCTH OT MepHoja
BapHallMii, MpUYeM 5Ta Mepa J[OJDKHA OILICHHWBAaThCA HE MO Bced BBIOOpKE, a B
CKOJIB3AIIIEM BPEMEHHOM OKHE, 4TOObI MMeNach BO3MOXHOCTh OLIEHKH M3MEHYHBOCTH
CUHXPOHHOCTH TIOBEJIEHUS BO BpeMeHM. B kauecTBe Takoil Mmepbl Oepetcs
NPOM3BEICHUE MOIYJICH KAaHOHMUYCCKUX Koppessuii (2.3.2) KaKI0ro u3 UCCIEAyEMbIX
CUTHAJIOB C MHOTOMEPHBIM PSIOM HAOMIOACHHUN BCEX OCTANbHBIX CUTHANOB. B ciyuae
UCTIOJIb30BaHUSI OPTOTOHAJBHBIX BEWBJIETOB B KauecTBE Oa3MCHBIX (QYyHKUUH Mepa
KOT€PEHTHOTO TIOBEJCHHS CTAHOBUTCS 3aBUCUMOW OT T.H. MAacHTabOB BPEMEHHBIX
BapHalMii, KOTOphlE MOXXHO TpyOO accolMUpoBaTh C IOCIEIOBATEIHLHOCTHIO
IUana3oHOB  NEPUOAOB, O0pa3yloIIMX  PaBHOMEpPHYIO  CETKy  3HAu4eHUH B
JorapuMUUECKON IIKae.

B kauectBe auHamMuyeckux Konebanuii ypoBHs Kacmmiickoro Mopst 0OBIYHO
paccMaTpuBalOTCA BETPOBBIE HAaroHbl U CrOHBI, CEHIIEBbIE W NMPUIMBHBIE KOJEOaHUS.
Ananu3 ceiiieBbIX Konebanuii, BeImoHeHHbIH B padote (I'epman, 1970) Ha ocHOBaHUU
CHEKTPAJIbHOTO aHalu3a psAAOB HAOMIOACHWHA pa3IUYHON TPOAOKUTEIHHOCTH,
TIO3BOJIMJI BBIJICJIUThH TIEPUO/IBI OTHOY310BO# (8.66 u.) u n1Byx y3moBoi (4.39 u.) ceifmu.
B Cpennem n HOxxnom Kacnuu BeIensroTcst ceimm ¢ nepuoaoM 2 u 6 cyTok. AHammu3
NMPWIMBHBIX  KOJICOAHWM, BBIMOJHEHHBIM PSJAOM  aBTOPOB IyTeM 0OpalbOTKH
MapeorpadHbIX 3amMcedd, mMokazaia, uro Ha Kacmum mnpeobramaer MOMyCYTOYHBIH
OPWIUB C MepuoaoM, OMu3kuM K 12.4 yaca, W HE3HAUYUTEIHHBIA IO BEIHYWHE.
Henepuonudeckne CroHHO-HaroHHbIE KOJICOAHUS OINPENENAIOTCS, B  OCHOBHOM,

XapakTEePUCTUKAMH BeTpa U (popmoit mpodusis 1Ha TpUOPEKHOM YACTH MOPS.
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Puc.3.15. (a) — nenbie ynciia COOTBETCTBYIOT HOMEpaM M MECTOIOIOKEHUAM 15 myHKTOB
HaOmroieHus 3a ypoBHeM Kacnuiickoro Mopsi, KpECTUKH — SMUIICHTPBI 3eMIIETPACEHHN C
marautynoit M > 5.0 u riry6unoit sunentpa <100 kM 3a uHTepBai Bpemern 1977-1991
IT., KPY>KKH — SMHUIEHTPHI 3eMIICTPSCEHUI C MarHUTYA0# > 6.0, ITpuXxoBo# TUHHEH
BBIJICJICHA NIPSIMOYTOJIbHASL 00JIaCTh MOBBINICHHOH celicMuanocTH; (0) —
MOCIIEZI0BATENLHOCTD 3EMIIETPSICCHUH ¢ MarHuTyoi > 3.0 B BeIAETICHHON 00acTn
MTOBBIIIEHHON CEHCMUYHOCTH.

[lepeuncrnennble BbILIE pa3IUYHble KOJeOaHUS YpPOBHS MOpS B MPUKIAJAHBIX

3a/la4yax, KaK IpaBUJIO, YYHUTBIBAKOTCA Pa3AaCiIbHO, YTO O6YCJIOBI/IJ'IO IIPUMCHCHUC

PA3INIHBIX MOI[GJIGI\/‘I B PAa3HbBIX YaCTOTHBIX [OUaIla3oOHax. Tem He MCHECC, 3aaayda
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MOCTPOEHHUs O0LIel cToXxacTuueckol Mojenu kojedanuil ypoBHs Kacnuiickoro mops
OCTaeTcsi OTKPBITOM, B CBSA3M C YEM MPEACTaBIEHbl pPe3yJbTaTbl MHOTOMEPHOTO
CIEKTPAbHOTO aHalli3a JaHHBIX YPOBHEMEPHBIX HAONIOJEHUN 3a MEepHoJ] Moabema
YPOBHS MOpA.

Ha pwuc.3.15(a) cxemarudyecku TMpeACTaBICHO paciojioxkeHne 15 OeperoBbix
CTaHLIMM, pe3yibTaTbl HAONIONEHUN KOTOPHIX OBUIM HUCHOJIB30BaHBl JI PELICHUS
nmoctaBieHHOW 3amaun. Homepa craHuuii naHbl B KoJaX, MpuYeM, Ui YMNPOIIEHUS,
oTOpoIieHa cTanaapTHas koMOuHanusa «970» mudp Havasa KOIOB, HATPUMEP, CTAHIIHS
¢ HOMepoM «48» peanbHO umeeT koa 97048 u T.1. Kpome Toro, Ha 3TOM XK€ pPHCYHKE
MIPOCTABJICHBI MOJIOKEHHUS SMULEHTPOB 3eMIIETPSICEHUI ¢ MarHuWTyJlaMu CBbIIIE 5 U 6,
npousomenmux B Kacnumiickom Mope W ero mnpuOpeXHBIX pailoHax 3a MepHoi
HAOII0IEHUH, U IPSIMOYTOJIBHIKOM BBIZICNICH PaliOH C MOBBIIEHHONW CEHCMUYHOCTHIO Ha
JTHE MOps (ucnonp3oBaCs TJI00aJIbHBIN KaTajaor NEIC,

http://wwwneic.cr.usgs.gov/neis/).

Puc. 3.15(6) mpezacraBiseT MOCIEA0BATEILHOCTh CEUCMHUYCCKUX COOBITHH B 3TOM
paiione. VcxomHble BpeMEHHBIE PSIbl TPEACTABISIOT COOOM MOCIEI0BATEILHOCTH
CUHXPOHHBIX M3MEpPEHUH C IIarom 1o BpemeHu 6 wacoB, HaumHaromuecs 01 sHBaps
1977 rona B 09:00 u 3akamumBaroniuecss B koHe 1991 roma. OOmas UIMTEIBHOCTD
KaXJI0TO aHanu3upyemoro psiga pasHa 21908 orcuetoB. OOmiee 4nciIo CTaHIMN pPaBHO
35, HO NI aHanM3a ObUIO OTOOpaHO Bcero 15, Tak Kak TONBKO OHH HE COJCPKAIH
MPOIMYCKOB B HAOMIOACHHSIX, MPEBOCXOISAIINX MO JUTUTETHHOCTH 2-X CYTOK M, KpoMe
TOTO, OOIIee YMCIO TaKWX IMPOIYCKOB B KAXIOM U3 psnoB He mpesbimano 10.
[IponymieHHble JaHHBIC TIEepe]] aHAIM30M OBLIM BOCIIOJHEHBI 110 TIOBEACHHUIO Ha
y4acTKax HaOJNIOJACHUN, PAaBHBIX MO UTUTETFHOCTH AJMHE MPOIyCcKa ceBa U ClpaBa OT
WHTEpBaJla TPOMyCKa C COXpPaHEHHWEM OOIIEer0 JIOKAThHOTO JMHEHWHOTO TpPEH[A.
OcruisSIuy OTKJIIOHSHHUH OT JIMHEWHOTO TPEH/Ia BHYTPU WHTEpBaJIa MPOITyCKa Opajuich
PaBHBIMH TTOJIOBHHE CYMMBI TAaKHMX € OTKJIOHCHUH CJIeBa U CIipaBa OT mpomycka. [lepen

aHaJIM30M MIPOU3BOINIACE OTOPAKOBKA BBIOPOCOB B IpapuueckoM peJaKTope.
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Puc.3.16. I'paduiku HCXOMHBIX BPEMEHHBIX psiioB (MHTEpBa ompoca 6 yacoB, HOMepa
MYHKTOB HaOJIIOJICHUI TIPOCTABJICHBI PSIOM) U UX Dypbe-arperupoBaHHOTO CUTHAIA.
IToBepx rpaduka arperupoOBaHHOTO CUTHAJIA HAHECCHA KPUBas IIUKIMYECKOTO TPEH A C
MHUHAMAJILHON JIHUCIIEPCHE 0CTaTKa, MEPHUOJT KOTOPOTro oKasaics paBusiM 4691 cyrtok (12.85

roja).

Bepxuue 15 kpuBbix Ha puc.3.16 mpencraBisiOT coOOW TpaduKH HCXOIHBIX
JIAHHBIX, TOCTPOCHHBIX B OJIMHAKOBOM MaciuTade (IIKajia 1Mo OCH OpJMHAT MPHUBEICHA),
METKHU CIIpaBa CBS3BIBAIOT KAKIAYIO KPUBYIO C IyHKTOM HabOmoneHuit. [Ipexnae Bcero,
OpocaroTcs B Ila3a HaJIW4YKMe OOIIMX Ce30HHBIX (IO0BBIX) BapHalliii yPOBHEH 1 00IIIero
JUHEWHOTO TPEH/a, OTPaXKAIOIIEero MOBbINIeHHE YpoBHs Kacmumiickoro mops. Kpome

TOTO, CJelyeT OTMETUTh HaJIM4Ke OOJIBILIOro IIyMa B AaHHBIX Ha myHKTax 30 u 48, uro
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00yCJIOBJICHO X PACTIOJIOKEHUEM B CEBEPHOM, MEIKOBOAHOM yacTu Kacnuiickoro mopst
U, KaK CJIeJICTBHE ITOT0, CUJIbHBIM BIUSHHEM BETPOBBIX HATOHOB Ha HAOJIIOICHMUS.
[Mocnennsss BHM3y KpuBas Ha puc.3.16 mpencraBnsier coboil rpaduk Dypbe-
arperupoBaHHOrO curHana. [loMHMO CE30HHBIX BapHalMid BHIHA HHU3KOYACTOTHAS
cocTaBisomas 0oibIIoi amrumuTyAbl. OHa ObUTa anmpoOKCHMHUpPOBaHA IUKIMYECKHM
TPEHJOM C HEU3BECTHBIM IIEPUOJIOM, KOTOPBIM OIpenensics U3 YCIOBUS MUHMMyMa
aucrepcun octatka. TakuMm oOpa3oM, Obula IMoJlyuyeHa BeJMYMHA Iepuoja TPEeH.a,

paBHas 4691 cyTok, uro npubnau3uTensHO coctasnseT 12.85 rona.
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CepefUHa CKOMb3ALLero BpeMeHHOro okHa

Puc.3.17. TIpousBeneHne MOKOMIIOHEHTHBIX KAHOHMYECKUX KOT€PEHTHOCTEH 15-MepHOro
BPEMEHHOTO psijia CHHXPOHHBIX W3MepeHuid Bapuauuii ypoBHs Kacnuiickoro Mops Ha
pasIn4HBIX OeperoBbIX cTaHUUAX. OLEHKa B CKOJIB3SIIEM BpEMEHHOM OKHE, BeKTopHas AR-
Mozenb 5-ro nopsiaka. Puc.3.17(a) — 11t BpeMeHHBIX PSIIOB ¢ HHTEPBAJIOM ompoca 6 4acos,
nmiHa BpeMeHHoro okHa 730 otcyeros (0.5 rona), cmemenune okna 112 orcueros (28 cyTok,
T.e. IyHHbIH Mecsn). Puc.3.17(b) — i BpeMeHHBIX psIoB TOCIe MPUBEICHUS K HHTEPBAITY
ompoca 1 cyTkH, mauHa BpeMeHHoro okHa 730 oTcueToB (2 roja), cMelIeHre BPEMEHHOTO
OKHa paBHO 28 0TCYETOB (TaKXKE JTyHHBIH MECHIL).

Kak mokazano B pabore (JlioOymmu wu ap., 2004(b)), croekrp MouHOCTH

arperupoBaHHOTO  curHana  (KOTOpBI  MOMYEPKMBAET  OOIIUE  CHEKTpPAJIbHBIC
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COCTAaBJISIFOLIME M TIO/IABJISICT WHINBHUYaJbHbIC) COJACPIKUT CYTOUYHBIC U MOJIYCYyTOYHBIC
TpyIIBl MUKOB ¢ niepuoaamu 21.74; 22.48; 23.94; 24.00; 24.07; 24.13 u 25.74 gacoB u
12.00; 12.03; 12.42; 12.66 yacoB, KOTOpbIE CBSA3aHbBI C JIyHHO-COTHEYHBIMU MPUINBAMU
U TIOJIOTHM, HO CTaTUCTMYECKH 3HAUYMMBIA MaKCHUMyM B 0OJIaCTH HepuoaoB oT 4 1o 8
CYTOK.

Ha puc.3.17 oTpaxkeHbl pe3yJbTaThl HCCICIOBAHUSA  HECTAllMOHAPHOCTH
KOJUTEKTUBHBIX 3 ekToB Bapuaiuii yposreii. Ha puc.3.17(a) mpeacrasieHa 4acTOTHO-
BpPEMEHHAsl JUarpaMMa 3BOJIIOIMH CIIEKTPAJIbHOW Mepbl KorepeHTHoctu (2.3.2) mpu
OLICHKE B CKOJB3slIeM BpeMeHHOM okHe 730 6-4acoBbIX OTCUeTOB (MOJTOAA).
CwmemnieHne coceJHUX OKOH Opanoch paBHbIM 112 oTcyeram, 4yTo cocTaBiseT 28 CYTOK.
[Tocnennee 3HaueHUE OBLIO BHIOPAHO M3 COOOpPAKEHUI PaBEHCTBA CMEIICHUS TYHHOMY
MECSIIY, YTO MO3BOJISET KaXKA0€ BPEMEHHOE OKHO TIOMEIATh B MPUOIU3UTENHLHO OJTHU U
TE JK€ YCJIOBHMS WM3MEHEHHUS TPABUTAMOHHOTO ToTeHIwana. Ha nuarpamme 3.17(a)
BUJIHBI PETYJSPHBIC BCIUIECKM MEpPbl KOTEPEHTHOT'O IOBEACHUS, MPUXOISIIUECS Ha
CepeIMHY 3UMBI M BECHY MOUTH KaXKJIOTO TO/Ia B YaCTOTHOM IMOJIOCE C MIEPHOAAMHU OT 2-X
10 4-x cytok. OTMETHM, YTO Ha CHEKTpPEe arperMpoBaHHOTO CHTHAJIA 3Ta MOJI0Ca HUKAK
HE TIpOSBMIACH — WMEHHO BCJCICTBHE pE3KO HecraruoHapHoro dddexra
KOJUICKTHBHOTO  TOBeleHHs. YTO ke KacaeTcsl OKPEeCTHOCTH CYTOYHOTO H
MOJYyCyTOYHOTO TIEPHOJIOB, TO TaM BHUJIHBI BCIUISCKHM HECTAIIMOHAPHON MeEpHI
KOJUICKTUBHOTO  TOBEJICHHs,  HE3HAYUTEIBHOCTh  KOTOPBIX  BBITEKACT U3
MOHOXPOMATHYHOCTH (CHJIBHOM Y3KOIIOJIOCHOCTH) OOIIUX CHTHAJIOB TPUIUBHOTO
TPOMCXOXKICHUS M OJIM30CTH UX CyOrapMOHUK, KOTOPBIE TPYAHO Pa3pemInuTh 10 4acTOTe
U3-32 OTHOCUTEIFHO MAJIOH JUTMHBI CKOJIB3SIIETO BPEMEHHOTO OKHA.

Ha pwuc.3.17(b) npencraBiena aHaaoruvHas guarpamMMa SBOJIONUHU CIIEKTPaTbHON
Mepbl KOTEPEHTHOTO moBesieHus (2.3.2), HO OlIEHEHHAs JIJISi BPEMEHHBIX PSIJIOB MOCTIC
YCTpaHEHUS IMHEHHBIX TPEHIOB M MPUBEICHUS JJIMHBI MHTEpBala TUCKpEeTU3aun K 1
cytkam. [lo-mpexxHeMy miiMHa BpPEMEHHOro OKHa Opayach paBHo 730 otcueram,
KOTOpasi TeTIePh y)Ke cocTaBisieT 2 rojaa. YTo jke KacaeTcsi CMEIICHUs, TO OHO Opayioch
NPEXHUM B aOCOJIIOTHOM BBIp@XXEHUH — 28 CyTOK, uTo paBHO 28 oTcuetam. Hamnbomee
NpUMEYaTeNIbHBIM ~ Pe3yJbTaTOM Ha JTOM JMarpaMMe MBI CUYUTaeM CHIIBHYIO
KOTE€PEHTHOCTh M CTAI[HOHAPHOCTH AP PEeKTa KOTEPEHTHOCTH BapHaIlMil B TIOJIOCE YACTOT
¢ nepuogamu oT 4 10 8 cyTok. DTOT (aKT HAXOTUTCS B COTIacUU ¢ POPMOH CreKTpa
arperupoOBaHHOTO CHTHAJIa B 3TOM JIMana3oHe NepuoioB. UTo ke KacaeTcs BO3MOKHOTO

(U3HYECKOTO MEXaHN3Ma BOSHHKHOBCHHSI TAKOW CHIIBHOW KOTEPEHTHOCTH, TO HauboJee
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BEPOATHOM TPUYUHOW  CIEAyeT CYHMTAaTh OOpa3oBaHWE BETPOBBIX  CCHIIEH,
OXBaTBIBAIOIINX Cpa3y Bech Oacceitn Kacnuiickoro Mopsi.

OtmeruM paznuuue quarpamm 3.17(a) u 3.17(b) B 00ImIMX YaCTOTHBIX MOJIOCaX, B
YaCTHOCTH, SIPKO BBIPQXCHHYIO Ce30HHOCTh Ha 3.17(a), KOoTOpas OTCYTCTBYeT Ha
3.17(b). s 0OBsCHEHUs] STOr0 HATIOMHHM, YTO JUIMHA BPEMEHHOTO OKHA B IEPBOM
cinydae paBHa 0.5 roga, a Bo BropoM — 2 roja. CrenoBaTenbHO, MPU 2-TOAOBOM OKHE
ce30HHBI 3(dekT ycpemaHseTcs W BBAACT B OOIMIEH YaCTOTHOW IOJIOCE JIWIIb

PaBHOMEpPHOE 110 BPEMEHHU YBEIMYEHHE MEPbI KONEPEHTHOCTU [0 CPEIHUX 3HAYCHUU

0.10-0.12.
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Puc.3.18. DBomroris pobacTHOH BEHBIETHOW MEphl KOTEPSHTHOTO ITOBEACHUS TIPH
UCTIOJIh30BAHUY BEHBJICTOB Xaapa JjIs BpEeMEHHBIX PSAI0B B IPUpPAICHUSIX HAOMIOACHUN 32
ypoBHeM Kacmuiickoro Mops, JUTHHA CKOJIB3SIIero BpeMeHHOTo okHa — 360 6-4acoBbix

otcuetos, To ecTh 90 cyTok, mapamerp L. =16. Bapuanr (a) — Bce 15 psioB HaOIrOACHUH,

BapuanT (0) — HabmoaeHus mis 9 myHKTOB ¢ HOMepamu 7, 12, 17, 21, 65, 66, 73, 74 u 80 B
nentpe Kacnuiickoro mops, Bapuanrt (B) — uist 6 myHkToB ¢ Homepamu 27, 30, 49, 59, 60 u
61 Ha ceBepe Kacnus. IlepBbie 4 ypoBHS IeTalbHOCTH, HOMEPY YPOBHSI COOTBETCTBYET
dpa nmocae OyKBeHHOTO 0003HaUeHHs BapraHTa. [IepBOMy YpOBHIO IETaIbHOCTH
COOTBETCTBYIOT MacIuTadwl oT 12 110 24 yacoB, 2-My ypoBHIO — MacIuTadbl OT 24 1o 48
4acoB, 3-My — MacTadbl OT 2 110 4 cyToK, 4-My — oT 4 10 8 cyTok. ITo ocsim abeuce
OTJIO’KECHBI 3HAYCHUS BPEMEHHU — IIPABOT0 KOHIIA CKOJIB3SIIEr0 BPEMEHHOT'O OKHA B CyTKaX OT
Hauyasa 1977 rona.
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CJ'IGI[yIOHII/IM mraromMm ABJISIETCSA aHAJIN3 TEX KE AAaHHBIX, HO C ITIOMOIIIBIO p06aCTHOI71
BeiiBnetHoir Mepbl  (2.4.20). IlapameTpsl MeToga s OIEHKH OBUIM BBIOPAHBI

crepyromumu: N =360, L, =16, orkyna cnemyer, uro f, . =4. BelOpanHas miuHa

max
CKOJIB3SIIET0 BPEMEHHOTO OKHA NpU MHTepBasie ornpoca 6 yacoB paBHa 90 cyTkam, TO
€CTh TPHUMEPHO paBHA JUIMHE KIMMAaTHYECKOro ce3oHa — 3 Mmecsma. Takoi BBIOOD
MapaMeTpoB CIIOCOOCH YIIOBUTh H3MEHEHHSI MEPBI KOT€PEHTHOCTH, 00YCIIOBJIICHHBIE KaK
YCTaHOBMBIIUMHUCS 3UMHHUM U JIETHUM peXuMaMu (HarmpuMep, CHIbHBIMH BETPaMH BO
BpeMsI OCCHHE-3MMHHX IITOPMOB, OXBATHIBAIOIIMMHU BCIO aKBaTOPUIO MOps), TaK H
MEPEXOHBIMA OCCHHUMHU U BECCHHUMU PEKUMaMU BBITMAJICHHUS OCAJIKOB U UCTIAPEHHUSI C
MOBEPXHOCTH MOps. Kpome TOro, €CTECTBEHHO OXHUIAaTh TOSBICHUS CE30HHBIX
WU3MEHEHUH MepPbl KOTEPEHTHOCTH C TOJOBBIM TIEPHUOJIOM.

Jlis  BBIOpaHHBIX 3HAYEHWH MapaMeTpoB OBUIM PAcCMOTPEHBI TPH BapHaHTa
COBMECTHO aHAJM3MPYEMbIX BPEMEHHBIX PsIOB. BapuaHT (a) — COBOKYIHOCTh BCEX
naHubIX, (=15; Bapuanr (0) — nanusie ¢ 9 cranmmii 7, 12, 17, 21, 65, 66, 73, 74 u 80 u3
nenrpa Kacoust, =9; Bapuant (B) — psinbl ¢ 6 crannumii 27, 30, 49, 59, 60 u 61 Ha
ceBepe Kacmmiickoro mops, (=6.

Pe3ynbraTel moONMy4YeHHBIX OLEHOK mpuBeAeHbl Ha puc.3.18. Ilpexne Bcero,
oOpaiaer Ha ceOs BHUMaHHE HAJMYUE CE30HHBIX BCIUIECKOB MEpBl KOTEPEHTHOCTH Ha
2-4 ypoBHSX AeTambHOCTH. OTMETHM, YTO MHUKOBBIC 3HAYCHUS YaIlle BCErO MPUXOSTCS
Ha KOHEI[ T0JIa; Ha OKTAOph-IeKabph Mecsibl (C y4eTOM TOro, 4TO BpEeMEHHas MeTKa
OTHOCHTCS K TPABOMY KOHILYy CKOJIB3sIero okHa minHoi 90 cyTok). DTH yBelIn4eHHs
KOTEPEHTHOTO TIOBEICHHS MOTYT OBITh OOBSCHEHBI BBICOKOW HWHTEHCHBHOCTHIO
IITOPMOB B 3TO BPEMs T0/ia, KOTOPbIE BO3JICHCTBYIOT Ha OOJIBINYIO YacTh aKBATOPHUH.
OpHako aMIUIMTyZa CE30HHBIX  BCIUIECKOB ~ MEpbhl  KOTEPEHTHOCTH  BechMa
HeCTallMOHapHa. B 4YacTHOCTH, MMEeT MeCTO pe3Koe HM3MEHEHHE PHTMa CE30HHBIX
BCIJIECKOB MEpbI KOTEPEHTHOCTH Ha BTOPOM YPOBHE JieTalbHOCTH Ha puc.3.18(a2): oHu
MIOYTH TTOJIHOCTBIO McYe3Nu nocie nporrectsust npuMepno 3600-3700 cyTok aist MeTKH
MPaBOTO KOHIIA BPEMEHHOTO OKHa OT Havana 1977 roma, 9To COOTBETCTBYET aBryCTY
1986 r. — deBpamro 1987 r.

Takum oOpazom, koHer| 1986 r. — Hagano 1987 r. sBrsercss ”HTEPBAJIOM BPEMEHH,
KOIJIa TPOM30IUIa CMEHA pPEeXHMMa IMyJbCAIMi Mep KOTepPEHTHOCTH Ui BPEMCHHBIX
MmacmtaboB ot 24 no 48 uacos. Ilockonsky BapuanT (a) Ha puc.3.18 oTHOCHTCS K
COBMECTHOMY aHajW3y BCEX JaHHBIX, TO Takas CMEHa CBHUJCTEIBCTBYET 00

YMEHBIICHUH CBSI3M MEJIKOMAacCIITaOHBIX BpPEMEHHBIX Bapualii ypOBHS MOpS B
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pa3IMYHBIX TOYKAaX aKBaTOPUH B TOCJIETHEH TpETH MHTEpBaia HabmoaeHus. OTMeTnM,
yro Ha puc.3.18(a3) u 3.18(ad) MCUC3HOBEHUIO CE30HHBIX PUTMOB HAa BTOPOM YPOBHE
JICTAIbHOCTH TIPEIIECTBYIOT 3HAYNTEIbHbBIC BCIUIECKH KOTEPEHTHOCTH Ha 3-eM U 4-0M
YPOBHSIX Ui BpDEMEHHBIX OKOH, IMOKPBIBAIOIINX KOHEI] OKTA0ps 1985 1. — koHer| stHBaps
1986 r.

Kpome Toro, TpynHO OOBSCHHMBIM SIBISICTCS PE3KHI BCIUIECK KOT€PEHTHOCTH Ha
caMOM MellKkoMaciiTabHOM, TEPBOM YpPOBHE JAETaJbHOCTH Ui Bapuanta 3.18(a),
koTopbIit yutes moutu 1.5 rona (puc.3.18(al)). Bemneck coorBercTByeT MeTkam 3510-
4000 mHe# u1st MPaBoOTro KOHIA CKOJIB3SIIETO OKHA, YTO BBIIEISIET MHTEPBAJ BPEMEHH OT
cepenunbl Mas 1986 1. mo cepenuny nexadpst 1987 r. To, 4To 3TOT BCIIECK HE MMEET
CE30HHOH COCTaBIIAIOUICH U TO, YTO OH BO3HHUKAET Ha CAMOM BBICOKOYACTOTHOM YPOBHE
JeTaJbHOCTH, TO3BOJIIET BBICKA3aTh MPEAINONIOKEHHE, YTO €r0 MPOUCXOXKICHHE MOKET
OBITH CBS3aHO C CEHCMHUYECKUMHU siBIIeHMsIMHA Ha nHe Kacmmiickoro mops. Ha puc.3.15
npejacTaBieHa HWHPOpPMAIMs O CEHCMHYECKOM IIpolecce B TEUYEHHE WHTepBaja
HaOmonenuii B Kacrimiickom Mope u ee OKpecTHOCTH. MBI BUANM, YTO LEHTPAIBHYIO
yacte Kacrusg 3aHumaer o0acTh MOBBIIICHHON CEHCMHMYHOCTH, BBIJIEJICHHAs Ha pUC.
3.15(a) mnpsmoyrompHukoM. CormacHo (domenko wu ap., 2004) sra o6nactsb
OTBETCTBEHHA 3a BO3HMKHOBEHHE BOJH IyHamu B Kacmmiickom mope. Ha puc.3.15(06)
MBI BHIHMM, 4TO B 0OJiacTH moBbieHHoOM ceficMuuynoctr 06.03.1986 (3352 cyrok oT
Havanma 1977 T.) mpoM30ILIO CHJIBHOE 3eMIIETPSCEHHE ¢ MarHuTyaou 6.6, kotopoe
CONPOBOXKIAJIOCh  JUIMTENIBHOM — cepueil  adTepiiokoB  (MMOBTOPHBIX — TOJYKOB).
[Tpumeuarensro, uro 16.09.1989 u 17.09.1989 B sTOi OOMAcTH TaKke MPOM3OILIH
CUJIbHBIC 3E€MJICTPSCEHUS C MarHuTyaamu 6.6 m 6.1, HO OHM HE CONMPOBOKIAIHCH
JUTATEbHBIMU  cepusiMu  adTepimokamu  (puc.3.15(6)). Hamie mnpennonoxxeHue o
NpUpoOJIe BCIUIECKa KorepeHTHocTH Ha puc.3.18(al) 3akirouaercss B TOM, 4TO OH
00yCTIOBIICH MBM)KEHUSIMH 36MHOH KOpBl Ha qHe Kacrust B TeueHHe cepur MOBTOPHBIX
TOTUKOB mocie 3emierpsicenus 06.03.1986.

YToOBI MOATBEPANUTH TO MPEANOIOKEHHE, TIOJHBIH HA0Op BPEMEHHBIX PSIOB ObLI
pa3dut Ha 2 uwactu — BapuaHt (0) cooTBeTcTBYeT 9 psigaM HaONMIOACHHI B ILEHTPE
Kacnust, a BapuanT (B) — 6 psiqam HaOMIOACHUN M3 CEBEPHOM YacTH. Pe3ybTaThl OICHKH

cratuctuku  K(7, ) IO STHX BapHaHTOB TakKe IMpeaCTaBieHbl Ha puc.3.18. U3

cpaBHenus: puc.3.18(al), 3.18(61) u 3.18(Bl) MBI BHAMM, YTO HPUpPOJAA BCILIECKA

3HaueHud K (7, ) MEHCTBUTENBHO JIOKAIM30BaHa B IIEHTpaIbHOM yacT Kacrus — aist 6

PAOO0B U3 CCBepHOﬁ YaCTH 3TOT BCIUICCK NPAKTUYCCKHU OTCYTCTBYCT. 910 O3Ha4dacT, 4To
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KOJUJICKTHBHAs COCTaBJISIOIIAs BapHaluid ypOBHS MOps, OOYCJIOBJCHHAS MPUYHHOM,
rerepupyomieit Bermeck Ha puc.3.18(al) u 3.18(61) caummkom mana st Bapuanta (B) U
OHa HE CIOCOOHA MPOOUTHCS CKBO3b CHIIBHBIC JIOKAJIBHBIC IIYMbl B pE3yJIbTaTe
MHOT'OMEpPHOM 00pabOTKH.

CeBepHasi, 3HAYUTEIBHO 00JICe MEIKOBOIHAs, 4YacTh Kacmus, 1o Bcell BUIUMOCTH,
XapaKTepu3yeTcsi CBOUMH, 00Jiee MHTCHCUBHBIMHU, OOIIMMH CHTHAJIAMH, CBS3aHHBIMHU C
W3MEHCHHEM pPEeKHUMa CTOKa BOZIBI BOJTH, HalWYuMeM JIEIOBOTO IMOKpOBA 3UMOW H
0COOCHHOCTIMH MOP(HOJIOTUU M JIMHAMUKHA MOPCKOTO y4acTKa AeabThl Boaru. DTu
NPUYMHBI KOJUIGKTUBHBIX CHTHAJIOB MPHCYTCTBYIOT B LEHTpalbHOM yactu Kacmus, HO
TaM OHH, B CBOIO OdYepe/Ib, OcCla0ieHbl ()OHOM MECTHBIX OOIIUX CHUTHAJIOB. DTHUM

OOBSICHAETCS pa3InyKsi B TMOBEJACHUN BEIMYMHBI K(7, ) Ha ypOBHAX AeTanbHOCTH 1-3

s BapuanToB (0) u (B) Ha puc.3.18. Uro kacaercs 4-ro, HauboJiee HU3KOYACTOTHOTO
YPOBHSI JETaTbHOCTH, TO HA HEM CTAaTHCTHUKAa KOTEPEHTHOTO MOBEICHHS BeAET ceOs
3HAYUTEIBHO OOJee OJHOPOTHO JUIS BCEX BApHMAHTOB, HECMOTpS Ha NPUCYTCTBHUE
WHJIMBHYaTbHBIX OCOOEHHOCTEH. DTO BIIOJHE €CTECTBEHHO, TaK KaK HHU3KOYAaCTOTHHIE
Bapualuu JOJIKHBI XapaKTepU30BaTHCS 00JIBIIIM HPOCTPAaHCTBEHHBIM
«JTAJILHOJIEUCTBUEM.

WutepecHoit  ocobennocteio  puc.3.18(Bl) sBmseTcs TO, YTO OH TMOAOOCH
puc.3.18(a2) — u TyT U Tam MbI HaOJOJaeM OTHY M Ty K€ TOYKY CMEHBI PEKHMa
MyJbCalluii MEpbl KOT€PEHTHOCTH, NpUXOAsIrytocs Ha koHen 1986 r. Dtomy dakty
MOXET OBITh JaHa CIeAyromas HHTepHpeTanus. HaONIOJeHHAas TOYKa pa3jiaiKu

HOBEJICHUS] CTATUCTHKH K (7, /) MMEeT MPUYUHY, JOKATH30BAHHYIO B CEBEPHOU YacTh

Kacnust (BO3MOKHO M3MEHCHHME CTOKa Bosrwm) — mosromy juis BapuaHTa (B) MBI €€
HaOmoaeM Kak Ha 1-oM, Tak ¥ Ha 2-OM YPOBHSX J€TalbHOCTH. [Ipu aHamm3e Bceit
COBOKYITHOCTH BPEMEHHBIX PsIOB (BapuaHT (a)) MPOSBICHHS ITOW MPUYUHBI UCUE3AIOT
Ha 1-oM ypOBHE [ETalbHOCTH, TOCKOJBbKY OH XapaKTepH3yeT BBICOKOYACTOTHBIC
Bapualii, HWMCIONIMX HAUMEHBIIUH MPOCTPAHCTBEHHBIH PAaTMyC KOPPEISIIUU.
[Momydaercss Tak, YTO ABHXKCHHUS 3€MHOM KODBI, MPEIMOJOKHTEILHO TCHEPUPYIOIIUE
BCIUIECK KorepeHTHOcTH Ha puc.2(al) m 2(61), ans mepBOro ypoBHS JETaabHOCTH
UMEIOT OOJIBLIMK pajnyC MPOCTPAHCTBEHHON KOPPEISIMHU, HEKEITH U3MCHEHHS CTOKA
Bosru (Taxke mpeanosgokuTeIbHO), OTBETCTBCHHBIC 32 CMEHY MOBEICHUS CTaTHCTHKH

K(z, ) B koune 1986 .

Takum oOpa3oM, B pe3yjibTaTe NPUMEHEHUS METOAa MHOTOMEPHOTO BEHBIIET-

aHanmm3a K 00paboTKe BpeMEHHBIX PsIOB HaOroeHui 3a ypoBHeM Kacmmiickoro mopst
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B 1977-1991 rr. BbIACNICHBI 2 aHOMAJIWW IIOBEACHHUS CTATUCTUKHA KOTCPEHTHOTO
nosefeHusd. Ilepas aHoManMsl 3aKiIroyaeTcs BO BCIUIECKE KOT€PEHTHOIO IOBEIEHHUS,
MOKPBIBAIOIIETO MHTepBan BpemMeHH Maii 1986 r. — mekaOpp 1987 r. mis BpeMeHHBIX
macmtaboB Bapuanmidi 12-24 wyaca. Ilpuumba, mnopokiaromas 3Ty aHOMAJHIO,
JOKaJM30BaHA B LEHTpaNbHOW dYacTw Kacrusi ©, TpPEANoNoKXUTENBHO, CBs3aHAa C
JBYDKEHUSIMHM 3€MHOH KOpBI Ha JTHE MOpPsl B TE€YEHHUE JUIMTENbHON CepUM MOBTOPHBIX
tomukoB mocne 3emuerpsicenus 06.03.1986. Bropas aHomanus 3akiioyaeTrcs B
U3MEHEHUU PEXHMMa CE30HHBIX BCIJIECKOB MEphl KOT'€PEHTHOTO MOBEICHHUS B KOHIIE
1986 r. m mpuumMHA, TOpOXKIArOIIas 3Ty AaHOMAJIHIO, JIOKAIW30BaHA B CEBEPHOU
MenkoBoaHOM 4yacth Kacnwus. IlpennonoxuTenbHO OHA CBsi3aHA C HM3MEHEHUEM
THJPOJIOTHYECKOTO PEXHUMa MEJIKOBOJHOM CEBEpHOW 4acTH MOpsS M MOPCKOW YacTH
nenbThl Bonru npu pe3koM noabeMe ypoBHs Boibl B Kacmmw.

Eme omgHOWM NpUYMHOMN, NMPUBOJAIIEH K CPEIHEMY YMEHBIICHHIO KOTE€PEHTHOCTH
HaOmofeHU K KoHiy wuHTepBaia 1977-1991 rr. MOXKeT CIy»XUTh pErHOHAIbHBIC
U3MEHEeHUs aTMOC(hEpHOI LMPKYJISALUH, BCIEICTBUE YEro CHIIbHbIE BETPOBBIE MOTOKH,
(bopmupyIOIIHe Ce30HHBIE BCIJIECKH KOT'€PEHTHOCTH Bapualliii ypOBHs, OXBATHIBAIOT HE
BCIO akBaTOpHi0 Kacnuiickoro mMops, a JUIIb €€ 4acTH. B CBSI3U C 3TH OTMETUM, YTO Ha
YaCTOTHO-BPEMEHHBIX JauarpamMmax Ha puc.3.16 Kk KOHIy HHTepBaja HaOIIOJICHUIN
KOT€PEHTHOCTh TaKXe IaJaéT BO BCEX YACTOTHBIX II0J0CaX, I/I€ €€ 3HaueHHe

CYILIIECTBEHHO IIPEBOCXOIUT (POH.

3.6. Ko/lsieKTUBHbIE KOMIIOHEHTBHI CTOKA PEeK M UX KJIUMATHYEeCKOoe

NPOUCXOKICHHE.

OpHolt W3 BaKHEWIIMX 3a7ad TUIPOJIOTHH SIBISETCS OOBSACHEHHWE MEXaHU3Ma
JOJTOTIEPUOAHBIX KONEOaHUIl peyHoro CTOKa, MOAO0Op MOAXOSIIEro  Kiacca
MaTEMATHYCCKUX MOI[CJICI\/JI u Bepmbm(aum{ KOHerTHOﬁ MOJCJIN C HCIIOJIb30BAaHHUEM
MMEIOIIEHCsI, KaK MPaBUJIO OTPAaHUYCHHON, HH(OPMAIIUHU TI0 CTOKY pek. HTepec kK aTuM
npobiieMaM — ompefensercs KaKk HMX OUYEBUJHOM  MPAKTUYECKOW  Ba)KHOCTBHIO
(MHOTOYHMCIICHHBIC aCTIEKThI 3aJla4M YIPABJICHUS BOIHBIMH PECypcamMH) TaKk U SIBHOU
CBSI3bI0 C TJIOOAIBHBIMU KIIMMATUYECKHMU TpolieccaMu B atMocdepe U ruapochepe B
LEJIOM.

TpaauIIMOHHO COOTBETCTBYIOIIME BPEMEHHbBIE PSAIbl  SBISIOTCS  OOBEKTOM
MPUMCHCHUSA PA3JIMYHBIX CTATUCTHYCCKUX MCTOHNOB aHAJIM3a JaHHBIX. (HpI/IBaJIBCKI/Iﬁ u

ap., 1992, Kashyap, Rao, 1976). 3aech cieayeT OTMETHTh, 4YTO IOMBITKH

188



JETEPMUHUCTHYECKOTO OTMCAaHUSI MHOTOJICTHHX KOJICOAHWH CTOKA MOKa HE MPUBEIH K
KaKUM-TMOO YCIEUIHbIM pe3yJbTaTaM, XOTS, KOHEYHO, Ha TOHSATUIHHOM YypOBHE
OUEBHUJHA CBS3b CTOKAa C TIOOATbHBIMU KIMMATHUYECKUMHU H3MEHEHHUSIMH CaMbIX
pa3u4yHbIX MaciiTaboB (OT TEOJOTHYECKUX [0 MOrojaHBIX). [lo-BUaMMOMY, MOETH
B3aUMOJICHCTBHS TPHPOJHBIX TPOIECCOB B CHCTEME OKeaH-aTMocdepa-cylia IoKa
MPAKTUYECKH MPHUEMIIEMO ONMUCHIBAETCS JIMIIL HAa YPOBHE CTOXACTUYECKUX MOAenei
B3aMMOJCHCTBHSI OTACTBHBIX KOMIIOHEHT.

Hwmxe paccmaTpuBaroTCs BpeMEHHBIC PSIBI CPEIHEMECSYHBIX PACXOJOB BOJBI B
psaae pex EBpomnbl u EBponetickoit yactu OsiBiiero CCCP. Llenbio aHanuza siBisieTcst
uccienoBanre 3((EeKTOB KOJUIEKTMBHOIO MOBEACHUS BapHalUil CpeaHEMECSYHOTrO
PEYHOTO CTOKA, BO3HUKAIOIIUX OJHOBPEMEHHO BO BCEX aHAIM3UPYEMBIX BPEMEHHBIX
psanax. DPPeKTbl KOJUIEKTUBHOTO B3aMMOJCHCTBHS 3JEMEHTOB B OOJBIINX CHCTEMAax
MPUBJICKIN 3a TIOCIETHEee BpeMs OOJbIIOe BHUMAHHE B CBSI3U C M3YYCHHEM CBOICTB
HEJIMHEWHBIX JUHAMHUYECKUX CHUCTEM M JeTepPMUHUPOBAHHOTO Xxaoca. Cucremy pek
OXBAaThIBAIOUIYI0 OOMNBIIME IUIOMIAM, BMECTe C aTMOC(EpHON UUPKYIALUeH,
BO3JICHCTBYIOIIEH Ha pEXHM pPEYHBIX CTOKOB, TAKXKE MOXKHO pPacCMaTpHBaTh Kak
OOJIbIIYI0, paCTpe/lelCHHYI0, HEIWHEHHYI0 IWHAMHYecKylo cucremy. llosTomy
HCCJIETOBaHHE BO3MOXHBIX 3((HEKTOB B3aUMOACHCTBUS B 3TOH CHCTEME IPEICTaBIsSET
u3BecTHbI uHTEpec (JItoOymmua u ap., 2003). DddexTsl KOMICKTHBHOTO MOBEICHHS
(KOTEepEeHTHOCTH) BBIICISUIACH JABYMsI CITOCOOAMM: OIIEHKOW SBOJIONUU TMOCTOSHHON
Xepcra s pa3IHUHBIX PEK W MYTEM OIECHKH M3MEHEHHUs CIeKTpalibHOU Mephl (2.3.2)
KOJUIEKTUBHOCTHY BapHallnii B 3aJaHHOM YaCTOTHOM ITOJIOCE.

OneHkr BCeX XapaKTEePUCTUK BBIYHMCISUINCH B CKOJIB3SIIEM BPEMEHHOM OKHE
mHo# 12-30 net. BeiOop Takux AMUH BPEMEHHOTO OKHA JAMKTYETCS METOIUYECKUMU
COOOpaKEHUSIMU, TIOCKOJIBKY OHHM COCTAaBJISIIOT OT OJHOW YETBEPTOM 10 OJHOH TpeTu
JUTMH WMEIOIINXCS BPEMEHHBIX PSAZOB (COOTBETCTBYET MHHHMYMY, IO3BOJISOIIEMY
NPOCJICUTh M3MEHUYUBOCTh CTATHCTHYECKMX CBOWCTB) M, KPOME TOTO, IOCTATOYHO
BEJIMKA, YTOOBI YCPEIHUTH BIMSHUE U3BECTHBIX KIMMATHYECKUX (PAKTOPOB, HAMIPUMED,
11-12-neTHeli TEPUOAMYHOCTH COJTHEYHOW aKTUBHOCTH. KOHEYHO, C TOYKH 3peHUs
CTaTUCTHYECKOW YCTOHYMBOCTH IOJyYEHHBIX PE3yJbTaToOB, JIMHBI OkoH 12-30 ner
ABIIAIOTCS BecbMa KpuTuueckumu. Ho, K coxkaleHuio, UMEIOIHecs JJIMHBI
MHCTPYMEHTAIBHBIX 3alUCel pacxolia BOJABI B pEKax HE MO3BOJSIOT YBEIUYUTH ITY

JUTIHY .
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HecHa HepHuroe

bbbl i

Cox [ oMene

Ll
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1880 1920 1960 1880 1520 1960

Puc.3.19. I'paduku BpeMEHHBIX PSIOB CPETHEMECSIHBIX CTOKOB HEKOTOPBIX PEK
mrenbHocThio 100-150 e, MacmiTad mo ocsiM BpeMeHH OIMHAKOB. B03MOXKHO 1 ux
UCIIOJIb30BAHUE JUTS BBIIEICHUS JONTONEPUOIHBIX (C IEPHOAAMU MOPSIKA HECKOIbKHX
JIECSATKOB JIET) KITMMATHIECKUX CUTHAIOB?

CHeI[yeT TAaK)KC IMOAYCPKHYTH, YTO, XOTd IJIHWHBI aHAJIM3UPYCMbIX BPCMCHHBIX
psioB cpaBHUTENbHO HeBenuku (okoso 100 ser) mo cpaBHenuto ¢ nepuogamu (40-50
aet) Tex 3PQEKTOB, KOTOPhIE KEIATEIBHO BBIICIUTH, UCIIOJIb30BaHHAsS METOIHMKA, IO
CBOEH CYTH, OCHOBAaHA Ha OLIEHKE KOJJIEKTHBHBIX MOIYJIMPYIOLIUX CBOWCTB PSJOB HA
OCHOBHOM «HecCyImem» mepruojge 1 roa. Bapuaiuu Ha TOJHYHOM IIEPHOJE SBIISIOTCS
CTATUCTUYECKH 3HAYMMBIMH TPH HCIIOJB30BAHHOM JUIMHAX OKOH. 1103TOMY OIICHKH

HU3MCHYHNBOCTH B(I)Q)CKTOB KOTCpPCHTHOI'O IMOBECACHHUA B OKPCECTHOCTHU IICPpUOJA 1 rona
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SBIISIIOTCSL  CTATHCTHYECKM OOOCHOBAaHHBIMH HMMEIOUIMMHUCS JJIMHAMH BBIOOPOK, B
OTJINYWE, HAITPUMED, OT MPSIMOM OIIEHKH CIIEKTPOB MOITHOCTH Ha nepruoaax 40-50 mer.

Ha puc.3.19 npencrasnens! rpaduku BpEMEHHBIX PSAOB CPEAHEMECSYHBIX CTOKOB
Ha Ttepputopun ObiBmiero CCCP, B EBpomeiickoit wactu Poccum, benmopyccum wu
VYkpanne. IJrtor Ha0Op [MaHHBIX BKJIIOYAaeT B ce0s pEKH, HaxosdImuecs B
Pa3TUYAIOIIUXCS KIMMATUYECKUX YCIOBUSAX (30HBI KaK TOXIEBOIO TaK M CHETOBOT'O
NUTAHKs), a MYHKTHl H3MEPEHHWH XapaKkTepPU3YIOTCS CPaBHUTEIBHO  XOpOIIEH
NPECTaBUTEIILHOCTRIO HH(pOpMaIMU 00 e¢ BOJHOM pekume (OoJiblnasi IIUTEIbHOCTD
BPEMEHH HMHCTPYMEHTAIBHBIX 3aliCceld M OTCYTCTBHE KPYIHBIX THIPOTEXHUYECKUX
coopykenuit). Bce paccmarpuBaeMble peKM HaxXOIATCS B 00JacTH JIEHCTBHS
ATJIAaHTUYECKUX IMKIOHOB U, B OTOM CMBICIIe, HAXOAATCA B OJHOHN Tri00anbHOMN
KIIUMaTHYeCKOoi 30He. MOMEHT Havalia HaOJI0IEHUH IS pa3IUYHBIX BPEMEHHBIX PSIOB
CYLIECTBEHHO pasiuyaerca. B Tex cimydasx, KoOrja METOJ aHaium3a TpeboBa
COBMECTHOM 00pabOTKM BCeX psfoB (CeKTpaibHas Mepa KOTepPeHTHOCTH), TO
HavyalbHBI MOMEHT BBIOMpascs oO0muM U paBHbIM ceHTsIO0pio 1901 roxa.

BriOop mMyHKTOB HaOMIOJEHMH 3a PacXoJ0M pPEK OCYWIECTBISUICA C YYETOM
CIIE/TFOIUX YCIIOBHIA: YHCIIO MPOIYCKOB MUHUMAIILHO (MakCUMasIbHas JJUTEILHOCTD —
He OoJtee 2-X JIeT), pacXo/1 BOJBI B peKaxX HE ONMpeaessieTcsi paboTOM MHIPOTEX HUUECKUX
coopyxeHuit (T.e. MakCHMaJbHO He3aperyaupoBaH). HeOombiine WHTEPBABI
MIPOIMYCKOB BOCTIONHSUIUCH, UCXOMAS U3 MOBEACHUS BPEMEHHBIX PSIOB MO 00€ CTOPOHBI
MPOMYIIEHHOTO WHTEpBAJIa TAaKOW K€ UIMHBI. B KaXKIbI MECAIl C MPOIYIICHHBIM
JAHHBIM Opayioch CpeJHee 3HAYEHHE PACXOAO0B BOJIBI 10 TOMY JK€ MECSIy cleBa U
CIpaBa OT KOHIIOB MHTepBaja. Takoe MpOoCTOe BOCIOIHEHHUE MPOMYIIEHHBIX JaHHBIX B
9TOM CJIy4ae COXPaHs;IO CIEKTPAIbHYIO CTPYKTYypy BpeMeHHoro psaa. [lockombky
JUIMHA WHTEPBAJOB TPOIMYNICHHBIX JaHHBIX Oblla HeBenuka (He Oonee 24
CPEIHEMECSYHBIX 3HAYCHHIT), a aHAJIU3 MPOBOJMICS B CKOJIB3SIIEM BPEMEHHOM OKHE
mmnon 30 et (360 3HaueHwmil), BAMSHHE MPOMYCKOB Ha KOHEYHBINH pPE3yJbTaT OBLIO
He3HaunTenpHO.  [locnemHee  yTBep)KIEHHE  MPOBEPSUIOCH  MyTEM  BHECEHHS
MCKYCCTBEHHBIX MPOIYCKOB 33JaHHOH JJIMHBI, UX BOCIIOJIHEHHEM I10 BBIIICOMHCAHHOMY
NpaBUIy W CPAaBHEHHEM pe3yJbTaTOB 0OpaOOTKH MCXOTHBIX AAHHBIX U MCKYCCTBEHHO
HCKaXCHHBIX.

Hcnonb3yeMblif  MeTOA  BOCIIONHEHHUS MPOMYCKOB, BO3MOXHO, Jaliek OT
ONTUMAJIFHOTO, HO €ro KayecTBO OKa3aJioCh BIIOJIHE YJOBIETBOPUTEIbHBIM. Kpome

TOro, oTOOp MYyHKTOB HAONIOJECHHS MO KPUTEPUI0 MHUHHUMAJIBHOIO 4YHCJAa MPOITyCKOB
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SBIIICTCS  peIIAONIMM  (aKTOpOM, CHWXKAIOIMX WX BiousHUe. [pyrue, Oomee
W30LIPEHHBIE  METOJbl  BOCIOJHEHHsS MPOMYCKOB, HAalpuUMEp  HCIOJIb3YIOUIUE
uHGOPMAIUIO O pacxojie BOAbl B OJIM3KUX PeKaxX, CXOTHBIX MO BOJHOMY PEXHUMY, TIe
MPOIMYCKU PETHCTPAIIMH OTCYTCTBOBAJM, 3a4aCTyI0 HEBO3MOXXHO OBLIO MPUMEHSTH 10
MPUYHMHE, YTO Yalle BCEr0 OTCYTCTBHE PETHCTpAIlMK HAOJ0/1aJI0Ch OJHOBPEMEHHO IO
OOIIMPHBIM PETHOHAM, U CBSI3aHO OBUIO C BEJACHHEM BOEHHBIX JEHCTBHUI mepuoaa

Benukoit OteuectBeHHOM U ['pask1aHCKOW BOWH.
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Puc.3.20. T'paduku u3MeHEHHI OIEHOK MTOCTOSTHHBIX XepCTa B CKOJIB3SIIEM BPEMEHHOM
okHe muHO# 30 JeT 11 BpEMEHHBIX PSIIOB PEYHBIX CTOKOB Ha puc.3.19.
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Ha puc.3.20 mpexncraBieHsl rpadkd M3MEHEHHI OIEGHOK ITOCTOSIHHBIX XepcTa
(cormacuo ¢popmynam (1.8.10)-(1.8.12)) B ckonb3siiieM BpeMeHHOM oKHe irHo# 30 et
JUTsl BpEMEHHBIX PANOB, MpeacTaBieHHbIX Ha puc.3.19. B neBoil komonke rpaduxon
oOpamaer Ha ce0s BHMMaHHE HalIW4YWe OOIIEro SJIEMEHTa Ha BCEX KPHUBBIX, 3a
uckimoueHrneM CeBepHOI JIBHUHBI: yBeIMUEHUs MOCTOSHHOW XepcTa sl CKOJB3SIILUX
okoH ¢ neHTpamu B 1920-1940 rr. 3ta 0cOOEHHOCTh UMEET BUIAUMBIN MEPHOJI OKOJIO
40-50 nmeT W MPHUCYTCTBYET BO BCEX BPEMEHHBIX pANaX C Pa3IMYHOM CTETEHBIO
BBIPOXEHHOCTH, HECMOTPS Ha pa3inyue B TeorpaduyeckoM TONOKeHUU. Takum
00pa3oM, HAJUIO0 CBHJETEIBCTBO O HAIWYHH HEKOTOPOH OOIIeH KOMIIOHEHTHI BO
BPEMEHHBIX psAZIaX PEUHBIX CTOKOB.

Puc.3.20 Taxxe coaepKUT OLIEHKH IBOJIOLMHU MOCTOSHHOM XepceTa [Uisl peK BTOPOi
Tpynnbl, B TPaBOi KOJNOHKE TpaduKOB, M KOTOPBIX TakKKe BBIICTSETCS
KBa3HMIIEPUOJUIHOCTE» ¢ BUAUMBIM TniepuoaoM 40-50 ser, oHAKO, B OTIMYHE OT PEK
NEepBOM IPyMIIbI, 3Ta KBA3UIIEPUOANYHOCTh HE BO BCEX psilax CUHXpOHHA. TeM He MeHee
U JJIS HUX KPUBBIE HBOIIOLIUU MTOCTOSIHHOM XepcTa cofepKaT OYEBUAHbBIE OOIIHE YEPThI
noBeneHus. [IpuyeM, MakKCHMyM KPHUBBIX MPUXOTUTCS MPUMEPHO HA TOT XKe MEPHUO],
gto 1 i 1-0ii rpymmel — Ha cepenuny 1930-x romoB.

[Ipu cpaBHeHHMHM BapualMii TOCTOSHHBIX XepcTa Mbl OrPAaHUYWIUCH YHUCTO
BU3YyaJbHBIM AQHAIU30M U HE NPUBJIEKAIU KAKUX-TUOO KOJUYECTBEHHBIX KPHUTEPHUEB,
HampUMep, BBIYUCIEHUS KOX(D(GUIMEHTOB KOPPENSIUU, MO CIEAyIoIIed MpHYKHE.
KpuBble wuMeEIOT 4pe3BBIYAWHO HHU3KOYACTOTHBIM XapakTep Ha TeX BPEMEHHBIX
WHTEpBaJlaX, Ha KOTOPHIX OHHM OIIEHEHBI. M3BECTHO, YTO B ATOM Cllydae OIICHKHU
KOA(P(UIUEHTOB KOPPEJSIUKN  SABISAIOTCA CHJIBHO CMEIIEHHBIMU U MOTYT OBITh
MPOU3BOJIBHO WM3MEHEHBI 3a CYET OYEeHb HEOONBIIOro cABUTA Mo ¢asze Ui HU3KUX
gacToT. Il0o3TOMYy 4YHCTO KadyeCTBEHHBIM BU3YalbHbIM AaHAJIU3 B TAaKOW CHUTyalluu
SBIIIETCS OOJiee OOBEKTHBHBIM HHCTPYMEHTOM. Pa3ymeeTrcsi, Mbl BBIHYXICHBI
OTKa3aThCS OT KOJMYECTBEHHOTO COMOCTaBICHHUS KPHUBBIX BapHUalUil MOCTOSHHBIX
XepcTa Uil M0 MPUYMHE KPUTHIECKOTO HEOCTaTKa JaHHBIX.

B pabore (JIroOymmu wu ap., 2003) s BBIICICHHS YaCTOTHO-3aBUCHUMBIX
KOTePEHTHBIX 3(PPEKTOB BO BPEMEHHBIX psaX CTOKA HCIOJIL30Balach CIICKTpabHAs
mepa korepeHtHoctd (2.3.2). OpaHako, BBHAY CHJIBHO HErayccoBa Xapakrepa
UCCIIEyEeMbIX CHTHAJIOB, B YaCTHOCTH, OOJNBIIOr0 uymcia BeiOpocoB (puc.3.19),
MIPEJICTaBISAETCs], UYTO BEUBIET-aHAN3 B JAHHOM ciliydae OyaeT Oojee ymecTHbIM. Jlaxe

OerJIblid B3I HAa TpapuKH BapHalUi PEYHBIX CTOKOB MPHBOAHUT K MBICIH O TOM, YTO
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OTH CHUTHAJIBI Maj0 IOXO0XXM Ha CTallMOHApHBbIE TapMOHMYECKHE KOJICOaHMs, s
KOTOPBIX CHEKTpaJIbHbIE METO/Ibl, OCHOBAHHbIE Ha UCMOJIb30BaHUU DPyphe-pa3okeHuH,

SABJIAOTCS HAWJITYHUIIUM BLI60pOM.

0025 005 S
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Mpaebiil KOHEeL cKonb3ALWero BpemMmeHHoro okHa anuHoi 144 mecaua (12 nert)

Puc.3.21. (al)-(a3) — pobacTHas BeliBjaeTHAs MEpa KOTEPEHTHOTO TIOBEIEHUS HA TIEPBBIX 3-X
YPOBHSIX JETAILHOCTH JIJISI CPEIHEMECIYHBIX CTOKOB 7 pek: ['momma, Jlyapa, dynaii, Onn0a,
Bucna, Oxka, Ces. /Isuna. Cents6ops 1901 r. — nexadbps 1979 r. JInuna oxHa 12 ner, Beiipier

Xaapa, L_. =16, 6e3 nepexona k npupaiuenusm. Ha 3-m ypoBHe geTanbHocTH (TOI0BBIE

min
BapuaIiy) KOTepeHTHOCTh MOy TUpYeTCsl Koebanuem ¢ neproaom 46 net. (61)-(63) — to
e camoe Jutst 5 pek: JyHai, Dnn0a, Bucna, Oxka, Ce. [Isuna. Centsops 1901 r. — nexabpn
1984 r. KorepeHTHOCTh Ha 3-M ypOBHE JETaTbHOCTH MOAYJIHUPYETCs KoeOaHHeM C
nepuogom 51 rog.

Ha pwuc.3.21(al)-(a3) mnpencraBieHbl rpaduKd 3BOMIONUKA  POOACTHON MEpHI
korepeHtHocTH (2.4.20) mnst 7 pek. OueHka NpOW3BOAMIACH B OKHE iuHOW 144
orcuera (12 net). Takoii BEIOOpP 00YCIOBICH MaKCUMAIbHBIM OKPYTJICHHBIM 3HAUCHUCM
U3BECTHOTO MEPHO/Aa COJHEYHOW aKTMBHOCTH. /[iMHA OKHA M BBIOpAaHHOE 3HAUCHHE

nopora mnpejcraButenbHoctd L. =16 ompenenser Homepa YypoBHEH HeTaIbHOCTH,

BO3MOXKHBIX JUIsl aHalu3a — HUX TpU. TpeTull ypOBEHb ACTAIBHOCTU OXBATHIBACT

194



BpeMeHHbIe MacmTaObl oT 8 mo 16 MecsieB M, CleIOBAaTENbHO, BKIIOYAET B CeOs
HepHOJ TONOBBIX Bapuaimii cTok (12 mecsiueB). Kak u cienoBano 0xunarh, YpOBEHb
KOT€PEHTHOCTH Ha 3-M YPOBHE MAaKCHMAJIEH, IPUYEM 3aMeTHA [IMKJINYECKas MOTYJISAIMS
KOT€pPEHTHOCTH, TOpa3no Oojee BbIpaXEHHAas, YeM NpPU CIEKTPaJIbHOM IOAXOJE B
(JIroOy1mn u ap., 2003).

[lepuon nukIMYecKOro TpeHAa ObUI OLEHEH IyTeM IMOATOHKM TpeHIa C
HEM3BECTHBIM IEPUOJOM, KOTOPBIN BbIOMpAJCS U3 YCIOBHS MHHHMYMa JUCHEPCUH
ocTaTKa I10CJie BBIYMTAHUS TPEHIA. DTOT MEPUOJ OKa3alcs PaBHBIM 552 Mecsam wWiu
46 romaMm. YUWTBHIBasS Myl JUIMTEIBHOCTH HAONIONEHHN, 3TO 3HAYCHHE MOXKHO
CUMTaThb  BIIOJHE  COOTBETCTBYIOIIMM  paHEe  HalIEeHHBIM  KIMMaTHYECKUM
nepuoM4HOCTAM. OIHAaKO MOXXKHO PacCMOTPETh BONPOC 00 YCTOWYMBOCTH 3HAUYCHMS
ATOr0 HAHJIEHHOTrO MepHOAa MO OTHOIICHHIO K COCTaBYy COBMECTHO aHAIM3UPYEMBIX
BPEMEHHBIX PSAZOB PEYHBIX CTOKOB. C STOW WENbI0 yAaauM 2 BPEMEHHBIX psijga —
['momMmy (TIOCKONBKY TaM SIBHO TIPHCYTCTBYET aHTPOIOIEHHOE W3MEHEHHE CTOKa B
caMoM KoHIe psina) u Jlyapy (BpeMeHHOW psii Uil KOTOPOW 3aKaHUMBACTCS pPaHbIIIC
BCEX).

Ha puc.3.21(61)-(03) mnpencraBieHbl OLGHKH Mepbl KOTEPEHTHOCTH LIS
ocTaBIIUXCS 5 BpeMeHHBIX psaaoB. Ha prc.3.21(063) MbI BUAMM, YTO KOr€PEHTHOCTH Ha
3-M YpOBHE [EeTaJbHOCTH COXPAaHWIA LUKIMYECKOE TIOBEACHUE M €€ IEepHOJ
yBenmuumics — oH crtan 609 wmecsaneB unum mpumepHo 51 rox. Takum ob6pazowm,
MHOTOMEpPHBI ~ aHaJIW3  TO3BOJISIET  BBIACNUTH  CKPBITBIE  MEPHOAUYHOCTH

KIIMMAaTUYCCKOI'0 NPOUCXOXKACHHUA B BapHaluiaX CTOKa PECK.

3.7. MHoOromMepHblii BeiiBj1eT-aHATN3 CeliCMUYECKOTro mpolecca.

Kak yxe orMeuanock B 1.2.6, HEIOCPEICTBEHHOE NMPUMEHEHHE MEP KOTePEHTHOTO
MOBEJICHUS pPa3pa0OTaHHBIX MJIi BPEMEHHBIX pPSI0B, K MHOTOMEpPHBIM IIOTOKaM
COOBITHH, BCTpe4aeT psJA NPUHOWNHAIBHBIX TPYIHOCTEH, CBSI3aHHBIX C TOM, 4YTO
BPEMEHHBIE ps/ibl, O0Opa3yemble M3 TOYEYHBIX MPOILECCOB, SBISIOTCS CHIBHO
HErayCCOBBIMH, XapaKTEpU3YIOTCs OOJBIIMMH BBIOPOCAMHU MM CKauKOOOpPa3HBIMU
U3MEHEHUsSMH ¥ JUITENbHBIMH ~ WHTEpBaJaMHd  TOCTOSHHBIX  3HAYEHUH,
COOTBETCTBYIOIIMX BPEMEHHBIM HWHTEpBaJlaM OTCYTCTBHSI COOBITHH (3aTHIIBSM).
BeiliBreT-pa3noxeHne Takux CUTHAIIOB, TEM HE MEHEE, MOXET OBITh MHCTPYMEHTOM,

MO3BOJIAOIUM IMPUMCHATH K TOYCYHBIM IMpOHECCaM METOJAA AJId BPECMCHHBIX PAI0OB — B
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CHJIy BPEMEHHOHM JIOKAJIM3al[MM BIUSHUS BBIOPOCOB M CKAa4yKOB H3-32 (DUHUTHOCTH
0a3uCHBIX (PYHKITHH.

Hwxke Oyner paccMoTpeH NpuMep NPHUMEHEHHsT pOOAcTHOM BEHBIETHOH Mephbl
KOTEPEHTHOCTH K aHaJM3y BCIUIECKOB CHHXPOHHOTO TIOBEICHHS CEHCMHYECKOTO
nporecca. Ha puc.3.22 u300pakeHO pacrlpeelieHUe SIUIECHTPOB 3eMIICTPSICCHUN C
Marautygamu M>4.5, rny6mramu < 100 kM 3a mepuon 1963 — 2005 r. B peruone
SAnonun, Kypunsckux octpoBoB n KamuaTtku u pa3Ouenue pernona Ha 7 odmacreit: J1-

J5, KN u KS. Hcnone3oBaincs J100aJIbHBIH KaTaJjior NEIC

(http://wwwneic.cr.usgs.gov/neis/), mis KOTOPOrO WCIHOIb3YEMbIH HWKHHIA MOPOT
MarHuTyj SIBJISIETCS NPEICTABUTEIbHBIM Ha PACCMAaTPUBAEMOM MPOMEXYTKE BPEMEHHU.
Pa3buenne ObuIO MPOU3BEAEHO YUCTO BU3YalIbHO, U3 COOOPAKEHUI OKOHTYPHBAHUS
OOJIBIITUX KJIACTEPOB CEWCMHYHOCTH, MHEMOHHUKA JUIs Ha3BaHWU 00JacTel JOBOJBHO
npo3payna: “J” — Snonus, “K” — Kamuatka n Kypuisl, COOTBETCTBEHHO ceBEpHas U
10’KHAs! TIOJIOBUHBI.

Ha pwuc.3.23 u3o0paxeHsl psabl MpUpaNIeHUi KpuBbiX benbodda (HakormieHHbIX
3HAYEHUH KOpPHEH KBAJpPATHBIX W3 BBIICIMBIINXCS DHEPIUil 3eMIIETPSICEHUI) B
COOTBETCTBYIOIIUX OOJACTSIX C IIaroM IO BPEMEHH 5 CYTOK Tmocie MpOBEACHUS
OTIpEe/ICNIEHHBIX OTepaluii MaCIITAOUPOBaHUS B OKHE aJIalTalluy JJIMHOW 5 neT. BuaHo,
YTO aHAIM3UpPyEMble BpPEMEHHBIE PsAbl HUMEIOT CYLIECTBEHHO HErayccoB U
HECTAllMOHAPHBIN XapakTep, 4TO JenaeT (aKTUYECKH HEBO3MOXKHBIM WX aHaju3 C
nomotipio Oypre-meronoB. Takum o0pa3om, 3aj1lada COCTOUT B TOM, YTOOBI BBIETUTH
UHTEpBAJIbl BPEMEHHM, KOTJa JTH BpPEMEHHBIE psAAbl HMEIOT  KOJUIEKTHBHYIO
cocrapisitonryto. OueBHIHO Takke, 4YTO HaumOosee MOAXOASIIMM BEUBIETOM JUIS
aHaJIM3a TaKMX JAaHHBIX SBJIIETCS BEUBIET Xaapa.

Ha puc.3.24 uzo6paxkeHsl rpaduky U3MEHEHHs] BEMBIIETHOW Mephl KOr€pEeHTHOTO
noeenenus KV (z, ), CONPSKEHHON C BHIYUCICHHEM arperMpOBAHHOTO CHTHANA

(bopmyna (2.5.4)), mis 7-MepHOTro BpEMEHHOTO psijia, H300paskeHHOro Ha puc.3.23. Kak
oTMevanoch B 1m.2.5, mepsl (2.5.4) Gornee mpennoYTHTENbHBI JJIsl aHAJIN3a CUTHAJIOB C

CHJIbHBIMH BBIOPOCAMH, Y€M YHCTO OKOHHBIC CTaTHCTHKH (2.4.20)..
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Puc.3.22. DnuneHTpsl 3eMieTpsiceHuii ¢ Marautyaoi > 4.5, rmyouna < 100 kM, 1963 - 2005
rr. B peruone (SImonust, Kypunel, KamuaTka) u ero pasaencHue Ha 7 4acTei.

Onenka Obula cenaHa B CKOJb3SIIEM BPEMEHHOM OKHE JUITMHOM 5 sieT. [lpu takoit
JTMHE OKHA 3 (HEKThI CHHXPOHHM3AIIMKA MOTYT OBITh HCCIICIOBAHBI HAa TIEPBBIX S YPOBHIX
JETAIbHOCTH, COOTBETCTBEHHO JIsl BapHuanuii, umerommx macmradsr 10-20, 20-40, 40-
80, 80-160 u 160-320 cyrok (puc.3.24(01)-3.24(05)). Ha rpaduxe 3.24(a)
NPEJCTAaBICHO YMCIIO CHJIBHEHIINX 3eMIICTPSACCHUI peruoHa (C MarHUTyaaMu OT 6 u
BBIIIIE) MPU KX OICHKE B CKOJB3siieM OkHe mHOW 10 sner. BumHo, 4T0 KOHEI
UHTEpBalla  HAOMIOACHHWIM  XapaKTepu3yeTcss OYeHb CHUJIBHBIM  yBEIHMUYECHUEM

CEUCMHUYHOCTH
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Puc.3.23. HopmupoBaHHbIe pupalieHus KpuBbix benbodda ms ceiicMuueckux odnacteit
Ha puc.3.21 ¢ paBHOMEPHBIM IIArOM 110 BPEMEHH 5 CYTOK.
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Puc.3.24. Cuenapuii CHHXpOHHU3AIMHU ceiicMUuecKoro pexuma pernona (Snoxuun, Kypusr,
Kamuatka), 1963 — 2005 rr. (a) — yucno 3emneTpsacenuit ¢ Maruutyaoi > 6.0, rmyouna < 100
KM, B [TOCJIEIOBATENBHBIX BPEMEHHBIX okHaxX mmuHoi 10 et. Puc.(61)-(65) — Bermmeckn
poOacTHO# BEBIETHONM MEPHI KOTEPEHTHOCTH BPEMEHHBIX PAIOB MPUPAIEHUI KPUBBIX
benbodda ¢ marom no Bpemern 5 cyTok (puc.3.22) B ckonb3siem okue 5 ner. [TyHkTupHas
JIMHUS — CLEHApUH CHHXPOHM3ALUH MUTPALMHU BCIIJIECKOB MEPHI KOTEPEHTHOCTH OT OOJIBLINX
BPEMEHHBIX MAacIITa00B K MaJIbIM.

Puc.3.24(61)-3.24(065) nar0T MOBOJIBHO CIIOKHYIO KapTHHY ASBOJIOIMH BCILICCKOB
CHHXPOHHOT'O MOBEACHUA. B 4aCTHOCTH, MOYXHO BBIJEIUTH CLICHAPUH, COCTOSIIUN W3
M0CJIeIOBATEIbHON MHIPAIlMK BCIUICCKOB OT KPYIMHOMACIITAOHBIX (HM3KOYaCTOTHBIX)
YPOBHE# IETaTbHOCTH KO BCe Oojiee U Oosiee MeTKOMACIITaOHBIM (BBICOKOYACTOTHBIM).

Ha pwuc.3.24 510T CreHapuii OTMEYEH NyHKTHpHOW swuHUed. OTMeTuM, 4YTO B
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JUTEpaType MO HCCICIOBAHUIO KPUTUYCCKUX SIBJICHUI Takas 3aKOHOMEPHOCTh (pocT
YacTOThI BapHalMii), MPEALIECTBYIONIas KaTacTpO(QUIECKHM HW3MEHEHHUSIM, YK€ JTaBHO
UCCIIE/IOBAACH [UIS aHAITN3a Kak reo()U3HUYEeCKUX, TaKk U (PUHAHCOBBIX JaHHBIX (Sornette
et al., 1996), HO BHE paMOK MHOTOMEpPHOTO aHaJHM3a JAHHBIX, YTO PE3KO CYKHBACT
NPUMEHUMOCTD 00J1aCTh IPUMEHEHHs clieHapusi. OTMETHM, YTO BBIXOJ Ha 2-H ypOBEHb
neranpHOCTH (prc.3.24(02)) kak pa3 MPEANIecTBYeT AKTUBU3AIMH CEHCMHYHOCTH
peruona (puc. 3.24(a)).

Vimeronuiicsi OMBIT BBIIEICHUS HHTEPBAIOB BPEMEHHM M YACTOTHBIX IOJIOC (WK
BPEMEHHBIX MAacIITa0OB) YBEIMYCHUS] KOJUICKTUBHOTO TIOBEICHHS T'€OPH3HMYCCKUX
TOJICH TIOKa3bIBACT, YTO MPOSBIICHHS Pa3HOOOpa3HBIX 3(PPEKTOB WX CHUHXPOHM3AIUU
4acTo TMpeaiiecTByeT CuibHbIM 3emierpsicenusM  (JIroOymmu, 2003). Opnako
CIMHUYHOE COOBITHE YBEIMYEHHS KOJUICKTUBHOCTH IIOBEJCHUS HE JaeT IOJHOM
KapTUHBI B3aUMOJICUCTBHS Te0(pU3NIECKUX TOJEeH B MPOIECCEe MOJATOTOBKH CHIIBHOTO
3eMJIETPSICEHUS. 3HAYUTENBHO Oosee MH(pOpMaTHBHAsI KApTHHA CO3JAETCs B Pe3yJIbTaTe
BBIJICTICHUSI OTPE/CIICHHBIX CIEHAPHEB CHHXPOHHM3ALUH — MOCIEIO0BATEIbHOCTEH
BCIUIECKOB MEPbI KOJUICKTHBHOTO TIOBE/ICHHS, HA0II0aeMON Ha Pa3IMYHbIX BPEMEHHBIX
Macmtabax. B 4acTHOCTH, OJHUM U3 TEPCIEKTHBHBIX CICHAPUEB CHUHXPOHH3ALUH
SIBJISIETCSI MUTPALS BCIUIECKOB MEPHI KOJJIEKTUBHOTO TOBEJCHUSI B BEICOKOYACTOTHYIO
obmacte Mo Mepe mpubamKeHus k kartactpode. OrmernM, uto B padore (JIroOyrmH,
2000(b)) xpusbie benbodda ananmzupoBanuch 0e3 mepexoga K MPHPALICHHSM, YTO
UMEJIO CBOCH IIETIbI0 MMEHHO YMEHBIICHUE BIMSHUS KaTacTPOPHUYECKUX BHIOPOCOB,
BO3HHKAIOIIMX B CJy4ae PAaCCMOTPEHUsI BEIMYMH cOpoca YNpPyrux HamnpsDKCHHH 3a
MaJIblii paBHOMEPHBII POMEKYTOK BpeMeHH (IIar JUCKPETU3aLUH BPEMEHHOTO Psia).
HepoOacTHblii aHanu3 BPEMEHHBIX PAJOB, HUMEIONIMX TaKHe BBIOPOCHI, ATPHUOPHO
NpPEACTABISUICS — MPOOJeMaTHYHBIM  (XOoTs ©  (OPMalIbHO BO3MOXHBIM). [lpu
UCIIOJIb30BAHUM POOACTHBIX CXEM arperamnuy 3TOT JOBOJ] HCYE3aeT, OITOMY BO3MOXKHO
paccMOTpeHHe BPEMEHHBIX PSAIO0B NpHUpalleHui KpuBbIX beHbodda 3a omuH U TOT XKe
NPOMEXYTOK BPEMEHH, YTO SIBISAETCS O€3yCIOBHO Ooiiee MpPEANOYTHTEIBHBIM, YeM
aHAIM3 KyMYJSITUBHBIX KPUBBIX, C TOYKH 3pEHHS W30aBJICHUS OT JOMHHUPYIOIIETO

BIIUSHUA HU3KUX HaCTOT.
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3.8. BolesieHne BCTyNJIEHHH celiCMUYeCKUX BOJIH IPU MOHUTOPHUHIE

TUAPOPa3PbHIBOB.

DTOT, 3aKIIOYUTENbHBIM Taparpad mocneaHel TriaBbl, sBISeTCS Haunboiee
«TEXHUYECKMM», TIOCKOJIBbKY OH TIOCBSILEH M3JI0XKEHUI0 METOJAa OIpEaeIeHUs
BCTYIUICHUM CEHCMHYECKHX BOJH B 33/a4aX MEKCKBAKMHHOM CEHCMOpa3BEIKH B
ycnoBusx Oonpmux mrymoB (JIroOymuH, 2006). OxHako MeTomabl, pa3pabOTaHHBIC IS
ABTOMATUYECKON OTOpaKkOBKU COOMHBIX CEHCMUYECKHX Tpacc, (pakTHUeCKH, SIBISIFOTCS
HUYEM HWHBIM, Kak (opManu3anuedl MOHATHI «3allyMJICHHOTO BPEMEHHOTO psaa» u
MOTYT OBITh HWCIOJB30BaHBI JUIS PEIICHUS JPYrUX 3aJad MOHHUTOPHWHTra. B paBHOM
CTEMEHH 53TO K€ OTHOCUTCA M K BBEJIEHHBIM IOHSATUSM MHOTO-YPOBHEHHBIX MeEp
HECTAIIMOHAPHOCTH.

3amava ompenereHUs MOMEHTOB BCTymsieHMH P u S-BonmH m ux rogorpados
SIBJIICTCS OJHOW M3 CaMBIX PYTHHHBIX M BaXXHBIX B MPAKTHKE aHAIM3a CEHCMHUYECKHX
JAHHBIX ¥ MOHUTOPUHTA CIA0BIX CEHCMHUYECKUX COOBITHH B JUTOC(EpE, B YACTHOCTH,
JUIs 3a7ad JIOKaIW3ali¥ HCTOYHUKOB ceiicMuueckoi smuccuu (Seismic  signals
analysis..., 1982; Hatton et al., 1986; Pisarenko et al., 1987; 'amOypues, 1992; I"amuH,
Kyuraup, 1998; Kymnaup, Xaiikux, 2000). Bonbrioit 00beM CEHCMUYECKHX JaHHBIX,
OCOOGHHO B 3a/Jadyax CEHCMHUYECKOrO0 MOHUTOPHHTa CJIa0bIX  COOBITUH U
ceificMopa3BeIKH, MPH HAJTUYUU BBICOKOTO YPOBHS LIyMa U OOJBIIOrO 4Hcia COOMHBIX
Tpacc, JdeNlaeT BechbMa aKTyalbHOM mpoOjeMy aBTOMATHU3AlMU JCTEKTHPOBAHUS
BCTyIuieHUH. Huke paccMarpuBaercss HOBBIM METOJA Ui PELICHUsS] 3TOW 3ajaud,
OCHOBaHHBI Ha WCIOJIH30BAHUM KOMIIAKTHBIX OPTOTOHAIBHBIX Oa3WCHBIX (YHKIUI
(BeiiBIIETOB) AJISI PA3IOKEHUS] UCXOJHBIX CHUTHAJIIOB M QJalNTHBHOIO aHAJIM3a TIABHBIX
KOMIIOHEHT Il TojAaBlieHus Iryma. [lpeumymiecTBa BeiBieT-aHalu3a Tepen
KJIACCHYECKUM pazioxeHneM Dypbe XOpOoIIo U3BECTHHI U BBHITEKAIOT U3 KOMIAKTHOCTH
O0a3ucHbIX (QyHKIMA. [IpuMeHeHWe BelBieT-aHAMM3a K 00pabOTKE CEUCMUYECKUX
JTAHHBIX TO3BOJISIET CO3/1aBaTh HOBBIE METOJIbI JUIsl UIEHTU(DUKALNN U KIAaCCU(PUKALIUU
curHanoB. OJHUM H3 HEJOCTAaTKOB HCIOIb30BAaHUS OPTOTOHANBHBIX BEUBIETOB
aBisieTcs ciabasi paspelaronias CrocoOHOCTh MO YacToTe, YTO SIBIISETCS 0OOPOTHOM
CTOPOHOH XOpONICH pa3pelarieil CIOoCOOHOCTH 10 BPEMEHH. Y BEIHUYCHUE
YaCTOTHOTO pa3pelleHus BeiBieT-aHaliu3a B METOJE JIOCTUraeTCsl MCHOJIb30BaHUEM
BeliBneT-makeToB. CreayeT 3aMeTuTh, YTO paccMaTPUBAEMBI METOJ MOXET ObITh
peanu3oBaH C HCIOJIB30BaHMEM OOBIUHONW mosocoBoi  Dypbe-GpuapTpanuy, HO

pe3yabTaT MpU STOM OYJET Topa3i0 MEHEe TOUYHBIM M YCTONYHUBBIM.
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MeTton Oyaer W3II0KEH B BUJIC IMOCICIOBATCILHOCTH MYyHKTOB C MapajuIeIbHOM
WUTFOCTPAIMEH KaKI0H omepanuy Ha IpuMepe 00pabOTKH peanbHBIX NaHHBIX. JJaHHbBIE
NPECTaBIISIOT CO00M ceiicMorpaMMbl U3 0a3bl JAaHHBIX M0 HATYPHOMY DKCIICPUMEHTY
Cotton Valley, East Texas, no unentupukanum coobiTuil (ruApopa3pbBOB — PACKPBITHS
TPELIHH 0] BO3JCHCTBUEM THAPABIMYCCKOTO JABJICHHS), HHUITHMPOBAHHBIX 3aKauKON
BOJIBI MO JaBiieHHueM B ra3oBblii kosuiekTop (Maxwell et al., 1998, Zino et al., 1998;
Maxwell et al., 2000). CoObITusI PErHCTPUPOBAIKCH MOCIIE 3aBEPIICHUS] MEPEXOIHBIX
NpPOIIECCOB MOCJEC 3aKkadykh BOJbl cucTteMol 3-koMmoHeHTHbIX (3C) reodoHOB,
MOTPYKEHHBIX B CKBOXKWHY WM PACIOJIOKCHHBIX Ha paccTosHud 50 METpoB Ipyr OT
npyra. Yactora onpoca paBaa 1000 ', obmiee uncio reooHoB — 45, 4nucio 0TCUEeTOB
B kaxmoi ckamsiproit (1C) tpacce paBHo 400. McxoaHble JaHHbBIE MPEACTABICHBI Ha
puc.3.25 otnensHo ans X, Y u Z-xomnoneHT. Kaxnoii 3C 3amucu mpucBOeH HOMED,
yBenuuuBaronuiics or 1 no 45 mo mepe yriayOneHus B CKBaxuHy. JlaHHbIe ObLIM
IpeIOCTaBIICHBI I TeCTUpOBaHus MeToqa gokTopom Jlesumom Jlecnu (David Leslie)
u3 Uccnenosarenbckoro rentpa Illmrombepxke B KembOpumxe (Schlumberger
Cambridge Research).

OTOT mpuUMep NTaHHBIX SIBJISICTCS THUIUYHBIM IS dKCIepuMeHTa. Kak HeTpyaHo
3aMETHUTh, JaHHBIE cojaepaT Oosbinoe uuciao cOoiHbix 1C Tpacc. B To ke Bpewms,
MHoro Takux 3C 3amuceid, B KOTOPbIX HE BCE KOMIIOHEHTHI SIBIISTFOTCS TUIOXUMU. Takum
o0pa3oM, HEOOXOAMMO CO3/IaTh METOJI aBTOMaTU4eckol oTOpakoBku oxux 1C Tpacc.
KauectBenHo 3C 3ammcu MOKHO KJIacCH(HIUPOBATH HA KIIOJHOCTHIO Iioxue» (Bce 3
CKaJIIpHBIC TPACChI SIBIIAIOTCS COOMHBIMH), «4acTHYHO Xopomue» (korma 1 wmm 2
CKaJIIPHBIC TPACCHI MPUTOHBI IS MOCIEAYIOIIET0 aHAIN3a) M KIIOJIHOCTHIO XOPOIIIHE.
B nmanpneiimiem ans 1C Ttpacc OynyT mcnoib3oBaHusi o0o3HaueHust tuma “X-217, “Z-
02”7, “Y-14” ¢ oueBMAHONW MHEMOHUKOW — TepBasi OykBa O3HA4aeT KOMIIOHEHTY, a
nocneaytomas mudpa — Homep 3C Tpaccel Ha puc.l. MeToq He JOMKEH OTKa3bIBaThCS
oT Bcel nadopmanuu, coaepkaieiics B 3C 3amucu B TOM ciiydae, €Ciu OJTHA WU JIaXe
2 CKaJIsIpHBIC KOMITOHEHTHI SIBIISIIOTCS TUIOXMMHU — JitoOas koHmuironHas 1C Tpacca
IoJKHAa OBITh HWcTHoNb30BaHa. B cmywae, ecnmu 3C Tpacca SBISIETCS «IIOJHOCTHEO
xopomei» i coaepxkutr 2 xopomue 1C Tpaccel, BO3MOXKHO NMPUMEHEHHE METOJIa
TJIAaBHBIX KOMITOHEHT JIJIs TOTIOJTHUTENLHOTO ToaBieHus mryma. s 3C celicMuueckux
3aMuceil METO TJIABHBIX KOMIIOHEHT €CTh HUUYTO MHOE, KaK MOJSPU3AIMOHHBIA aHAJIHN3

(Kanasewich, 1981)
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Meroa npencraisieT coO0H CIeAYIONIYIO MOCIEI0BATEIbHOCTh OMEPALIA:

. BeiiBner-maketHoe pasznoxenue Bcex 1C tpacc.

. Onienka Bapualuii MHOTO-yYpOBHEHHOM Mephl HecTallmoHapHocTu anst Beex 1C Tpace.

. Kontpoib kauectBa 1C Tpacc ¢ uCnoib30BaHHEM MHOTO-YPOBHEHHOM MEpHI U3 11.2,
HOPMAaJIM30BAHHOM SHTPOIHNHU pacHpeeNICHHs KBaIpaTOB BEUBIET-KOA(PPHUIINEHTOB U
KpUTEPHUS OTHOLIEHHSI SHEPTUU KBBICOKUX YACTOT» K SHEPTUU KHU3KUX YACTOT» — JJIs
aBTOMaTH4YecKoi MapkupoBku mioxux 1C Tpacc.

. BeraucieHne aqanTUBHBIX TI1aBHBIX KOMITOHEHT JIJISl BCEX MOJHOCTHIO HITH YaCTUYHO
xopommmx 3C Tpacc B MepeKPHIBAIOLINXCS BEHBIIET-TAKETHBIX YaCTOTHBIX ITOJIOCAX H
B MacCIITa0HO-3aBUCUMBIX CKOJIB3SAIIUX BPEMEHHBIX OKHAX.

. Onenka BapHaluii MHOTO-YPOBHEHHOM Mephl HECTAIIMIOHAPHOCTH JIJISl BCEX
MacCIITaOHO-3aBUCUMBIX TJIABHBIX KOMITOHEHT.

. Onpeenienre Ha4YaIBHBIX OIIEHOK MOMEHTOB BPEMEHH BCTYIUICHUS S-BOJIH,
UCIOJIB3YSl MAaKCHMaJIbHbIE 3HAYEHHsI MEp HECTALlMOHAPHOCTH, BBIUMCICHHBIX B I1.5.

. KoppekTrupoBka HauanbHBIX OIIEHOK MOMEHTOB BPEMEHHU BCTYILIICHUS S-BOJH U
UACHTUPHUKAIMS THIIEpO0INYecKoro rogorpada S-BoiaH ¢ TOMOIIbIO HTEPATUBHON
pobacTHOI POoIIeTyphl HOATOHKH €T0 TapaMeTPOB.

. Onpenenenre HaYaIbHBIX OLIEGHOK MOMEHTOB BPEMEHH BCTYIUIEHUs P-BOJH,
UCIOJIB3YSl MaKCUMaJIbHbIE 3HAYEHHsI MEp HECTAIMOHAPHOCTH, BEIYUCICHHBIX B I1.5
JUII MOMEHTOB BPEMEHH CTPOTO IO MOMEHTOB BCTYTUICHHUS S-BOJH, ONPE/ICTICHHBIX B
m.7.

. KoppektrupoBka HadaIbHBIX OIICHOK MOMEHTOB BPEMEHH BCTYILUICHUS P-BOJH 1
uaeHTuduKanus runepoonmaeckoro rogorpada P-BoaH ¢ MOMOIIBIO HTEPATUBHOMN
poOacTHOM MpoLeAyphl TOJTOHKH €r0 MapaMeTpOB.

Huoke KaIplii MyHKT 3TOM MOCIEeI0BaTeIbHOCTH Oy IeT onucaH aeraibHo. Ha puc.3.25

IIOMHMO UCXOOHBIX JaHHBIX I/1306pa}KeHBI TAKXXC€ KOHCYHBIC OLICHKH FOZ[Ol"pa(bOB PusS-

BOJIH.

1. Beiienem-naxkemnoe pasnooicenue.

OproroHaiabHOEe BeHBIIET-IAKeTHOE pasiokeHne curHaga X(t), aHamormdHo

dopmyse (1.6.14), 3amuiieM B BHIE CYMMBI:

x(t):const+izq:x(ﬂ")(t)+ Zm: xP(t) (3.8.1)

A=l y=1 p=mg+1

204



rore q=2",r=12,3,... 3amaer YUCIO MOLYPOBHEH, HAa KOTOPOE pACILEIIIIETCS

06BIuHbI ypoBeHb jeTanbHocTH. Kommonentsr X7)(t) wacToTHO-ymopsmoueHsl u

JIOKAJIM30BaHBI B T0JI0CE, 3a1aHHOM Gopmyoii (1.6.15).

OtMmeTnM, 4TO crienuduka GOpMyJIbl U BEUBIET-pa3IoKeHHs (MOCKOJIBKY TaKyIO
)K€ WM TOoJ00HYyH el QopMyny MOXHO 3amucaTh HM TMPU  HCIIOIH30BAHUU
MHOTOnoocHON ®Pypbe-QuibTpanun), COCTOUT HMEHHO B HCIIOJIB30BAHUU IOJIHOTO
opToroHasibHoro ©0aszuca (UHUTHBIX (QyHKIMH. B 3ToM ciydae BiusiHHE
KOPOTKOKUBYIIMX BCIUIECKOB (Kak HIyMOB, TaK M IIOJIC3HBIX CHI'HAJIOB) HEMHUHYEMO
OTPaHUYEHO TIO0 BPEMEHH, TOTJa KaK HCIOJb30BaHWE 0a3uca CHHYCOB-KOCHHYCOB, B
CHJIy HEOTPAaHHYEHHOCTH WX HOCHTENS], NPUBOAWT K BO3HUKHOBEHHIO IOOOYHBIX
s¢pdextoB GunbTpanuu (0OCOOEHHO Ui CHUTHAJIOB ¢ HEOOJBIINM YHUCIOM OTCYETOB),
COCTOSIIIMX B  «IJ00ANM3alMU»  BIUSHHUA JIOKAIBHBIX  BCIUIECKOB Ha  BECh
oOpabaTbIBaeMbIii BpeMEHHON MHTEpBaJ. B KOHEYHOM HTOTe 3TH 1MOO0YHBIE d(H(HEKTHI
NPUBOJAT K pPACIUIBIBAHUIO (POHTOB CEHCMHUYECKMX BOJH MOcCie (GUIbTpamuu u
YMEHBILICHHUIO TOYHOCTH OTIPECIICHNUS MOMEHTOB BCTYIUICHUH.

B nanwaeiiem 6y,Z[CM HMCIIOJIb30BAaTh TOJIBKO 3HA4YC€HHUE ( =8. B stom ciy4dac

xommonenty X7 (t) HazoBeM y -oif OKTaBOIl yPOBHS A€TANIBHOCTH ¢ HOMepoM f3 . Jlns

BEUBIIET-MIAKETHOTO PA3JIOKEHUs OYyJIEeT UCIIONIb30BaThes Oa3ucHyro QyHkmuio Jodemm
8-ro mopska, oOHyIsONIYI0 4 TIEpBBIX MOMEHTA, JJIsl KOTOPOi (HIBTP ITUCKPETHOTO
BPEMEHHU COJEPKUT 8 HEHYJIEBBIX KOI(PPHUITMEHTOB. DTOT BBIOOD SBIISIETCS PE3YJIHTATOM
OOJIBIIIOTO 4YHCJIAa DSKCIEPUMEHTOB C BEHBJIIETAMH JPYTUX TMOPSJIKOB, a TaKXKe C
ABTOMATHUYECKUM BBIOOPOM BeiBIIeTa W3 KPUTEPUEB THUIIA MHHHMYMa SHTPOIIUH.
3HaueHue 8 IJId IopsAaKa BeliBJIeTa 0Ka3aj10Ch HaWJTy4IllruM JJI aHaJIi3a CECMHYECKUX
JAHHBIX. €ro Oa3ucHas (1)YHKIH/I$I OOHOBPEMCHHO ABJIACTCA U JOCTATOYHO KOMIIaKTHOU
(c pocrom moOpsaKa €ro HOCHTEIb pACHIMPSACTCA) M JOCTATOYHO Taakod (c
YMEHBIICHUEM TOPSIKa B GPUHUTHOW 0a3MCHOW (DYHKIIMH MOSIBIISIOTCS TOUYKH pa3pbiBa

MPOU3BOJIHBIX).

205



Tabnuna 3.8.1. 3HaueHNss MUHUMAJIBHBIX U MAaKCUMaJIbHBIX MIEPUOJIOB TepBhIX 17

MEPCKPBIBAIOIIUXCA BEWBIET-TTAKETHBIX YaCTOTHBIX ITOJIOC I[J'II/IHOﬁ 6 OKTaB.

Howmep [Tepuon [Tepuon Howmep ITepuon ITepuon
o TI0JIOCHI Tn("‘; ) Tn(gx) Qo TOJIOCHI Tn(]fr‘] ) Tn(gx)

1 2.000 3.200 10 4.267 7.111
2 2.133 3.556 11 4571 8.000
3 2.286 4.000 12 4.923 8.533
4 2.462 4.267 13 5.333 9.143
5 2.667 4571 14 5.818 9.846
6 2.909 4.923 15 6.400 10.667
7 3.200 5.333 16 7.111 11.636
8 3.556 5.818 17 8.000 12.800
9 4.000 6.400

BeiiBneT-makeTHOE PAa3JI0KCHUC MO3BOJISICT BBIACINTL COCTABJIAONINEC CHUTHAlla B

NEPCCCKAOMMNXCA YaCTOTHBIX II0JIOCAX, COCTOAINUX U3 3aJaHHOro 4Yucjia p

MPUMBIKAIOIINX APYT K JAPYTY OKTaB, KOTOPBIE, B TO € BPEMsI, MOTYT IIPUHALJIEKATh
pa3HbIM YPOBHSIM JETAIBHOCTH. JTU BEHBJIET-NIAKETHBIE YACTOTHBIE MOJIOCHI CMEIIECHBI
Jpyr' OTHOCHUTENBHO JApYyra Ha OJHY OKTaBy M JAlOT JETaJIbHOE YaCTOTHO-BPEMEHHOE
pa3joKeHUe CUrHaia. 3aJaJuM 4HMCiI0o [ NPUMBIKAIOMIMX APYT K Apyry okras. Toraa
MOKHO  ONpEAENUTh  LEIOYHCICHHBIN a=1..¢

WHJIEKC HYMEPYIOIIHI

max !

MOCJICAOBATCIIbHO NTEPECCKAOIIUECCA BEHBJIIET-IIAKETHBIC YaCTOTHBIC ITOJIOCHI JJIMHOM 110

OKTaB C IIOCTCIICHHO BCIIMYHUBAKOIINMHAUCA TpPaHUIIAMHU MAKCHUMAJIBbHBIX T(a) nu
y 1T 1 max

MHHEMATBHEIX 1% mepnonos. 3Hauenus (P, . ) ABISIOTCA NapaMeTpaMH METOJA

min max
OTIPEIENIAIOT YaCTOTHOE pa3pelneHue (mapaMeTp P ) U 4acTOTHBIN auana3oH (mapaMerp
O, ) BEHBIET-NIaKeTHOTO aHanu3a. [lyst 00paboTKM mpuMepa JaHHBIX ObLIM BBHIOpaHBI
3HaueHuss P=06,a,, =17. B Tabmuue 3.8.1 mnpuBeneHbl COOTBETCTBUS MEXKIY

MHUHUMAJIbHBIMHW U MAaKCHUMAJIbHBIMH INCPHUOJaMH YaCTOTHBIX IIOJIOC IJId BI)I6paHHI>IX

3HaYeHWH mapamerpoB (P, &, ), W3MEPEHHBIX B COUHHIAX IIMHBI HHTEpBaia

JUcKpeTu3anuu At.
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O6o03HaunM vepes

k=123t=1..L (3.8.2)

tr?

2, j=1.,N

coBoKynHocThk Beex 1C ceiicmuueckux tpacc. 3aeck N, — monnoe uncno 3C 3anuceit

(45 B Hamrem ciyvae), L— uncio orcyeroB B kaxaoii 1C tpacce (400 B Hamiem ciydae),

uraekc Kk =1,2,3 coorBerctByer X, Y u Z-kommnoHeHTaM. Takum o0pa3om, mepBast

onepanusa METoa COCTOUT B BBIYUCIICHUHA MAaTpPHIIBI:

ZE"’k)(t) a=1..,a (3.8.3)

max

COOTBCTCTBYIOILIGP'I CHUCTCMEC MCPCKPBIBAIOIIUXCA YaCTOTHBIX ITOJIOC.

2. Mnozo-yposnennas mepa necmayuoHapHozo nogederus. Ilyctnb Zﬁ"’k) (t) — xaxas-

HUOY/b KOMIIOHEHTAa YacTOTHOW IMOJIOCHI ¢ HOMEPOM « CKAaJISIPHOH CEeHCMHUYECKOM

tpaccel Z; (t). BosemeM ckomb3simee BpemeHHoe okHO pammyca M =int(T ()

OTCYETOB C LICHTPAJIBHOM TOUYKOM 7 W BBIYMCIUM JUCIEPCUIO COCTABIIAIOLIEH MOJOCHI

Q' Ha JIEBOU U HA MPABOM MOJOBUHAX CKOJIB3AIIErO0 OKHA:

71
(@@L = Y @) ImMe,
t=r—M (@)
(3.8.4)

r+M (@

ECIRY = 3 @0 M

t=r+1

Boruricnum  pazHuily MexXIy AUCIEPCUSIMH, TOCIE 4Yero MpOCyMMHPYEM OTH

Pa3HOCTH IO BCEM MOJIOCAM:

13 (0) = (0 (| L))* = (') (| R))?)?,

e (3.8.5)
Hix ()= Z ﬂfak) ()

Ecnmu muis kakoro-To 3HaueHust 7 cratuctuka (3.8.5) uMmeer J0KaabHBI MUHHUMYM,
9TO 03HAYaeT, YTO CYILIECTBYET 3HAUYMTEIbHAS Pa3HULA MEXAY IOBEICHHEM CHUTHAJIa

cieBa u cmnpaBa ot Touku 7. CymmmpoBanue B Qopmyine (3.8.5) obOecrneumBaet
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MOAaBJICHHUEC CHUJIbHBIX HIYMOBBIX COCTABJIAIOIINX, KOTOPBIC HEKOPPCIUPOBAHHBI MCIKIAY
co0OW B PAa3MUYHBIX YACTOTHBIX IIOJIOCAX M TPU CYMMHUPOBAHHH MPOUCXOIUT HX
B3aMMHOE TalleHue. B TO ke BpeMs CHTHaJl BCTYIUICHHS UMEET KOPPEIUPOBAHHBIC
COCTAaBJIAOILIUC B 60J'H>I_HCI7I YaCTH IOJIOC U CYMMHPOBAHUC JIMIIb YCUJIIMBACT BCIJICCKU
cratuctuku (3.8.5), oTHOcsmMecs Kk MoMeHTaM BeTyruieHuid. Clieyer 3aMeTHTh, 4TO
BapHaIlUM 3TUX MEP ISl «XOPOIINX» CEHCMUYECKUX Tpacc 0OBIYHO MMEIOT GhopMy 2-X
OJIM3KO PACIIOJIOKEHHBIX TTMKOB — 3TO BIIOJHE €CTECTBEHHO, TaK Kak 1-if MUK oTMeuaeT
Hayajo BCTYIUICHUS BOJIHBI, a 2-0i — ee 3aBepIleHHeE.

3. Koumponv rauecmea 1C mpacc. Ilponemypa aBTOMAaTHYECKOTO KOHTPOJIS
kauectBa 1C Tpacc wucnome3yer 3 kpurepus. [lepBbiii KpuTepuid OCHOBaH Ha

BBIYUCJICHUU BECINYUH:

median { u; ,(r) }
K., =
MO max g, (1)}

(3.8.6)

JIms  «XOpOIIMX» CKAIAPHBIX Tpacc 3HaYeHHe MeauaHbl craThucTukd (3.8.5)
onpenensercss MaibiMd (OHOBBIMH 3HAYCHUSMH, TOTJa KaK €€ MaKCHUMAaJIbHbIC
S3HAYCHHUA COOTBCTCTBYIKOT BCTYIUUICHUSAM BOJIH W 3HAYUTCIBHO MPCBOCXOIAT (I)OH.
[Mostomy mnst «xopommx» Tpacc 3HadeHue (3.8.6) MOKHO OBITH JOCTATOYHO MAJIo,
TOTAAa Kak Ui COOMHBIX TPacC € XAOTHUECKUM WM TEPHOAWYECKHM TIOBEACHUEM

CHUIHaJia 3TO 3HAYCHHUC 6y,£[eT oonpmmM. Takum 06pa30M, €CJIH.

> (3.8.7)

to 1C Tpacca Mapkupyercs Kak 1oxas. 3HaueHHe 10pora K, SBISETCS 1apaMeTpoM
METOJa U AJIs HAIllero IpUMepa UCIO0Nb30BalloCh 3HaueHue k., = 0.04.

Bropoii kpuTepuii kauecTBa OCHOBAaH Ha BBIYMCICHUH HOPMAJIH30BAaHHOW SHTPOIHH
pacrmpeneneHust 3HaYeHUH KBAJpaTOB OOBIYHBIX BEUBIET-KOA((HUIMEHTOB CUTHajla Ha

l-oM um 2-oM ypoBHSX jgeTasbHOCTH. Hopmanmu3oBaHHasi SHTPONHSA KOHEYHOTO

n
JMCKPETHOTO pacipeneneHus BepositHocteidr P, >0,i=1,...,n, z p, =1 onpexensercs
i=1

dbopmynoit:
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En = (-3 p,-In(p)/In(n) (3.88)

Takum o6OpasoMm, 3HadeHuss En nexar mexay O m 1. Ecim B kadectBe P,

MNOoACTABUTL 3HAYCHUS KBAApPATOB BeﬁBHCT-KOS(I)(I)HHHCHTOB JJIA ypOBHeﬁ ACTAJIbHOCTH

1-2, neneHHbple HA CyMMY BCEX ITHX 3HAUCHHH, a B Ka4yeCTBE N B3ATh OOIIEe YHUCIIO

BEHBJIET-KOO(DUIIMEHTOB Ha MEPBBIX 2-X ypoBHsAX aerambHOocTH (mpu N =2" st0
gyucino Oymer paBHo N=3N/4), to 3uadenue (3.8.8) Oymer mpeacraBiaTh 2-0i

kputepuit En ik UL SHTPOTIHH 1C tpacer 2z ik (t). Eciu Tpacca o0siazaetT XaoTHUECKUM
BBICOKOYACTOTHBIM MMOBeZeHHEM («apede3r»), TO 3HaYeHHE Enj , Oyzer OombIIUM.

Nuapivu CJIOBaMHU, €CJIX BBITIOJIHACTCSA HCPABCHCTBO

(3.8.9)

T0 1C TpacCa MapKUPYCTCA KaK «I1JI0Xas>. I[J'IH aHaJIn3a OJAaHHBIX SKCIICPUMCEHTA HUXKC

ucnones3yercs nopor En . =0.25.

Tperuit Tun «mmoxux» 1C Tpacc MOXKHO HaszBaTh «IyThIME», Hampumep X-03, X-
39, X-42 — oHU XapaKTepU3yIOTCS CIMIIKOM OOJBIIOW WHTEHCHUBHOCTHIO HHM3KUX

4acToT. Il X BBIAECICHUS HCIOJB3YETCS KPUTEPHUM OTHOLICHUS DHEPTUU «HU3KUX»

YaCTOT K JHEPIMM «BBICOKHX» 4acTOT. IlycTh EJ{Lk) €CTh CyMMa KBaJpaTOB BEHBIET-

o (H)
K03 (ULMEHTOB BCEX YPOBHEH AeTalbHOCTH ¢ Homepamu S>3, a E;\’ - cymma

KBaJpaToB KO3 HUIMEHTOB IS YPOBHEH aeTambHOCTH 1-3 00bIdHOTO (HE MaKeTHOro)

BelBner-pasnoxkenns 1C rpacenr Z; , (t) . PaccmoTpum oTHOMmIEHHE!
L H
A = E},k) / EE,k) (3.8.10)

Jnst 3-ro tuna mioxux tpacc otHoumienue (3.8.10) nomkHO ObITH BenMKo. Takum

00pa3oM, ecjIH BBIIOJIHAETCS HEPABEHCTBO

A 24 (3.8.11)
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to 1C Tpacca cuuraercs mioxoil. Huxke ucnonb3oBanoch 3HaueHue nopora A, =2.75.

Ecnu o kpaitneit mepe onHo u3 HepaBeHcTB (3.8.7), (3.8.9) wnwm (3.8.11) BeimonHsieTcs,
to 1C Tpacca MapKupyeTcsi Kak «IJI0Xas» W MCKIFOYASTCS U3 MOCIEAYIONMIEro aHaIu3a.
CxkanspHble Tpacchl Ha puc.l, moMeYeHHbIe OJIMHOYHBIM BOCKIIUIIATEILHBIM 3HAKOM ‘17
UICHTU(QHUIIMPOBAHBI KaK IUIOXHE HA CTA/IUU TPEABAPUTEIHLHOTO KOHTPOJIS KAYeCTBA.

4. Macwmabno-3asucumoie enasuvie komnonenmol. Te 3C Tpacchl, Bce CKaTSIpHBIC
KOMIIOHEHTBI KOTOPBIX SBJISIFOTCS IJIOXUMH, UCKITIouaroTcst u3 ananm3a. Te 3C Tpace, B
KOTOPBIX TOJBKO OJHA CKaJspHAs KOMIIOHCHTa NpOILIA IPEIBAPUTEIBHBIA TECT
Ka4yecTBa, BKIIIOYAIOTCS B aHAJIM3 JAHHBIX, HO TOJILKO 3Ta eauHcTBeHHas 1C Tpacca u
anamsupyercsa. Ecimm ke 3C Tpacca comepkut 2 win 3 XOPOIIUX KOMIIOHEHTHI, TO
BO3MOKHO MOCIIeAYIOIIee MIPUMCHCHHE MeToJ1a TJIaBHBIX KOMIIOHCHT
(mossipu3anMOHHOTO  aHanu3a). [ 7aBHbIe KOMITOHEHTHI Juisi  Takux 3C  Tpacc
BBIUUCIISIOTCS ISl KOKIOW M3 BEUBIIET-TAKETHBIX YaCTOTHBIX MOJIOC.

Jns kaxaol BEHBIIET-MAKETHOM YAaCTOTHOW IMOJOCHI C HOMEPOM « TJIaBHAas

KOMIIOHCHTAa BBIYUCIIICTCA B CKOJIB3SIIEM BPECMCHHOM OKHC, paanuyC KOTOPOI'O paBCH

m,T*) rme m, sBasercs mapameTpoM anroputma (B pacyeTax Opanoch 3HaueHHE

me =10), a Tn(]g‘x) €CTh MaKCHUMaJIbHBIN MEPHO/ BEHBIIET-MIAKETHOM MOJIO0CHI (B €IMHHUIIAX

UHTEpBaJia JUCKpeTh3aluu — cM. tabmuiy 3.8.1). [lng Kaxmoro mMoJoKeHHs
CKOJIB3SIIETO BPEMEHHOTO OKHA BBIYKMCISCTCS BBIOOpOUYHAS OIEHKA KOBApPHAIMOHHOM
MaTpuIlbl pazmepoM 2x2 win 3x3 (B 3aBHCHMOCTH OT TOT'O, CKOJBKO CKAaJISPHBIX
KOMIIOHCHT  TPONUIO  TECT  KadecTBa), HAXOMUTCSI  COOCTBEHHBIH  BEKTOP,
COOTBETCTBYOIIUI MaKCUMAJIBHOMY COOCTBEHHOMY YHCITY M BBIYHUCIISIETCS] TIPOCKITHS 2-
X WIH 3-MEPHOTO BEKTOpa CEMCMHUYECKUX KOJeOaHHWl Ha ATOT COOCTBEHHBIH BEKTOP.
Pe3ynbraT 3TOr0 mMpOCKTHpPOBaHHUsA, INlaBHas KommoHeHTa 1C Tpacchl, 3allOMHHAETCs
JIMIIG IS [EHTPAIbHONH TOYKH CKOJIB3SIIEr0 BPEMEHHOro OKHa. [IJiss mepBOro OKHa,
MPUMBIKAIOIIETO K Hayaly 3alvcH, TJaBHAass KOMIIOHEHTA 3alIOMHHAETCS I MOMEHTOB
BPEMEHH U3 TMEPBOM MOJOBHUHBI OKHA (BKJIIOYAs I[EHTPAIbHYIO TOYKY), a IS
MOCJICTHETO OKHA, TIPUMBIKAIOIIETO K KOHILY 3alMCH — JIUIsl BTOPO#l MOJIOBHUHBI OKHA. Ha
puc.3.26 mpencraBicHa «moidHOCTHIO xopomas» 3C Tpacca Ne 21 u ee riaBHBIC

KOMIIOHEHTHI BO BCE€X BEHMBIIET-ITAKETHBIX YACTOTHBIX IOJI0CAX.
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Puc.3.26. X, Y u Z-xomnoHeHTHI Tpacchl Ne 21; nanee — ee riraBHbIe KOMITOHEHTHI B 17
TMEPEKPBIBAIOIINXCA BEMBIIET-TIAKETHBIX YaCTOTHBIX IT0JIOCAX C IHHpI/IHOfI 6 OKTaB.

5. Mnozo-ypoenennvle mepvl HeCMayUOHAPHOCMU 01 2IA6HbIX KomnoneHm. Mepsl
HECTAllMOHAPHOTO MOBEACHUS CKAJIIPHOW Tpacchl, BBEJIEHHBbIE BbIIIE (QopMyIamMu

(3.8.4) u (3.8.5), MOryT OBITh BBIYHCIICHBI AHAJIOTMYHO JUIS MAaCIITaOHO-3aBUCHMBIX
> (@)

TIIaBHBIX KOMIOHEHT Kaxnoi 3C Tpaccel. Obo3nauum ux uepes u| (r) u pu;(r) — B

JaHHOM ciy4vae wuHaekc K, B ¢opmynax (3.8.4), mis pazmuyenus X, Y wm Z-

KOMITOHEHT SIBJISICTCS U3JIUIIHUM | omyckaercs. Eciin 3C Tpacca uMeeT eTMHCTBEHHYTO

«xoportryio» 1C KOMIIOHEHTY, TO JJIsl Hee UCIIOIB3YETCsl Mepa, YKE BBIYUCICHHAS paHee

B Qopmynax (3.8.4) u (3.8.5). Ha puc.3.27 npencraiensl rpadukd 3aBUCHMOCTEH

w2 (2) m (7).

211



—_—
4]
—

-
-

-
o

-
[¥%)

; tttt#tr::@&k&%&tr

-
£

-
(241

-
=]

-
-

Sum

o
[+,
o
-
-
o
o
o
]
[+
o
(5]
=]
o
)
[4.]
[=]
iy
o
o

L7=T- - I B - I £ B P L T I

-
-

-
%)

|

Sum

0 50 100 150 200 250 300 350 400

Puc.3.27. (a) — rpaduku moBeieHHs: MEp HECTALIMOHAPHOCTH B KXKIOH U3 YACTOTHBIX MOJIOC,
HIWKHHUN rpaduk (MOMEYeHHBIH Kak SUM) SIBJISETCS CYMMOW Mep HECTAllHOHAPHOCTH MO BCEM
YaCTOTHBIM I10JI0CaM U JIEMOHCTPHPYET HATMYHNE CUTHAIOB BCTYIUICHHH, S-BOJIHA
nomunupyert; (0) — Te e rpaduku, yTo U Ha puc.(a), HO MOCTPOCHHBIE IJIsI MOMEHTOB

BPEMEHHU CTPOTO 10 BCTYIUICHUS S-BOJIH MHHYC 3HadeHue Ol , HIKHHIT rpaduk

(moMeueHHBIH Kak SUM) SIBIIETCS CYMMON Mep HECTAITHOHAPHOCTH MO BCEM YaCTOTHBIM
MoJIocaM, KOTOpast UCTIOIB3YETCs ISl OOHApYKEHUS BCTYIUICHUST P-BOTTHEI.

6. Hauanvuole OYEHKU MOMEHRMOE8 B8pPEMEHU 6CM)NJIEeHU S-6on. Merton cHaualia
onpeacisiCT MOMCHTBI BCTYIIJIICHHA S'BOJ'IH, KaKk B Cp€IHCM 0oJiee MHTCHCUBHBIX u,

ClleIoBaTeNIbHO, Oosiee TMPOCTO OOHApY)HBaeMbIX. [IycTh | - HOMEp MOJHOCTHIO HIIH

212



gacTiyHO «xopomieir» 3C Tpaccel, TO €CTh, UMEETCS BO3MOXXHOCTh aHAIU3UPOBATH
cratuctuky 4 ;(z). [Hamee, mycte & - LEHTP BPEMEHHOTO OKHA pajHyca
M, =1.5-T“=) orcueroB ays amanm3a Bapuaryii CTATHCTHKH ,u(j“) (z) . TlomuepkHeM,
410 B (hopmyne ans M, Oepercst 3HaYCHHE MAaKCUMAJIbHOIO MEPUOJA Ul ITOCIEIHEH,
CaMOM HU3KOYAaCTOTHOW BEHBJICT-IIAKCTHOM IIOJIOCHI C HOMEPOM ., . Ilycts u; -
cpenuee 3HaueHue 4 ;(7), BHIMUCICHHOE TI0 BeeM 7, a v (&) - cpelHee 3HAYEHHE OT

,Uj(Z'), BBIUHUCJICHHOC B CKOJIB3IICM BPEMCHHOM OKHC C HCHTPOM B TOYKE gg Meton

ONpeACICHNA HAYaJIbHBIX OIICHOK BCTYHJICHI/Iﬁ S-BOJIH OCHOBaH Ha BBIACICHHUU TaKHX

MOMEHTOB BpPEMEHH, II1 KOTOPBIX V J(f) IPEB30HIET IOpOr P, PaBHBIA
NPOM3BECHUIO OOIIEr0 CPEAHEr0 3HAYEHHUS fI; HA HEKOTOPbIH Kod(duumeHt p.

3HaueHUS MHOKHUTEIS L 3aKIIIOYCHBI B IIpcciiax OT 2 a0 3u 6ep}ITC$I C A0CTAaTOYHO

MajbiM pPaBHOMEPHBIM Imarom. Cieayer OTMETHTh, YTO HEKOTOPBIX Tpacc P-BosHa
MOXXET UMETh JSHEPTHI0, CPABHUMYIO WJIM JIaXe MPEBOCXOJAIIYI0 SHEPTUIO S-BOJHBI.
Jns Toro, 4toObl u30€XaTh OMIMOOYHON WIASHTHU(PUKAMU [Js OTUX CIydaeB
BCTYTUICHUSI P-BOJIHBI Kak S-BOJHBI, IPUMEHSETCS METOJ aHajIN3a MUKOBBIX 3HAYCHUI

cratuctuku 4 ;(7) 6 obpamnom Hanpasienuu epemenu, OT KOHIA 3allUCH K €€ Havay.

TakuM 00pa3zoM, CKOJIB3SIIEE BPEMEHHOE OKHO JIBUXKETCS OT KOHIIA BPEMEHHOTO

MHTEpBAllAa K €ro Havyaly M HIIETC nepéoe TOJOKEHHE &; UeHTpa &, Korjaa
v(§)>p-p;. 3atem MeTon MIIET nepebiti MOMEHT Bpemenu 7; €[S, —M, & ] -
NPUHAIUIEKANMA  71€p6oll  TIONIOBUHE CKOJIB3SIIETO OKHA, KOTAa 3HaveHue 4 (7)
npes3oiier 85% KBaHTHIL pacnpeneneHus 3HaueHUd 4 () BHYTpH HMHTEpBaia
relg; —M,, & +M,]. Cnenyer nmomyepkHyTh, 4TO 7; 3aBHCHT €IIE€ OT 3HAYEHHUS
kod(pdunmenTa p, HCIONB3YEMOTO [UIS OIpPENEICHUs] Iopora Ui CKOJB3SIINX

cpemnux v (&) . IMostomy samumem 7; =7, (p). OnTUManbHOE 3HAYEHHE TIAPAMETPa

L HaAXOOUTCA U3 YCJIO0BUA MHUHHMYMa BapUATUBHOCTU 3HAYCHUU Z'j (p) MCKAY

COCCIHHUMH TpaCCaMM.

YIe (D)= 4(p) > min, pel23] (38.12)
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3HaueHHS z'j*(p), rae p HaxomuTcs w3 peurenus 3amaun (3.8.12), Gepyrtcs B

Ka4yeCTBE HayalbHBIX OLEHOK MOMEHTOB BPEMEH BCTYIUICHHS S-BOJHBI Ha Tpaccax C
HOMEpaMH | .

7. Oyenxa 2o0ocpagha S-6onHvl. I yTOUHEHMS HAYabHBIX OLEHOK MOMEHTOB
BPEMEHU BCTYIUICHUS S-BOJH HCIIOJIB3YyETCS MTEPAaTHBHAs CaMOOPraHU3YIOILAsCS
npoueaypa MHOATOHKK rumepOoiaudeckux roxorpados. OnpenenuMm  MOJCTbHBIA

runepbonuueckuii rogorpad Gopmymoii (Hatton et al., 1986):

T =126 (-0 (3.8.13)

rIe TJ.* — MOJIEIbHOE 3HaYE€HHE MOMEHTA BCTYIUICHUs, | - Homep Tpaccel, (T,,S, J,) -

rapaMeTpbl MOJIETH, B KOTOPOH S SIBJISIETCS MEJJIEHHOCThIO BOJIHBI. Haliem 3HaueHus

MapaMeTpoOB U3 PELICHUS 3a0a4H:
SI) (1)) |- min (3.8.14)
i 0:5: Jo

Te HavanbHble OUEHKH 7;, KOTOPbIC HAXOAATCA B Ipelenax +3 MeauaHbl

pacIpenesieHus  BEJIMYUH |z'j* —Tj*| B OKPECTHOCTH MOJEIbHOr0 rojorpaga c
napamerpamu, ompeaeneHHbiMU U3 (3.8.14), He HykmaroTcs B Koppekimu. Te ke
3HAYCHUSA Z'j*, KOTOpPBbIE BBIXOHAT 3a OTH MOPEAEibl, MNOABEPTrarOTCid IPOLEAype
KOPDPEKLIMN: OHHM 3aMEHSAIOTCS Ha 3HA4YEHHA 7, COOTBETCTBYIOIIME MAaKCHUMAaJIbHBIM
3HAUEHMSIM CTaTUCTHKU 4;(7) Ms apryMeHTOB 7, JIEKAllMX B BBINIEYKA3aHHBIX
npexenax. [locne 3Toi koppekuuu nporenypa noaronku (3.8.14) moBropsiercst 10 TeX
1op, MOKa He McYe3aeT HEOOXOIUMOCTh KOPPEKTUPOBKH ISl BCEX 3HAYCHUH T j*. Ecmmn

HaYyaJlbHbIe OLCHKU 7; MPEJICTABISAIOT c000ii BHIOPOC OT MoJenbHOro rojgorpada Ha

BEJIMUYMHY, IPEBOCXOIAIYI0 4 MeauaHbl, TO TaKHE TPACCHI MAPKUPYIOTCA KaK MJIOXUE
M HCKIIOYAIOTCS W3 aHalh3a — DJTO COCTAaBIdgeT 2-H, 3aKIIOYMTEILHBIA DTal
aBTOMAaTHYECKOTO KOHTpOJs kadectBa. Ha puc.l Tpaccel, oTOpakoBaHHBIE Ha 2-OM

Jrarne, HoMeUeHbl ABOMHBIM BOCKIULATEILHBIM 3HaKoM ‘117,
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Ecnu rogorpad mocne moaronku (3.8.14) cBoux mapaMeTpoB MMEET MUHHMYM

BHYyTpU mnpoduisi, To ectb 1< j,<N,, TO OKPeCTHOCTb Tpaccol |, SBIACTCS

tr?
HG6J’IaFOHpI/I$ITHOI71 A NPpUMCHCHHA METOJAa TIJIaBHBIX KOMIIOHCHT, IIOCKOJIBKY TaM
MPUCYTCTBYIOT CUJIIBHO KOPPEIUPOBAHHBIC ITIOMEXU OT OJIN3KOTO BCTYILIICHUA P-BonHEL

B »TO#l cuTyalnuu HMCHOJIB30BAHWE Bapvaluid Mep ,uj’k(r) JUIS. MHAWUBUYaJTbHBIX
CKaJISIPHBIX KOMIIOHEHT MOXKET J1aTh 0oJiee TOUHOE ONpeeNieHUe BCTYTUICHUS! S-BOJHBI,
YEeM HCIONB30BAHUE MEPbI £4;(7) I TIABHOW KOMIOHEHTHL. Takum 00pasom, s
MOJTHOCTBIO MJTH 9acTHYHO XopormX 3C Tpacc ¢ HOMEPOM | MPH YCIOBHH BBITOTHEHHSI
| j— J,|<5 wuTepaTuBHBII MeTOA KOPPEKTUPOBKM M IOATOHKH TUIEPOOIHMYECKOro
rofgorpada BKIIOYAaET B ceOs aHANM3 IHMKOBBIX 3HAYEHHMH CTaTHCTUK 4, (7) nus

XOpomux CKaJldpHBIX KOMIIOHCHT k HapsAay € HNHUKOBBIMH 3HAYCHHUAMHU CTATUCTUKH

#(r) nns rnaBHOM KommoHeHTHI. IIpu CpaBHEHMM 3THX CTATUCTHMK MNPEITNIOYTEHHE

oTmaercs Tou, s Kotopor 85% KBaHTWIL Bapualuii Mep pealn3yeT MUHHMAJIbHOE
paccTosiHue 0T MOJAENBHOTO rojorpada mocie NoJAroHKH €ro MapaMeTpoB — UMEHHO 3TO
3Ha4YCeHUE OepeTcs ISl KOPPEKTUPOBKH (€CITH B 3TOM BO3HUKAET HEOOXOAMMOCTB).

8. Hauanvhvie oyenku MomeHmMo8 6pemeHu ecmynieHus P-eonmusi. MOMEHTHI
BCTYIUICHUST P-BOJIH HWIIyTCSA TOCJEe ompenenaeHuss roaorpada S-BojaHBL MeTon
COBEpILICHHO AHAJIOTUYCH OMNpeIeNieHHI0 S-roxorpada, 3a HCKIIOYEHHEM TOTO, YTO
Ha4YaJIbHBIC OIICHKNW MOMCHTOB BCTYIIJICHHUA P-Bonn HIIYTCHd 11O BapualusaM CTATUCTUK

4 ;(7) He 1yst BCEX 3HAYEHUH 7 , & IUIIb yIOBJICTBOPSIOIINX HEPABEHCTBY

<t —2.T ) =t _ 5t (3.8.15)

rae tij) - MOMEHT BpeMeHH S-romorpada Ha Tpacce ¢ HomepoM . Ha puc.3.27(0)
n300pakeHsl rpaduku mMep ,u(ja)(z') u 4;(r), IS MOMEHTOB BPEMEHH T Stij) -otg,

KOTOpPbIE HCIOJB3YIOTCS Ul OIpENCNICHUs] HadaJlbHBIX OLEHOK BCTYIUIEHUS P-BOH.
OtmeTnM, uTO rpaduku Ha puc. 3.27(0) COOTBETCTBYIOT TeM K€ BapHallUsIM, YTO M Ha
puc.3.27(a), HO OHM He BHAHBI Ha (DOHE 3HAUYMTEIHHO OOJee CHIBHBIX H3MCHEHHH,

CBJA3aHHBIX C BCTYIUICHUSIMU S-BOJIHEL. Korna K€ IpU MOCTPOCHUU l"pa(l)I/IKOB

OTPaHUYMIIMCh BPEMEHaMHU rSti”—&ts, TO NPEIECTBYIOUIME BapUalu CTalu

Pa3INIUMBIMH.
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9. Oyenxa 2co0oepagos P-eéonnwi. |t HaxoxaeHus P-rogorpada ucmonb3yercs: ToT
e METO/I UTepalnil ¢ MOJrOHKON MOJIEN THIIepOOIMYecKoro rogorpada, uyto u i S-

BOJIHBI, HO MEIUIEHHOCTH P-BOJHBI MILETCS HE MPEBOCXOMISIICH 10 CBOEMY 3HAYECHHIO
paHee HaWJEeHHON MEMJICHHOCTH S-BOJNHBI, JAeleHHo Ha 2. Ha pwuc.3.28

MIpeICTaBICHBI TpaduKu 000uX TroorpadoB BMECTE ¢ UX ONMIMOKAMHU, COCTABJISIFOIITUMHU

3 MCAHaHbl OTKIIOHCHUA Ha4daJIbHBIX OIICHOK OT UTOT'OBBIX Swu P'FO,[[OFpa(I)OB.
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Puc.3.28. [Tonyuennbie rogorpadsl Beryuienuit S-sonH (S) u P-BonH (P) ¢
rOPH30HTAIBHBIMHU LITPUXaMH oInOOK onpenesneHus. Ha puc.(S) nzoOpaxeHsl BapHanuu
MHOT'0-yPOBHEHHOM CTaTHCTUKH JJI BCEX TPACC, KOTOPbIe He ObUTH KIacCU(PUIIMPOBAHbI KaK
«LETUKOM IUIOXHe» Ha 1-0l cTamuu aBTOMaTHYeCKOro KOHTpouist kadecTBa: (P) — Te ke
caMble MEpbl HECTAIIMOHAPHOCTH, HO MMOCTPOCHHBIE /11 MOMEHTOB BPEMEHHU CTPOTO 10

BCTYILICHHS S-BOJIH MUHYC 3HadeHHe Ofg ML BCEX Tpacc, KOTOPbIC He ObLIH

KJIaCCH(DHUIIMPOBAHBI KaK KIIETMKOM IUIOXHE» Ha 2-0i CTaJuu KOHTPOJIS.

Hrak, monHelil CIUCOK NapaMeTpoOB METO/1A:

1. P —4muciao OKTaB B BEHMBIET-TTAKETHBIX NEPCKPBIBAOINXCA YaCTOTHBIX
noJjiocax,

2. o, —MaKCUMAaJIbHOE YKCJIO BEUBIET-NIAKETHBIX 110JIOC;
3. K, —Tnopor st npuMeHernust kpurepus (3.8.6) aBTOMaTHYECKOr0 KOHTPOJLS

KayecTBa;
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4. En,,, — mopor ais npuMeHeHus Kputepus sHTpornuu (3.8.9);
5. A, — IOPOT U1l IPUMEHEHUs SHepreTudeckoro kpurepus (3.8.11);
6. m, — mapamerp, onpeAeIAIOIMNA PaglyCc MaCIITAOHO-3aBUCMOTO

CKOJIB34I1IETO BPEMEHHOTO OKHA JJIsI BEIYMCIIEHUS IJIaBHBIX KOMIIOHEHT.

Takum o00pa3oMm, pa3paboTaHHBIA W anmpoOOUPOBAHHBIA METOJ aBTOMATHYECKON
UACHTU(HUKAIIM MOMEHTOB BPEMEHH BCTYIUICHHS MPOJOIBHBIX M TOMEPEUYHBIX BOJH
U 3aa4  TACCHBHOTO CEMCMHUYECKOTO MOHMTOPHMHIA B 3aJa4aX CKBAKUHHOMU
ceficMOpa3BeIKU ISl CUTYAIldil HU3KOTO OTHOIIEHUS «CUTHAI/IIyM» W TPU HATHYUU
00JBIIOTO YKCla COOWHBIX OJHOKOMIIOHEHTHBIX TPAacC MOXET HAWTH NMpPUMEHEHUE B
3a/layaX MOHUTOPUHTA CJIa0BIX CEHCMUYECKMX COOBITUH. MeTon OCHOBaH Ha
KOMOWHAIIUA WAEH BEUBIET-TIAKETHOTO PA3JIOXKEHUS CEHUCMHUYECKUX 3amucedl u
MOJIIPU3AIIMOHHOTO aHanu3a. Pa3paboTaHHbIE HWIEWM aBTOMAaTUYECKOW MAapKHUPOBKH
COOMHBIX TpacC M HAKOIUICHWS TOJIE3HOW HH(POpPMAIUU IyTEM BBIYUCICHUS CYMMBI
BapHaIyii MHOTO-YPOBHEHHBIX MEpP HECTAIMOHAPHOCTH MOTYT OBITh UCTIOJIB30BAHBI JIJIS

MOHUTOPHHTA O6T)€KTOB, XapaKTCPU3yCMbIX OOJIBIIINM YHCIIOM HU3MCPACMBIX CUTHAJIOB.
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3AK/IIOYEHUE.

PasBuTne  COBpPEMEHHBIX CHCTEM  MOHUTOPHHTA  TPHPOTHBIX  OOBEKTOB,
3aKJIFOYAIOIIEECs] B COBEPIICHCTBOBAHUU CHCTEM IU(GPOBON perucTpaniu, TeIeMeTpun
" CpCACTB 6BICTpOFO A0CTyIla K JaHHBIM, B TOM YHUCJIC U YCPE3 UHTCPHCT, IMIPUBOJUT K
KaTacTpo(UIECKOMY YBEIMICHHIO 00beMa MH(POPMAIUH, JOCTYITHOTO MUCCIIEA0BATEIIO.
VYXOIAT B MPOIUIOE BPEMEHa «IITYYHOTO» aHAIHM3a OTACIbHBIX BPEMEHHBIX psioB. B
TUX OBICTPO HM3MEHSIOIIUXCS YCIOBUSAX HMHTEPIPETATOP YacTO 3axJeObIBaeTcs B
notoke uHMOpMamMu U cpabaThIBaeT «3allUTHAS PEAKIMs OpPraHu3Ma» - JIaHHBIE
OCTAaKOTCA HeBOCTpe6OBaHHBIMI/I HC IMTOTOMY, YTO OHM HC HYXXHEI, a IOTOMY, 4YTO C HUMHU
OUYeHb TPYTHO UMETh [0 H3-32 MX OOJIBIIOr0 00bheMa, BBICOKOW Pa3MEpHOCTH H
¢bu3nyecKoil pa3HOPOAHOCTH CUTHATIOB MOHUTOPHHTA.

HaCTOﬂH_IaSI MOHOI‘pa(bI/Iﬂ IoABOAUT UTOI pa60T aBTOpa 1o CO3AaHUI0 METOA0B U UX
aJIFOPHTMI/I‘ICCKOfI pcairsanyu, LOCJIbIO KOTOPLIX ABJIACTCA CO3JaHHUC HMHCTPYMCHTOB
00pabOTKH JTaHHBIX, MO3BOJIAIONIMX aHAJU3UPOBATH OOJBIIHE OOBEMBI PA3HOPOIHON
uHpOpMAIMH W HAXOJWTh B HUX OOIIWE CUTHAIBI (B Pa3IMYHOM [OHUMAHUHU) MU
OTCEUBATh MaJOCYIICCTBEHHbBIE JICTAIN KUHIMBHYaIbHOTO» MOBEICHHs, HECMOTPS Ha
TO, UYTO HX IIPOSABJICHUSA MOTYT 6BITB Ha MNOpsAAKU 60nee HWHTCHCUBHBIMU I10 CBOUM
aMIUIMTyAaM, 4€M CKpI)ITBII\/JI IOJIE3HLIA CUTHAIIY. Ha)IeIOCI), YTO U3JIOKCHHBIC METOAbI
W OMBIT aHaJM3a JaHHBIX, MPEJCTABJICHHBI B MHOTOYMCIECHHBIX MPUMEpPaxX M3 CaMbIX
pa3InYHBIX Cep MOHUTOPUHTA 3EMHOW KOPBI, TUAPOCHEPbl U BO3AYIIHOW OOOJOYKH
3emMiid, TIOMOXKET HCCIIeIOBATeNIIM B HMX TIOMBITKAX pa300paThCsi «C CaMOMl CYTBhIO»

JaHHBIX 1 n30aBUTLCA OT ITyMOB.
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