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HUL CIMPYKIMYPbl HEOOHOPOOHBLX Npoyeccos. B omauuue om npeodpazosarus Dypwve, aHauzupyrowas GyHKyus
KOMOpo2o NOKpwleaem GCr0 8PEMEHHYIO 0Cb, 08YXHNAPAMEMPUHECKAA AHAAUIUPYIOWAS GYHKYUSL 0OHOMEPHO2O
6e1i6.1em-npeodpa308anua Xopouwo A0KAAUI08AHA U 80 8PeMeHU, U NO yacmome. Bo3moxcnocmu npeobpazosanus
NOKA3AHbL HA NPUMEPAX AHAAUZA MOOCAbHBIX PAAOE ¢ XOPOULO U36eCMHbIMU c8oticmeamu (eapMOHUUECKUX, C
PA3AUYHBIMU 0COOCHHOCAMU, PPAKMAALHBIX) U OAHHBIX OAUMEAbHbIX HAOAIOOCHUIL 3 USMEHEHUeM HeKOMOPbLX
Mmemeopono2uueckux xapakmepucmuk (unoexc FOxcnoeo Koaebanus, eaobaivivie u noayulapHvle memnepanmy-
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1. BBexenne

Tepmun "BeiiBietr" (JOCIOBHBIA TEPEBO — MaJleHbKAs
BOJIHA) IOSIBUJICS CPABHUTEJIbHO HEJABHO — €r0 BBEJU
I'poccman u Mopie (Grossman & Morlet) B cepenune 80-x
TOIOB B CBSI3M C AHAJMU30M CBOMCTB celiCMHYECKHX U
aKyCTH4ecKuX curaasos [1]. B HacTosiee Bpems ceMeicTBO
AHAM3aTOPOB, HA3BAHHBLIX BeHBIeTaMHu !, HayMHAET
LIUPOKO IPUMEHSThCS B 3a/ladax Pacllo3HAaBaHMsI 00PaA30B;
npu 00paboOTKe U CHHTE3¢ PA3JINYHBIX CHTHAJIOB, HATIPAMED,
peueBbIX; NMPU aHaJU3e M300paKeHU caMoil pa3IMYHOMN
NPUPOJBI (3TO MOTYT OBITH M300pa)keHue pagykHoi 000-
JIOUKHU TJIa3a, PEHTI€HOrpaMMa MOYKH, CIYTHHUKOBBIE H30-
OpaxxeHUsT OOJAKOB WJIM TOBEPXHOCTU ILJIAHETHI, CHUMOK
MUHEpaja W T.I.); JJISi U3YYCHUs CBOUCTB TYpOYJICHTHBIX
ToJieit; mist cBepTKH (YnakoBKH) O0JbIIUX 00beMOB HHGOP-
Malll{ 1 BO MHOTHX IPYIHX CIIy4asiX.
BeiiBneT-npeobpazoBaHue 0JHOMEPHOI'O CUTHAJIA COCTO-
WT B €T0 Pa3JIOKEeHUH Mo 0a3ucy, CKOHCTPYHPOBAHHOMY W3
obyamaronieil ompeaeNeHHBIMI CBOWCTBAMH COJIUTOHOIIO-
nobOHOW ¢yHKIMU (BeliBjieTa) MOCPEACTBOM MACIITAaOHBIX
n3MeHeHui 1 iepeHocoB. Kaxnast u3 pyHkImii aToro 6asuca
XapakTepu3yeT Kak ONpPEIesICHHYI0 MNPOCTPAHCTBEHHYIO

' B pyccKOSI3bIYHOM JIUTEPATYPE MAJIO CTATEMN, B KOTOPBIX YIIOMHHAOTCSI
BEUBJIETBI, M [IOKA HE MOSIBUIIACH YCTONYMBASI TEPMHUHOJIOTHsL. BBe/ieHHbIE
aBTOPOM B [17] TepMuHbI "JI0KaIM30BaAHHBIA CIIEKTPAJIbHbINA aHaIu3" uim
"'CrieK TpaIbHBIN AHAJINM3 JIOKAJIBHBIX BO3MYILEHUIA" IOIXO/IAT IO CMBICILY,
HO OyIyud CJIMIIKOM TPOMO3JIKMMH, MOKA HE ObUIM HCIOJIb30BAHBI
npyrumu aBropamu. (ITpumeu. asmopa)
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(BpEeMEHHY!0) YaCTOTY, TaK U €€ JTOKAJIU3AIUI0 B (PU3HYECKOM
MPOCTPAHCTBE (BPEMEHN).

Takum 06pa3oM, B OTJIHYHE OT TPAIUIIMOHHO IPUMEHSsIe-
MOTO ISl aHaJIM3a CUTHAJIOB mpeoOpaszoBanusi Pypbe BeiB-
JIET-peoOpa3oBanre 0OeCeYNBACT TBYMEPHYIO pPa3BEepTKY
HCCIIElyeMOr'0 OJTHOMEPHOI'O CUTHAJIA, IIPH 3TOM 4acToTa U
KOOPAMHATA PACCMATPUBAIOTCS KaK HE3aBUCUMBIE MIEPEMEH-
Hble. B pe3ynbTaTe MOSBIISIETCS BO3MOXHOCTD AHAIIU3UPO-
BaTh CBOWCTBAa CHTHAJAa OJHOBPEMEHHO B (HU3UIECKOM
(BpeMsi, KOOpIMHATA) W B YacCTOTHOM MPOCTPAHCTBAX.
Cka3zaHHOE JIETKO 0000111aeTCsl Ha HEOTHOMEPHBIE CUTHAJIBI
Ui PyHKIUY.

B 3apyOexHoii tuTepaType ykxe NpuHsITO crekTp Dypbe
Ha3bIBATh Single spectrum B OTJMYUE OT CIIEKTPA, IMOJTYYCH-
HOTO Ha OCHOBE KO PHUIMEHTOB BEHBIIET-IPe0Opa3oBaHus,
— time-scale spectrum, uiam wavelet spectrum.

O061acTh UCHOJIb30BAHNS BEUBJIETOB HE O PAHUYMUBAETCS
aHAJIM30M CBOMCTB CUTHAJIOB U MOJIEH PA3IUIHON MPUPOIHL,
MOJIYYSHHBIX YHCIIEHHO, B 9KCIIEPUMEHTE WJIM IpU HAOIIoae-
HUSIX. BelBJeThl HAYMHAIOT MPUMEHSTHCS U ISl MPSMOTO
YHCJIEHHOTO MOJICJIMPOBAHMSI — KaK MepapXuyeckuii 6asuc,
XOPOILIO NPUCIIOCOOIEHHBIN 17151 ONUCAHUS AUHAMUKH CJIOXK-
HBIX HEJIMHEHHBIX MPOIECCOB, XapaKTEePU3YIOIIUXCS B3aUMO-
JIeiicTBHEM BO3MYIIIEHHI B ITMPOKUX TUATIA30HAX TPOCTPaH-
CTBEHHBIX ¥ BPEMEHHBIX 4aCTOT.

Pe3ynbTaThl MHOTOYHCIICHHBIX JKCIHEPUMEHTOB CBH/IE-
TEJBCTBYIOT O TOM, YTO NpH OOJBINMX 3HAYCHUSX YHCIIA
PeliHonbica 3HauUMTENIbHAS 4YacTh OObeMa TypOyJIEHTHOU
KHUIKOCTH OCTAeTCsl HACCUBHOW OTHOCHTEJLHO TUCCHUIIALAN
SHEPTUU U, CJIEeJOBATEIHHO, OTHOCHTEIHLHO OOpPATHOTO ee
Kackanma. BeiiByieT-aHanm3 OKa3bIBaeTCsl OYEHb YAOOHBIM
JUIS aHAJIM3a IIPOIECCOB ¢ MepeMexkaeMocThio. OH Mo3BO-
JISIET BBISIBUTH MPOCTPAHCTBEHHO paclpe/ie/ieHHbIC CBONCTBA
U3y4aeMoro oOBEeKTa, ONPENeIUTh HAJINYUE MepeMexaeMo-
CTH W pachmpejeieHue o0JacTedl AWCCHNAIH, TOJIYYHTh
JIOKQJIbHYFO BBICOKOYACTOTHYIO M TJIO0AJBHYIO KPYITHO-
MacmTabHyo uHpopManuio 06 00beKTe U MHOTOE JIPYroe
JIOCTATOYHO TOYHO U 6€3 U30BITOUHOCTH.

M3BecTHB! TPYAHOCTH, BCTpevarolmuecs npu oopaboTke
KOPOTKUX BBICOKOYACTOTHBIX CHTHAJIOB WJIM CHTHAJIOB C
JIOKaJIM30BAHHBIMHU 4YacTOTaMU. BeliBieT-ipeoOpa3oBaHue
OKa3bIBACTCS OYCHb YIOOHBIM HHCTPYMEHTOM JIJISl AJIEKBAT-
HOM pacipoBKY TAKUX JAHHBIX, TOCKOJBKY 3JIEMEHTBI €T0
6a3uca XOpOULIO JIOKAJM30BAHBI U 00JaJaroT MOABMKHBIM
4aCTOTHO-BPEMEHHBIM OKHOM.

Jaeko He ciy4yaliHO MHOTHE MCCJIEI0BATEIN HA3BIBAIOT
BeliBleT-aHaM3 ""MaTEMATUYECKUM MHKpOCKomoM' —
Ha3BaHUE MPEKPACHO OTPaXKaeT 3aMevyaTeIbHOE CBOWCTBO
METOJIa COXpaHsIThb XOpoIllee pa3pelleHre Ha Pa3HbIX
macirabax. CrnocoGHocTs 3Toro "mukpockomna' oOHapy-
KUTh BHYTPEHHIOIO CTPYKTYPY CYILECTBEHHO HEOTHOPO-
HOTO OOBEKTAa W M3YYHTH €ro JIOKAJbHBbIE CKEHJIMHTOBBIE
CBOICTBA MPOJIEMOHCTPUPOBAHA HA MHOTHX IPHMEpax, B
YACTHOCTH, HAa TaKUX KJIACCHUECKUX, KaK (PpaKTaJIbHbIC
¢ynkuu BeiiepiiTpacca M BepOSTHOCTHBIE Mepbl KaHTO-
poBckux psiioB. [lpuMeHeHue BelBiieT-aHAU3a K TypOy-
JICHTHOMY TIOJIIO CKOPOCTH B BETPOBOM TYHHENE NpHU
Oospimx umciax PeifHONbAcCAa BIEpBBIE A0 HATJISTHOE
MOATBEPXKACHUE HaMuusl Kackama Puuapncona. IMokazano
CXOJICTBO YHEPreTHIECKOTO KACKaIHOTO MPOIECCca CO CTPYK-
Typoil MyJIbTU(PPAKTATIBHBIX HEOJHOPOIHBIX KAHTOPOBCKUX
psnoB. Eme Gosiee 3¢GeKTUBHBIM OKa3aJ0Ch MPUMEHEHHE
BeiiBJIeT-aHAN3a K MYJbTH(OPAKTATHHBIM HHBAPUAHTHBIM
MepaM HEKOTOPBIX XOPOIIO W3BECTHBIX JIHUHAMHYECKUX

CHCTEM, MOJICJIUPYIONINX HAOJIOdaeMbIe B JUCCHIIATUBHBIX
CHCTEMax CHTYAIlMH Mepexo]a K Xaocy.

Taxum oOpa3om, BEHBJIETBI MOTYT C YCIEXOM IpUMe-
HSTBCS JUISL PEIIeHUs] pa3uMyHbIX mpobsieM. OIHAKO OHHU
ellle HeJOCTAaTOYHO IIMPOKO U3BECTHBI KPYI'y HCCJIENOBATE-
JIel, 3aHUMATOIIUXCSI AaHAJTM30M JKCTIIEPUMEHTAIBHBIX U Ha-
TYPHBIX JaHHBIX. B HacTosei paboTte caesana noneITKa 1o
BO3MOYKHOCTH HATJISIAHO M MPOCTO U3JIOXKHUTH CBEACHUS W3
TEOPUHU BEUBIIETOB, HEOOXOAMMBIE MIPH MPAKTUUECKOM MPH-
MEHEHHN BEeHBJIET-NIPEOOpa30BaHUs I aHAJIN3a CHTHAJIOB
pa3JIMYHON TPUPOBI.

B paszgene 2 npoBenena aHajorust Mexnay psaamMu dypoe
U PA3JIOKEHUEM B PsIbI IO BeilBJIeTaM, BBEJCHbI OCHOBHBIC
ompeJie/icHus] BeHBIIeT-ipeoOpa3oBanus. B pazaene 3 omu-
CaHbl MPU3HAKK U CBOUCTBA (DYHKIMH, C TOMOIIBIO KOTOPBIX
(dhopmupyetcst 6a3uc BeBIET-TIPeOOpa30BaHMS, TPUBEICHBI
npuMepbl HauboJiee 4acTO MCHOJIb3yeMbIX BelBJIETOB. B
pas3zesne 4 mepedrciieHbl CBOMCTBA BEWBJIET-TIpeoOpa3oBa-
HUS, BBEACHBI HEKOTOpPBIE (DU3MYECKHE XapaKTEPUCTUKU U
MOKa3aHbl HEKOTOpPhIE BO3MOXXHOCTH BeHBIIET-aHAJIM3A.
Marepuan ocHOBaH, I'JIaBHBIM 00pa3om, Ha COOpHHUKAX U
MoHorpadusax [2—-4] m upekpacHbIx pabotax WHrpun
Ho6eun (Ingrid Daubechies) [5] u Mapu ®apx (Marie
Farge) [6]. B paznene 5 npuBoAsITCS MpUMEPHI IPUMEHEHUS
BeiiBiIeT-peoOpa3oBaHusl K MOACIbHBIM CUTHAJIAM Pa3JIny-
HOI'O XapakTepa; B pasjeie 6 IpeICTaBJCHbI Pe3yJIbTaThbl
BeliBJIeT-aHAN3a HATYPHBIX BPEMEHHBIX METEOpOJIOTHYe-
CKUX PSIIOB.

2. Ot npeodpazoBanust Pypbe
K BeiiB/IeT-npeodpa3oBaHNIo

Nuterpanproe npeobdbpasoBanne ®ypbe u psgpl Pypbe
SIBJISIFOTCSL OCHOBOW TapMoOHMYecKoro ananuia. [lomyuae-
MbIe B pe3yJibTaTe npeodpa3zoBanust ko3pdunueHTsr Oypbe
MIOATAFOTCSL TOCTATOYHO MPOCTON (HU3NUECKON UHTEepIpeTa-
WU, MPUYEM IIPOCTOTA HU B KOEM CiIydyae He yMaJsieT
BaXXHOCTHU TMOCJICIYIOIIHUX BBIBOJIOB O XapaKTepe HCCIiemye-
Moro curHaja. IIpumeHeHre HHTErpajJbHOro mpeodpa3oBa-
HUs U paaoB Pypre (B BBIYUCICHUSX, AHATUTHIECKIX IPE00-
pa3oBaHMIX) OYEHb HATJISIIHO, BCE HEOOXOAMMBIE CBOUCTBA U
(OPMYJIBI BBIMACHIBAKOTCS C TIOMOIIBIO BCETO JIBYX JIEHCTBH-
TeNbHBIX (DYyHKIUH sin ¢, cOS¢ (WM OJTHON KOMIUIEKCHOH —
CHHYCOMIANBHOI BOJIHBI exp(if) = cost +isint,i=+v—1)n
JIOCTATOYHO JIETKO TOKA3BIBAIOTCS.

BeiiBiieT-npeoOpa3oBanne He TaK XOPOUIO H HIMPOKO
M3BECTHO, TIOCKOJIBKY MPUMEHSIETCSI CPABHUTEILHO HEJTABHO
7 MaTeMaTHYECKHI anmapaT HaXOAUTCS B CTAIUH aKTUBHON
pa3pabotku. [ToaToMy 1tst GOJIBIIIEl HATJISITHOCTH OyaeMm,
cnenys [4], BBOOUTb HEOOXOAMMBIC MOHSTHS BEWBJIET-aHA-
Ju3a, IPOBOJIs AHAJIOTUH U CpaBHEHUs ¢ aHaIn3oM Dypbe,
3HAYNMOCTb U ITPUBJIEKATEILHOCTH KOTOPOTO IS IIUPOKOTO
Kpyra mccieqoBaTesell HEOCHOPUMBI H TPOBEPEHBI BpeMe-
HEM.

OmnpeneieHusl, CBONCTBA M UX CJICICTBUS IPUBOISITCS TS
OJAHOMEPHBIX (YHKIMHA, psSAOB JaHHBIX. [Ipu HEoOXonuMo-
CTH BCE CKA3aHHOE MOXET ObITh 0000I1IEHO HA MHOTOMEPHbIC
ciaydad. sl ONpeneseHHOCTH MBI TOBOPUM O (YHKIUSIX,
3aBUCSIIUX OT BPEMEHH, O BPEMEHHBIX PsaX U, COOTBET-
CTBEHHO, 0 4acTtoTax. OmHAKO 0e3 HapyIIeHUs OOLIHOCTH
He3aBHCHMasl KOOPJIMHATA MOXET OBITh IIPOCTPAHCTBCHHON
(C COOTBETCTBYIOIIMMM BOJIHOBBIMH YHCJIAMHU) U JIFOOOH
pyroi.
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2.1. Paap1 @ypbe

HamoMHAM HEKOTOpBIC MOHSTHS, KOTOPBIC MOHAMOOSTCS
HaMm B janbHeifmem. [ycts L2(0,21) — npocTpaHCTBO
KBaJIPATUYHO HHTETPUPYEMBIX (YHKIUI C KOHEYHOU 3HEp-
rueit (Hopmoit)

21
L }f(t)|2dt<oo, te(0,2n). (1)

D10 — omnpe/esieHne KyCOYHO-HEIpepbIBHOM (yHKImn f{7).
OHa MOXeT ObITh MEPUOJINIECKU PACIIUPEHA U OIpe/esieHa
Ha Bcelt o R(—00, 00) Tak, 4T

flty=ft—2m), teR.

Jro6ast ¢yuxums f(¢) U3 mpocTpaHCTBA 2M-NIEPHOANYE-
CKHX KBaJIpATUYHO MHTETPUPYEMBIX (PYHKIIUH MOXET OBITh
npeacTaBieHa B Buzae pana Oypoe:

A= erexp(in) @)

KoaddunuenTs! ¢, B (2) uMeroT BUL

21

en=(2n)"! J S(t) exp(—int) dt, (3)

0

u psizt (2) paBHOMEPHO cxoautes K f(1):

N 2

flt) — ch exp(int)| dt=0.
Y

21
lim
M, N—oo 0
OTMeTUM, 4TO

wy(t) =exp(int), n=...,—1,0,1,... 4)
eCTh OPTOHOPMHUPOBAHHBINA Gasuc mpoctpanctea L2(0,27),
MIOCTPOCHHBIN C OMOIIBIO MACIITAOHOTO HPeodpa3oBaAHMUS
eIMHCTBEHHON QyHKIuH w(7) = exp(if) TakuM 0Opa3oM, 4To
wy(1) = w(nt).

WUrak, xaxngas 2m-nepuoguveckasi KBaApaTUYHO HHTE-
rpupyeMasi (QyHKIHsIT MOXET OBITh MOJYYCHA CYIEPIIO3H-
nUell MacITaOHBIX MpeoOpa3oBaHMil Oa3MCHOW (QYHKIHU
w(t) = exp(it) = cost+isint, T.e. SIBISETCS KOMITO3HIMEH
CHHYCOUJAJIbHBIX BOJIH C Pa3JIMYHBIMH YacTOTaMH (C K03-
(bunueHTaMH, 3aBUCSIIIIMHA OT HOMEPa TAPMOHHKH).

Hamomuum, 4uto mis koaddumueHToB psinoB Dypbe
BBIMOJIHsICTCS paBeHCTBO [lapceBasis

o0

21
(2n)"! jo =3 el (5)

—00

2.2. Pa3noxenne no BeiiBjaeram

Paccmotpum npoctpanctBo L2(R) dynkuuit f(z), onpese-
JICHHBIX Ha BCeil JeWCTBUTENbHOM ocu R(—o0,00) U 0bia-
JTAFOIIMUX KOHEYHOU 3Heprueit (Hopmoit)

@:rﬁmﬁm<m. (6)

—00

®ynknmonanbHble npoctpanctBa L2(0,2n) u L*(R)
CYILIECTBEHHO PA3JIMYHbI. B 4aCTHOCTH, JIOKAJLHOE CpeHee
3Hauenue Kaxaoi Gynkmuu u3 L?(R) IOIKHO CTPEMHUTLCS K
Hym0 Ha too. CuHycoumajbHasi BOJIHA HE NPHHAJICKUT

l*

L*(R), 1, cie1oBaTEIbHO, CeMeCTBO CHHYCOUIAaTbHbIX BOJIH
W, HE MOXET OBbITh 6a3ucoM (PYHKIIMOHAJLHOTO MPOCTPAH-
crBa L*(R). TTonpo6yeM HaiiTu 10CTATOYHO NPOCTHIE (yHK-
UM 1715 KOHCTPYHpOBaHus 6azuca npoctpanctsa L2(R).

"Bosuel", o6pasyromue npocTpanctBo L2(R), JTOIKHbI
CTPEMUTHCS K HYJIFO Ha 00 U [T IPAKTHYECKUX IIejIeil 1yeM
ObicTpee, TeM Jyullle. PaccMOTpuM B KauyecTBe Oa3MCHBIX
(byHKIHMI BEUBIIETHI — XOPOIIIO JIOKAIN30BAHHBIE COTUTOHO-
nono0HbIe "MalleHbKHE BOJIHLL" (JOCIIOBHEIA HEPEBO CIIOBA
wavelet).

Kak u B ciyyae ¢ mpoctpanctsom L*(0,27), kKoTopoe
MOJIHOCTBIO (POPMHUPOBAJIOCH C TIOMOIIBIO OJHOM Oa3UCHOU
byukuuu w(t), CKOHCTpyUpyeM (GYHKIHOHATIBHOE IPOCTPAH-
ctBo L?(R) Takke ¢ MOMOIIBIO OJHOTO BeitBieta (7).
OTMETHM, YTO 3TO MOXKET OBITH BEUBJIET C OJHOMN YaCTOTOM
wm ¢ HabGopom uacror (frequency bands). Haunem c
JIICKPETHBIX IPeoOpa3oBaHuil.

Kax >xe ¢ moMolpto OBICTPO CTpeMSIIEHCcs K HYJIIO
JIOKAJIM30BAHHON (DYHKIIMU MOKPBITH BCIO OCh R(—00,00)?
Hanbosilee mpocTto 3TO MOXHO CHeJIaTh, NPEAYCMOTPEB
CHCTEMY CHBUTOB (IIEPEHOCOB) BIOJb ocH. Ilycth it
HPOCTOTHI OHU OYIYT HEJbIMHE, T.€. Y/ (1 — k).

BBenem anasnor cuHycommaiabHOW 4acToThl. [jis mpo-
CTOTBl WM OMNPECJCHHOCTH 3alHIlleM €¢ 4Yepe3 CTEeleHH
meolkm: Y (2/t — k), 3meck j n k — nensie wncna (j, k € I).

Takum 06pa3oM, ¢ TOMOIIBEO TUCKPETHBIX MACIITAOHBIX
npeobpaszosannii (1/2/) u cusuros (k/2/) Mbl MOxeM
OMHUCATh BCEC YACTOTHI U MMOKPHITH BCIO OCh, NIMeEsl CIMHCTBEH-
HBII OA3KCHBII BEUBIIET /(7).

HamoMHNM omipeieieHue HOPMBI:

1Pl = (o, p)",

(p.q) = jw p(1)g" (1) dr

—00
(3B63,IIO‘IK‘d 0003HaYaeT KOMILIEKCHOE COl'[pf{)KeHI/IC). CJ'IG,HO-
BAaTCJIbHO,

@' = k)|, = 272y @)l

T.e. ecom BeitByieT Y (¢) € L*(R) UMeeT eAMHUYHYIO HOPMY, TO
BCe BelBIIETHI cemeiicTBa {if; } Buia

Vi) =222t —k), jkel (7)
TAKKe HOPMUPOBAHbI HA eUHUILY, T.€. || [, = [y, = 1.

BeitssieT i € L?(R) Ha3bIBaeTCsl OPTOTOHAILHBIM, €CJIHU
ONpeJIeNIeHHOE COOTHOLIEHHEM (7) ceMercTBO {i; } ipesicTa-
BJISIET COOOH OPTOHOPMHPOBAHHBIA 0asuc (HYHKIHMOHAIIb-
Horo mpoctpanctsa L>(R), T.e.

<lrbjk7 llb/l77> = 5_//51\'111

u kaxaas Gpynknus f € L2(R) MoxkeT GbITh NpecTaBJeHa B
BHJIE psia

00

) =Y ewlo), (8)

Jyk==00

paBHOMEpHAs CXOJUMOCTh KoToporo B L2(R) 03HAYAET, 4TO

N> Ny
lim f—E E kil =0
k .
My, Ny, M, Ny—o0 ai4ar ,
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IIpocreiiiuM npUMEpPOM OPTOTOHAJIBLHOIO BeUBIETa
siseTcss HAAR-BeiiBiieT, HA3BaHHBIM TaK IO UMEHU TPE/I-
JioxuBIero ero Xaapa (Haar), u onpeesisieMblii COOTHOIIIE-
HUEM

1, 0<1<1/2,

-1, 1/2<t<1, 9)
0, <0, t=1.

yr(n) =

Jlerko BuzeTh, 9TO JTIOOBIE 1BE QYHKIUK w;, Y}, mosyuen-
HbIE M3 3TOro BelBjieTa mo ¢opmyse (7) ¢ TOMOIILIO
MacmTabHeIX npeobpasosannii 1/2/, 1/2! u casuros k/2/,
m/2!, OpTOroHaJILHBI U UMEFOT EJIMHUTHYIO HOPMY.

CkoHCTpyupyeM 06asuc (yHKIMOHAJIBHOTO MPOCTPaH-
ctBa L2(R) ¢ IOMOLILIO HEMPEPBIBHLIX MACIITAOHBIX IPE06-
pa3oBaHMil U MEPEHOCOB BeiiBieTa Y/(f) ¢ MPOU3BOJLHBIMU
3HAYEHUSIMHU Oa3UCHBIX TapaMeTPOB — MacIITaOHOTO KO3(-
(unuenTa a v napamMeTpa caBura b:

bl =l 20 ("L) . wber. werm). (0

Ha ero ocHoBe 3amuiiieM MHTErpajbHOE BEWBJIET-IpeoOpa-
30BaHHE:

Wof) @) =12 [ fow (ﬂ) dr =

—00

| nwwa (1)

—00
[IpoBoas JadpHEHIIYIO aHAJIOTHIO C MPeoOpa3oBaHuEM
®ypre, koaddunuents ¢ = (f, ;) paznoxenus (8) GpyHk-
e f B psSO TO BeiiBiIeTaM MOXHO OINPENEIMTh Yepe3
HHTErpaJibHOE BeiiBIIeT-IpeoOpa3oBaHue:

o= W15 37)- (12)

B nanbHeiieM MHOrJa BMECTO [Wd/ f] (a,b) nast xo3h-
(unueHToB (aMIUIMTY/) BEWBIIET-IPEOOpa30BAHUS UCIIOJIb-
3yroTcs obosHauenns Wia, b) mma Wy, f, umm W f].

Wrak, kaxaas pyskius uz L?(R) MOXET ObITh MOJTyYeHa
Cynepro3uIyeil MacTabHbIX MpeoOpa3oBaHUl M CABUTOB
Ga3UCHOrO BeiiBjeTa, T.€. SBJETCA KoMIosuuued '"Beii-
BJETHBIX BOJH" (¢ Ko3pduureHTaMHU, 3aBUCSIIUMH OT
HOMepa BOJHBI (YaCTOTHI, MaciiTaba) U OT mHapameTpa
caBura (BpeMeHH)).

Hcnob30BaHUe TUCKPETHOTO BEHBIIET-IPEOOPA30BaAHUS
(ITACKPETHOTO YaCTOTHO-BPEMEHHOTO MPOCTPAHCTBA B BUJIE
LENbIX CIBUTOB U PACTSKEHMIA IO CTENEHSIM JBOMKM) MTO3BO-
JISIET IPOBECTHU 10KA3aTEIHCTBO MHOTUX TOJIOKEHUN TEOpUU
BEWBJIETOB [2— 5], CBSI3aHHBIX C MOJJHOTON U OPTOTOHAJIHHO-
cThio 0a3uca, CXOMUMOCTBIO PSIOB | T.11. J10Ka3aTeIbHOCTD
9TUX TOJIOKEHUHA HEoOXoauMa, HamlpuMep, NMpU CXKATUU
“HPOPMAIMK WM B 3a7a4aX YHCICHHOTO MOJCINPOBAHUS,
T.e. B Cly4asiX, KOIJla BaXXHO IPOBECTU pAa3JIOXKEHHE C
MHUHAMAJBHBIM YHCJIOM HE3aBHCUMBIX KoddduimeHToB
BeiiBiIeT-ipe0Opa3oBaHms © UMETh TOUHYIO GopMyITy oOpat-
HOTO mnpeoOpa3zoBanus. [Ipy NpUMEHEHUHN BEWBIIETOB IS
aHaJIM3a CHUTHAJIOB HENPEPHIBHOE BEBIIET-IpeoOpa3oBaHue
(11) 6onee yno6HO; ero HEKOTOpast U30BITOYHOCTh, CBSI3aH-
Hasl ¢ HENPEPHIBHBIM M3MEHEHHEM MAaCIITaA0HOTO K03(pdu-
LMEHTA ¢ U TapaMeTpa CABUTA b, CTAHOBUTCS 37ECh MOJIOKH-
TEeITLHBIM Ka4eCTBOM, TaK KaK IMO3BOJISET OoJiee IOJHO H

Y4ETKO MPEJACTABUTH M MPOAHATM3UPOBATH COACPKAIIYIOCS B
JTAHHBIX UHPOPMAIIHIO.

2.3. OdpaTtHoe BeiiB1eT-Npeodpa3oBaHue

CuHycouaJibHasl BOJIHA POPMUPYET OPTOHOPMHUPOBAHHBIN
6asuc (yHKIMOHANBHOTO mpocTpaHcTBa L*(0,21), u
o6paTHbIM TIpeoOpazoBanneM Pypbe mpobiieM HE BO3HH-
kaeT. OpTOHOPMHUPOBAHHOCTH K€ 0a3UCOB MPOCTPAHCTBA
L?(R), NOCTPOEHHBIX HA OCHOBE BEIBIIETOB, ONPEIEISeTCs U
BBIOOPOM Oa3MCHOrO BEWBJIETA, U CIOCOOOM MOCTPOCHHS
6asuca (3HaUeHUSIMH OA3UCHBIX TAPAMETPOB d, b).

Koneyno e, BEHBJIET MOXET CUYMTATHCA Oa3UCHOM
¢yuknueit L?(R) TOIbKO B TOM CIIydae, €CJI IOCTPOEHHBIH
C ero momoinbio 0a3uc OPTOHOPMHUPOBAH W OOpaTHOE
npeoOpa3zoBanue cymecTByeT. OHAKO CTPOTHE TOKA3aTENb-
CTBa MOJHOTHI U OPTOTOHAJIBHOCTH CJIOXKHBI U TPOMO3JIKH,
MPUMEPBI 3TOTO MOXHO BHIETb B [2—5], rae pa3pabaTsbi-
BaeTcs Teopus BeiBieT-npeodpa3zoBanusi. Kpome toro, ais
OPAaKTHYECKUX [EJICH 4aCTO JOCTATOYHO OBIBACT YCTOMIHUBO-
ctu U "npubIM3UTENBHON" OPTOrOHAJBLHOCTH CHCTEMBI
(byHKIUIA pa3yioxkeHus], T.e. JTOCTATOYHO, YTOOBI OHA ObLIA
"moutn Gasmcom". Kak mpaBuiio, s aHajM3a CHIHAJIOB
UCIIOJIL3YIOTCS Takue ""mouTn GasucHble" BEMBIICTHI.

3a mOApPOOHBIM H3JIOKEHHEM U [I0Ka3aTeIbCTBAMU
OTOIIJIEM K yX€ UTHPOBAHHBIM paboTaM, 37eCh e BBIMH-
meM oOpaTHOe mpeoOpa3oBaHUE JIAIIL IS TeX ABYX CIIY-
YaeB, YTO ONMMCAHBI BhIIE: i O0asuca (7), JOMYCKAIOIIETO
pactupenust u cusuru (1/27, k/2/), jk € I, u 6asuca (10),
HOCTPOEHHOTO TPH HPOM3BOJIBHBIX 3HauYeHusx (a,b),
a,b € R.

Ipu Gasucubix napamerpax (a,b), a,b € R obpatHoe
BeliBJIeT-IipeoOpa3oBaHme 3aMUChIBACTCS C MOMOIIBIO TOTO
xe 6asuca (10), uto u npsmoe:

dadb

710 = ¢ [l <5 (13)

Cy — HopMasm3yromui K03 pUIMEHT (aHATOTUYHBIA KO3(]-
(unuenTy (Zn)l/z, HOpMaJIU3YIOIIeEMy IMpeoOpa3zoBaHue
Odypre):

Cy = JOC !&(w)|2\w|_l dw < 00

—00

(xphlIlIeuKoii cBepXxy 0003HaYaeTCs Pypbe-o0pas).

Vcnosue xoHeyHOCTH KOHCTaHThI Cy OTPaAaHMYHUBAET
knace pynxuuit (1) € L?(R), KOTOPBIE MOTYT OBITh UCTIOJTb-
30BaHBl B KauecTBe Oa3WCHBIX BeiBIeTOB. B wacTHOCTH,
OYEBHJIHO, YTO 00pa3 Pypbe i/ TOKeH ObITh PaBEH HYJIIO B
HavaJle KoopauHaT w = 0 U, cJIeI0BaTEIbHO, TOJDKEH OBITh
paBeH HYJIIO IO KpaiiHel Mepe HYJIEBO MOMEHT:

ro Y()de=0.

—00
Yariie Bcero B IPUIIOKEHUSX JOCTATOYHO PACCMOTPEHHSI

TOJIBKO TOJIOKHUTEJIBbHBIX YaCTOT, T.€. @ > (; BEeHBIET, COOT-
BETCTBEHHO, JOJIKEH yIOBJIETBOPATH YCIOBUIO

Cy= ZJ:OM(w)fw*l do = 2Jj’$(—w)’2w71 do < oco.

B cityuae quckpeTHOTO BEeWBIIET-TIPeoOpa30BaHUs yCTOM-
YHBBINA Oa3HC OIpPEeNeIsIeTCs CIIEAYIOIIM 00pa3oM.
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®ynkiua Y € L2(R) HaspiBaeTcss R-QyHkuuei, ecim
6asuc {y; }, ompenenennblii Boipaxenuem (7), SBIASETCSA
6a3ucom Pucca (Riesz) B TOM CMBICITe, YTO CYIIECTBYIOT JIBE
KOHCTAHTHI A U1 B, 0 < A < B < 00, IJII KOTOPBIX COOTHO-
IIeHUE

Al{ea}|]s < Z Z /kl/’/k < B|[{ci}3

J=—00 k=—00 2

BBITIOJIHSIETCS TIPH JIFOOOM (OrpaHUYeHHOM, TBAXKIBI KBaIpa-
THYHO CyMMHPYEMOI) HOCIIEIOBATEIBHOCTH { ¢k }:

Z Z el

Jj=—00 k=—00

||{ka}|

Jlns mo6Goit R-pymkmmu cymectsyer 6asuc {y/*}
"soitnuk" Gasuca {;} (B Tom cmbicie, uTO (Y, Y) =
= 010km), C TTOMOIIIBIO KOTOPOT'O MOXHO HOCTPOUTH PEKOH-
CTPYKIIHOHHYIO (POPMYITY

o0

D L™ ().

k=00

J) = (14)

Ecmm y — OpTOFOHdJ’IbHLII/I BelBJIET U {1/ } — OpTOHOD-
MupoBaHHkIit 6asuc, To {/*} u {4} coBnanarot u popmy.ia
(14) sBasiercs popmyJioit oOpaTHOTO IpeodpazoBanus. Eciu
) — HE OPTOTOHAJIBHBIN BEUBJIET, HO SIBJISIETCS JBYXMECT-
HbIM MM mapHeIM R-sefiBnetom (dyadic wavelet), To ou
UMeeT ABOMHMKA Y/, C TOMOIILIO KOTOPOTO ABOMHHUK CEMENi-
cTBa {; } cTpoutcs nogobuo Gasucy (7):

Tk = — 22y (2] i

W) = (1) =292 = k), kel (15)
B oOmem xe ciydae pexkoHCTpykiuoHHasi ¢popmyia (14)
Jaxe He 0053aTeNbHO ABJSETCS BEUBIET-PSAIOM B TOM
CMBICJIE, UTO 1// He sByIsieTCs BeitBieToM U { X} Moxer me
UMETh Oa3uca-IBOHHUKA, TOCTPOCHHOTO 10 THy (10).

2.4. YacTOTHO-BPEMEHHASN JIOKAIM3 AL

ITpeoOpazoBanue Oypbe u psaabl Dypbe SBIASAOTCSA TPEKpac-
HBIM MATEeMAaTHUYECKUM alapaToM st GU3nIecKoit nHTep-
MpEeTaIMK MPOIECCOB MPH aHAJIN3E XaPAKTEPU3YIOIIUX UX
curaanoB. OJHAKO WHOTIa OHM OKAa3bIBAIOTCS HEIOCTa-
TOYHO 3 (HEKTUBHBIMH.

PeanpHBIii curHas Beeraa (WU, Kak MPaBUiIO) IpUHAIIC-
*uT npoctpanctBy L?(R). [Tpeobpazosanue ®yphe curnana
f(t) ¢ xoHeuHOU >Hepruei, ompeneneHHoi Hopmoi | f,,
TIPEACTAaBIISICT COOOM CIEKTP 3TOTO CHTHAJIA!

(o0}
flw) = j 1(t) exp(—iwd) di.
—00

B HekoTopeIx cimydasx ¢usmueckass MHTEPHpETanus C
MOMONIBIO 3TOW (HOPMYJIBI ObIBAET 3aTpyIHHUTENbHA. Tak,
YTOOBI OJIYYUTh CIEKTPAIbHYI0 HHPOPMAIIUIO HA BHIOpaH-
HOI YacToTe, HEOOXOIMMO UMETDb M MPOIILIYIO, U OYAYIIYIO
BpEMEHHYIO0 HMH(pOpManuio; Kk ToMy ke (Gopmysia He y4u-
TBIBAET, YTO YACTOTA MOXKET IBOJIFOIIMOHUPOBATH CO BpeMe-
HeM. [IpeobpasoBanme ®Pypbe, Hampumep, HE OTJINYAET
CUTHAJI, IPEJCTABIISIONINN COO0 CyMMY ABYX CHHYCOHI C
pa3HBIMH YACTOTAMM, OT CHTHAJa, COCTOSIIEr0 U3 TeX XKe
CHHYCOWJI, BKJIFOYAFOIIMXCS TIOCIICIOBATEILHO OTHA 32 JIPY-
ro#i (mpuMep pacCMOTPEH B pasjelie 5).

Kpome Toro, m3BecTHO, YTO 4acTOTa CHTHaja OOpaTHO
MPOTOPIMOHAIIbHA €T0 MPOIOJDKUTETHHOCTH. [1loaToMy s

MOJIYYCHUSI BBICOKOYACTOTHOUW WMHMOPMAIUU C XOpOIlei
TOYHOCTBIO Ba)KHO U3BJICKATH €€ M3 OTHOCHUTEIBHO MaJbIX
BPEMEHHBIX HHTEPBAJIOB, & HE M3 BCErO CHUI'HAJIA; U HA000POT
— HU3KOYACTOTHYIO CIEKTPAJBbHYIO WHPOPMAIMIO W3BJIE-
KaTh U3 OTHOCUTEJILHO IIHPOKUX BPEMEHHBIX MHTEPBAJIOB
CHTHaJIA.

YacTh ONMUCAHHBIX TPYIHOCTEH CHUMAETCS IIPU UCIOJIb-
30BaHUU OKOHHOTO mpeoOpazoBanust Pypbe. OmHako Oec-
KOHEYHO OCIWLIMpyromas Oa3ucHas (QyHKIMS (CHHYCO-
HUJATbHAS BOJHA) HEe MO3BOJISIET MOJIYYATh IMO-HACTOSIIEMY
JIOKAJIM30BaHHYIO HHpOpMAIHIO. DJIeMeHTOM 0a3uca BeiB-
JIET-IPe0OPa3OBaHUs SIBJISICTCS XOPOIIO JIOKAJIM30BaHHAS
(yHKIMS, OBICTPO CTpeMsIlasics K HYJIO BHE HEOOJBIIOrO
HHTEPBAja, YTO MO3BOJIAET MPOBECTH 'JIOKAIU30BAHHLIM
CIIEKTPaIbHBINA aHaIu3" — CMBIC 3TOr0 HECKOJBKO CTpaH-
HOTO COYETAHUS CJIOB CTAHET SICEH U3 JalibHelero. MHpMu
CJIOBaMH, BeHBIIET-IIpeoOpa3oBaHNe aBTOMATHYECKH 00Ja-
JIaeT MOJBMKHBIM YAaCTOTHO-BPEMEHHBIM OKHOM, y3KHM Ha
MaJbIX MaclTadax U IUPOKUM Ha OOJIBIINX.

KakoBbl ke mapamMeTpbl 4aCTOTHO-BPEMEHHOIO OKHA
BeliByeT-peobpaszoBanus’ [lockonbKy n cam BEUBJIET Y, U
ero Qypbe-o0pa3 Y JOCTATOYHO OBICTPO CHAJAOT, OHHU
MOTYT OBITh HCHOJB30BaHbI Kak "OKOHHbIE (QyHKIMH" C
"meurpom" u "mmpuHO", OnpemeISEMBIMU CIIELYFOLIM
obpazom.

Juist HeTpuBHAIBHOW OKOHHOM (yHKIMM z(f) € L2(R)
(neobxoaumo, 4TOOB! GyHKIMS 1z(Z) TAKXKe MpUHAJJIEKATA
L*(R)), ee ueHtp (f) u paguyc A. onpenensrorcs GopMyIaMu

(=1 f =0 dr,

121>

1 o 2 > V2

Az:—U (1= (0|0 de|
lIzll2 1J-o

MIPH 3TOM IIUPUHA OKOHHOW (DYHKIIMHU €CTh 24..

Hycrs (1), 4y, (w), 4; — ONpEAeICHHBIC O 3THM
(Gopmyram TEHTPBI U PaJMyChl BEUBJETA |/ U €ro (yphe-
obpasa Y cooTBeTCTBEHHO. Torjia MHTErpaJibHOE BEWBJIET-
npeobpa3zosanue (11) orpanuyero "BpeMeHHBIM OKHOM"

[win,] = [b+ a(t) — 2ady, b+ a(t) + 2ady] (16)
T.€. IMEET MECTO BPEMEHHASI JIOKAIU3AIIS C IEHTPOM OKHA B
b + a(t) v mmpunoi okHa 4ady.

Beenem ynkumio 7(w) = (w + (w)), KoTopas Takke
SABJISIETCS OKOHHOM (DYHKIIHEH C IEHTPOM B HyJIE M PaIyCOM
4. Bocnons3zosapumck pasencTBoM (f,g) = (f, §)/2x,
MOJHO 3alHCATh MHTETPajibHOE BEHBJIET-MIPeoOpa3oBaHme

(11) st pypre-o6pasa f B BumE

W) =la"* | fio)expibon ( {w - @] ) do>
(17)

Eciu oTBiieubcst 0T (a30BOro CABUTA, TO CTAHET OYEBUI-
HBbIM, 4TO mpeodpa3oBanue (17) maer m o cmektpe f(w)
currana f() nokaiu3oBaHHYI HHbOpMANUIO ¢ "4acToT-
HBIM OKHOM"

(@ 1 (o) 1

A, —+—-4.1. 18
I +(1 ‘/‘ ( )

[wino] = a a ¥ a

YacTOTHAS TOKATA3AIHAS IPOUCXOAUT OKOJIO IIEHTPA OKHA B
(®)/a ¢ LMpUHOI OKHA, PABHOM ZAJI/a.
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3aMeTHM, 4YTO OTHOIIEHHE LEHTPAJIbHON 4YacTOTHI K
LLIUPUHE OKHA,

N

(@) <2Aw) _ (o)

- ’

a a 2A¢

HE 3aBHCHUT OT MECTOIOJIOKCHUS IIEHTPAJIbHON YacTOTHI, a
4aCTOTHO-BPEMEHHOE OKHO [win,| - [win,], nMeromee mio-
manb 444 j» CYKaeTes npu BBICOKOH IEHTPAJIBHOMN 4aCTOTE
(®)/a v pacimpsieTcst Ipu HU3KOM (puc. 1a).

a ay b - - - - -

a 1/a __/__
i AkE

“m‘— At

a 1/a;

k k
ky P77

bl
¥

YOOI TSI

ky L2277 777

Puc. 1. YacTOTHO-BpEeMECHHAS JIOKAJIN3ALHS IPEOOPA30BAHUI C PA3HBIME
aHaym3aTopaMu: (a) BeilBieTsl, (6) rapmonukun dypwe, (B) (yHKIUM
Illennona.

Jis cpaBHeHMs Ha puc. | Toka3aHa JIOKaJM3aIds B
JaCTOTHO-BPEMEHHOM IIPOCTPAHCTBE INPEOOpa3oBaHUil ¢
JPYIUMH QHAJM3UPYIOIUMHI (YHKIMSIMHI: IPeoOpa3oBaHus
®ypre (puc. 16) u npeobpazoBanus lllennona (Shannon),
AHATM3UPYIOLIEH (YHKIMEH KOTOPOTO SBisieTcs (YHKITHS
Hupaxka (puc. 18).

N3 pucynka | BugHO, uto mpeoOpazoBanue Dypne
XOPOIIIO JIOKAJIM3YET YACTOTY, HO 6e3 BpEMEHHOT O paspelire-
Hus; npeoOpa3oBanue llleHHOHa He oOJiajaeT 4YaCTOTHOU
JIOKaJIM3a1nueii; BeHBJIET-IpeoOpa3oBaHuEe HUMEET IMOIBUXK-
HOE OKHO, JIOKQJM30BAHHOE OKOJIO BBHIODAHHOTO MOMEHTA
BPEMEHH W DPACIIHPSIOIIeecs C pOCTOM Macirada, 4To |
SIBJISIETCS HauOoJIee JKEeJATeIbHBIM TPU TOJYYSHUH CIICK-
TpajabHO# nHpopManuu. OnpeaesseTcs 3To TeM, 4YTo 0a3uc-
HbIMHU (YHKIMSIMH NIE€PEUYUCIEHHBIX BBIIIE MPeoOpa3oBaHul
SIBJISIFOTCSI COOTBETCTBEHHO JIOKATM3YIOIIAS TOJLKO YACTOTY
CHHYCOHMIAJIbHASl BOJIHA, JIOKAJHU3YIOIIAsl TOJBKO MOMEHT
BpeMeHnr (pyHknus Jupaka U 10CTATOYHO XOPOIIO JOKAIH-
3YIOUMI U MaclTad, # MOMEHT BPEMEHHU COJIMTOHOIO00-
HBIU BEUBIIET.

JJ1st TeMOHCTpaluy MPEeUMYIIECTB BeHBIIeT-IpeoOpa3o-
BAHUS KaK METOJA JIOKAJIM30BAHHOTO CIEKTPAIBHOTO aHa-
Jin3a, IpoBeIeM CpaBHEHHUE BeiBieT-1ipeodpazoBanus (11) ¢
YACTO UCIIOJIB3YEeMBIM JIJIsl aHAJIN3a CHTHAJIOB OKOHHBIM, WJIH
KOPOTKOBPEMEHHBIM, IpeobpazoBanuemM Pypre

Flw,b) = [f(t)z(t — b)exp(iwt) dt

— nupeoOpa3oBaHMEM CHTHAJIa, YMHOXXCHHOTO IIpeIBapu-
TEJIbHO Ha OKOHHYIO QyHKIuio z. Takum obpaszom, F(w,b)
€CTh pa3JIOKEHUE CUI'HAJIA [0 ceMeiicTBY QyHKImi z(1 — b)
x exp(iwt), 0OpazoBaHHOMY U3 eIMHCTBEHHON (yHKIMHM z (1)
C TIOMOIIBIO TEPEHOCOB h BO BPEMEHH M MEPEHOCOB ) IO
4acTOTE, B TO BpeMs KaK pe3yJIbTaT BeHWBICT-IIpeoOpa3oBa-
Husi W(a,b) ecTb pa3joXeHHE CHTHAJIA [0 CEMEUCTBY
¥ ((1 —b)/a), obpasoBaHHOMY U3 eAMHCTBEHHOI (yHKIMH
(1) ¢ HIOMOILBIO NEPEHOCOB H BO BPEMEHHU U PACTSIKEHUI ¢
TakXe BO BpeMeHH. BeifBireT-peoOpazoBaHme peIcTaBiIseT
c000ii kKak ObI HEMPEPBIBHBIM OAHK OKOHHBIX IpeoOpa3oBa-
Huil @ypbe ¢ pa3INUHBIMU OKHAMH TSI KQXKION 4aCTOTHI.

Taxum oOpa3om, Oa3ucHble GYHKIIUA OKOHHOTO MpPeo0d-
pasoBanust Oypbe UMEIOT ONHO U TO K€ pa3pelleHHUe IO
BpeMeHH ¥ yacTore (z(7),Z(w)) /s BCeX TOYEK MIIOCKOCTH
npeoOpa3oBaHusi, B TO BpeMsi Kak Oa3ucHble (YHKIUU
BeiBIIeT-TIpeoOpa30BaHMsI IMCIOT YMEHBIIIAFOIIIEECs C MaCIII-
TaGOM ¢ pasperenne mo Bpemenn ((t/a)) u yBenmumMBaro-
1ieecsi ¢ MacIITaboM a pasperienne no yacrore ((aw)). dto
CBOWCTBO BEWBJIET-IPEOOPA30OBAHMS JAeT eMy OOJIbIoe
IPENMYIIECTBO NP aHAJIN3E CHTHAJIOB, TaK KaK OBICTpBIE
BapUalUl CUTHAJIOB (BBICOKOYACTOTHBIC XapaKTCPUCTHKH)
XOPOIIO JIOKAJM30BAaHbI, a [UJIsl BBISBJICHUS MeEIJICHHO
MEHSIFOIIHAXCS XaPAKTEPUCTUK TOCTATOYHO XOPOIIETO HU3KO-
YaCTOTHOTO pa3peliieHus. BeliBieT-npeoOpa3oBanue, obJia-
JTafoIIiee OIBIKHBIM YaCTOTHO-BPEMEHHBIM OKHOM, OJTUHA-
KOBO XOPOIIIO BBISIBJISIET W HU3KOYACTOTHBIE, M BBICOKOYA-
CTOTHBIC XapaKTEPUCTHKH CUTHAJIOB.

Hanomuum, uto npeobpazoBanue Pypbe psiga JaHHBIX C
PAaBHOMEPHOW UCKpETU3aIMeld Mo BpeMeHu At HE MOXKET
JOCTHYh JUCKPETU3ANMH IO YacTOTe OOJIbINe, YeM
Aw = At/2 (vactora HaiikBucTa, 1eMOHCTPUPYIOLIAS YacT-
HBII CJTy4yail MPUHIUIA HEONPEIEICHHOCTH MEX/Ty BPEMEH-
HOHM M YaCTOTHOM JIOKAJM3anusiMu). AHAJIOTUYHOE O PAHH-
YeHHME [JIs BEWBICT-IPeOOPa30OBaHUS MOXHO BBIPA3UTh
cootHomeHneM ArAw > (41) '

Jlerko BUIETH, UTO OMHCAHHBIC MIPEUMYIIECTBA BeWBIIE-
TOB OKAXYTCSl YPE3BBIYANHO TMOJIE3HBIMH HE TOJBKO JUIS
aHaJIM3a CJIOXKHBIX CHTHAJIOB, HO M IPU PELICHHH YypaBHE-
HUH, ONUCBIBAIOIIMX MPOIECCHl CO B3aUMOACUCTBUSIMU BO3-
MYILICHUI Pa3HBIX MACIITA0OB.

3. ba3uchble pyHKIMHE BeiiBJ/IeT-IpeoOpa3oBaHust

Ho cux nop TepmuHoM "seliBier" 6e3 onpenesenns o603Ha-
4aJlaCh HEKasi COJMUTOHOMOMOOHAsT (pYyHKIHUS, BBOIHIIUCH
CBSI3QHHBIE C HEIO TIOHSTHS U ONUCBHIBAJIMCH HEKOTOPBIE €€
CBOMCTBA. B iuTepaType Mbl HE BCTPETHIIM OOLIENPUHSITOTO
yIAYHOTO ONpEENIeHns BelBeTa. JJis npuMepa IpUBeEaIeEM
HanboJsiee mpoctoe [3], Ha Halll B3TJISI, U ONUparolieecs Ha
YK€ BBEJICHHBIE BBIIIIE TOHSITHS.

3.1. Onpenenenue BeiiBiera

JTrobas nokammzosannas R-pynkuus iy € L*(R) Ha3biBaeTcs
R-BeliBneToM (uin pocto BEUBJICTOM), €CJIM IJIsl Hee Cy-
IecTBYeT QyHKUMS |/ € L?(R) (ee mapa, A1BOMHHUK) TaKasi, 4TO
cemeiictba {; } u {y; }, nocrpoennsie cornacho (7) u (15),
SIBJISIFOTCSL MApHBIMHU Oa3ucamMu (QyHKIIMOHAJIBHOTO HPO-
crpanctsa L*(R).

Kaxaplii TakuMm oOpa3om onpenesieHHbIH BeilBieT VY,
HE3aBHCHMO OT TOT'0, OPTOTOHAJIBHBIA OH WJIM HET, O3BO-
aset mobyro Gynkuuio f € L*(R) npeicTaBuTh B BUIE pAa
(8), xO3(pPUUEEHTEI KOTOPOrO ONPEACIISIOTCS UHTErPalb-
HBIM BEHBIIET-TIPe0Opa30BaHUEM f OTHOCHTEIBHO V.
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BeiiBner-nBoitHuk zz —— C/IMHCTBEHHBI U CaM SIBJISETCS
R-etiBnerom. [1apa (i, /) cCAMMETPHYHA B TOM CMBICIIE, 4TO
\/ B CBOIO Ouepe/Ib SBJISCTCS JIBOMHUKOM JIJIS V).

Ecin R-peiiBriet v 06J1a1aeT CBOMCTBOM OPTOTrOHAJIBHO-
cru, To Y =, u {Y; } = {Y; } — oproronansusri 6asnuc.

JU1si MHOTMX TPaKTHYECKUX LEJIe JOCTATOYHO, YTOOBI
BEHBJIET Iy 00181271 CBOMCTBOM MOJIyOPTOTOHAJILHOCTH, T.€.
uToObl ero Gasuc Pucca {/;} yIOBIETBOPSI yCIOBUIO
<lp_/'/c,lr//lm> =0npuj=1jklmel

R-BeliBieT Ha3bIBaeTCs HEOPTOTOHAJIBHBIM, €CJIM OH HE
SABJISETCS.  HOJyOPTOrOHAJIbHBIM  BeliBieToM.  OnHako,
Oynyun R-BeliBeTOM, OH MMeeT ABOWHMKA, W mapa (Y, )
JI@eT BO3MOXKHOCTh chopmupoBaTh cemeiicTBa {Y;} u
{¥}., ynosneTBopsomue yCI0BHIO OHOPTOrOHAIBLHOCTH
(Wics Win) = 0jiSkms J,k,1,m € I 1 nO3BOINISIOIME TOCTPOUTH
MOJTHOIICHHBIE DSl MO BEWBJIETAM M PEKOHCTPYKIIMOHHYIO
dhopmymy.

C HEeoOX0AMMOCTBIO MIMETh 00paTHOE BEHBIIET-TIpeoOpa-
30BaHue (MJIM PEKOHCTPYKIMOHHYIO (HOPMYILy) CBS3aHO
0OJIBIIMHCTBO OTPAHUMYCHUH, HAKJIAILIBAEMBIX HA BEUBIICT.

3.2. Ilpu3naku BeiiBieTa
JJ1s. pakTUIeCKOro MPUMEHEHHs] BaXXHO 3HATh NMPHU3HAKHY,
KOTOPBIMU 005132 TEIHLHO JI0JDKHA 00104 Th PYHKIUSL, YTOOBI
OBITH BEHBIIETOM; IPUBEIEM HX 3/1€Ch, & TAKKE PACCMOTPHM
B Ka4eCTBE MPUMEPOB HEKOTOPBIE XOPOIIIO U3BECTHBIE (DYHK-
UM U KX COOTBETCTBUE ITUM HEOOXOIMMBIM IIPU3HAKAM.
Jlokaim3amus. BeiiBier-ipeoOpa3oBaHue B OTJIMYHE OT
npeobpa3oBanuss Pyppe HCHOJNb3YET JIOKAJIU30BAHHYIO
Oa3ucHyro QyHKIUIO. BelBieT MOJIKeH ObITh JIOKAJTU30BaH
¥ BO BpEMEHHOM IPOCTPAHCTBE, 1 TIO YaCTOTE.
HyueBoe cpennee:

ro Y(r)de=0. (19)

—00

YacTo Il MPHIOKEHUN OKa3bIBACTCS HEOOXOIUMBIM,
4TOOBI HE TOJILKO HYJIEBOW, HO W BCE MEPBBIC /71 MOMEHTOB
OBLIIM PaBHBI HYJIO:

r@ ™ty de = 0. (20)

—00

Taxoil BEeHBJIET HA3BIBAETCS BEUBJIETOM mM-TO MOPSAKA.
OO6nanaroue 00JIBIIMM YHCIIOM HYJIEBBIX MOMEHTOB BEWB-
JIETHI TTO3BOJISIIOT, UTHOPHUPYST HanboJiee peryJisipHble TMOJIH-
HOMHUAJIbHBIE COCTABJISIOIINE CUTHATIA, AHAJIM3UPOBATH MEJI-
KoMacmTabHble (QIyKTyanmuu U 0COOEHHOCTH BBICOKOTO
TOpSIaKa.

OrpaHn4eHHOCTB:

J|1//(t)\2dt <. (21)

OrneHka XOpolleil JIOKaJU3alud W OTrPaHMYCHHOCTH
MOXET OBITH 3alKcaHa B BUE
n —1 4 -1
(] < (1+1") wi |Y(w)] < (1+ [k — "),
3]1ECh W) — JOMHHAHTHAs 4aCTOTa BEWBJIETA, YUCJIO 7
JIOJIKHO OBITH BO3MOKHO OOJIBIIINAM.
ABTOMOIe/IbHOCTH 0a3nca. XapakTepHBIM MPUIHAKOM

ba3uca BeHBJIET-NPEOOPA3OBAHUS SIBJISETCS €r0 CaMOTIOI0-
6ue. Bee BelBIIETHI TAHHOTO CEMENCTBA 1/, (1) IMEIOT TO XKe

YUCIIO OCHWJLISIUMA, 4TO W Oas3ucHbIi BeiiBier (f), mo-
CKOJIbKY TOJIyYEHBI U3 HEro IOCPEACTBOM MACIITAOHBIX
npeoOpa3oBaHuii U caBUroB. biarogaps 3TOMy BeWBIIET-
mpeoOpa3oBaHWe C YCIEXOM MPHMEHSETCS ISl aHajIu3a
(bpakTaJIbHBIX CUTHAJIOB (CM., Hampumep, [7]).

Cka3aHHOE BBIIIE MOXHO MPOUJUTFOCTPUPOBATH MPHMe-
pamu u3 [6], rae npuBeneH psn GYHKIMA UM UX 0Opa3oB
Oypre. [11s cpaBHEHHUs CPeJId MPUBEICHHBIX (DYHKIMI €CTh
W BeWBNEThl, W (GYHKIHH, KOTOPHIE MO TEM WU HHBIM
MPUYMHAM BEWBJIETAMH OBITH HE MOTYT.

Hanpumep, O-QyHKIHMS ¥ CHHYC HE YIOBJIECTBOPSIIOT
HEOOXOAMMOMY YCJIOBHIO OJTHOBPEMEHHOI JIOKAIU3aluu BO
BPEMEHHOM MPOCTPAHCTBE U B NPOCTPAHCTBE YaCTOT:
XOPOIIIO JIOKAJIM30BaHHASI B [-IIPOCTPAHCTBE O-(PYHKIUS HE
00J1a/1aeT 3TUM CBOMCTBOM B K-TIPOCTpPAHCTBE; HAOOOPOT,
XOPOIIIO JIOKAJIM30BAHHBIA B Kk-POCTPAHCTBE CHHYC HE
o0Jy1aaeT 3TUM CBOMCTBOM B /-IIPOCTPAHCTBE.

Oynknus Nabopa

. . (1—19)* 1

G(1) = exp[iQ(t — t9) — 1] exp {— 552 ] 7
o a(2m)

IpeacTaBisieT coboil moaynupoBanuyto pynkuuto I"ayceca ¢
YeTHIPbMS ITapaMeTpaMu: CABHUT fj, CTAHIAPTHOE (CpemHe-
KBaJpaTHYHOE) OTKJIOHEHHE ¢, 4acTOTa MOAYJISIINHA Q U
¢dazoBerit capur ). Paznoxenne mo ¢pyHkmusm [Mabopa
SIBJISIETCS] PA3JIOKEHUEM 110 MOJ1yJINPOBAHHBIM (pparMeHTam
cunycouna. JjuHa ¢GpparMeHToB U1l BCEX YacTOT MOCTOSIHHA,
4TO AaeT PA3JIUYHOE YUCIIO OCHMILISIUE 151 pa3HbIX TapMO-
HuK. OTCIOIA CIIEYeT, YTO JOCTATOYHO XOPOIIO JOKATH30-
BaHHAasl W B /-, U B k-npocTpaHcTBe QyHkmms ['abopa He
MOXeT ObITb Oa3ucHOU (yHKIMEH BeWBJeT-peoOpazoBa-
HHS, TIOCKOJIbKY HMOCTPOEHHBIM Ha ee OCHOBe Oa3uc He
obJ1aiaeT CBOHCTBOM CaMONO00MS.

HAAR-BeiiBneT (cM. popmyiy (9)) — npumep optoro-
HaJIBHOTO JIHMCKPETHOTO BEHBJIETA, MOPOXIAIOIIETO OPTO-
HOpMHpOBaHHBIA Oa3uc. Hemoctatkamum s3TOro BeiiBiera
SIBJISIFOTCSl HETJIAJIKOCTh — PE3KKe T'PAHUIbI B (-IIPOCTPAaH-
CTBE, BCJIEICTBUE YEI'O BO3HUKAIOT OeCKOHEuHble (yObIBaro-
mue kak k') "xBocTeI" B k-TpoCTpaHCTBE, a TaKXKe HECHM-
MeTpust GopMbl. [JIsi HEKOTOPBIX MPHUIOKEHUH 3TH HEI0-
CTaTKA HECYIIECTBEHHBbI, a WHOTJAa OJHOCTOPOHHOCTH
BeBJIETA JakKe CTAHOBHUTCS JOCTOMHCTBOM. Yacto mpume-
HSIETCSI OYEHb MIOX0XKUHI, TaK)Ke JUCKPETHBII, HO CHMMETpUY-
velii FHAT-BeiiBiieT, OoJjiee H3BECTHBLINM IMOJ Ha3BaHUEM
"®pannysckas mosma" (French hat — moxox Ha IUAMHAD):

L, 1 <1/3,
b= —120 1<l <1,

0. >,
A sink sin3k
i) =300 (SE - 5.

3gpeck O (k) — dynxuus Xesucaiina (@(k) =1 npu k>0 u
O(k) =0mpu k < 0).

FHAT-BeiiB1eT, HEpEryJSpHBIA BO BPEMEHHOM MPO-
CTPaHCTBE W HEIOCTATOYHO OBICTPO CHANAFONIMHA B IPO-
crpaHcTBe 4yacTtoT, u LP-BetiBner (BetiBrner JlutTiaByma-—
IMesm (Littlewood & Paley, cm. [6])), Ha0O60pOT, UMerOIIUI
pe3KO OYEpUYCHHBIC TPAHMIBI B K-IPOCTPAHCTBE U ILJIOXO
CHAJIAFOLIUI B [-IIPOCTPAHCTBE, MOXXHO CYUTATDH TPEICb-
HBIMH CJTYy4asIMH, MEX]1y KOTOPBIMU HAXOISTCS IPAKTUYCCKU
BCE BEUBJIETHI.
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3.3. IIpumepsI BeiiBaeToOpasyomux GyHKImi
ITockoybKy BeHBIIET-TIPe0Opa30OBaHUE €CTh CKAJISIPHOE MPO-
U3BECHNUE AHAIM3MPYIOIIErO BEMBJIETA HA 3aJaHHOM MAC-
mTabe ¥ aHATM3UPYEMOTO curHaia, koadduimentsr W(a, b)
coJIepXaT KOMOMHUPOBAaHHYIO MH(pOpManuio o6 aHaIM3H-
pyroleM BedBJIETe M AHAJIM3UPYEMOM CHI'Halle (Kak W
ko3¢ punuenTrel npeodpazoBanus dypwe, KOTOpbIE cojep-
JKAT HHPOPMAIHMIO O CUTHAJIE U O CHHYCOUIAIbHOI BOJIHE).

Br100p aHATM3UPYIOLIETO BEHBIIETa, KaK IPABUIIO, OIIpe-
JleNIsieTcs TeM, Kakyro HHPOPMAIMIO HEOOXOAMMO U3BJICYb
u3 curHasia. Kaxxaplii BeiiBJIeT MMEET XapaKTepHbIe 0COOCH-
HOCTH BO BPEMEHHOM U B YaCTOTHOM IPOCTPAHCTBE,
MO3TOMY HHOTJA C MOMOIIBIO PA3HBIX BEHBJIETOB MOXHO
MOJIHEEe BBISIBUTH M MOMUYEPKHYTH T€ WJIM WHBIE CBOMCTBA
AQHAJM3UPYEMOTO CUTHAJIA.

Ecim poaoJDKuTh yKe YIOMHUHABIIYIOCS AHAJIOTHUIO C
MaTeMaTH4eckuM '"Mukpockomnom", To mapamerp casura b
(ukcupyet TOUKy (HPOKYCUPOBKM MUKPOCKOTIA, MACIITAOHBIN

K03 (UIUEHT ¢ — YyBeJWYEHUE U, HAKOHEI, BbIOOpOM
0Ga3UCHOTO BEUBJIETA Y OTIPEICIISIFOTCSI ONITHYCCKHUE KaYeCTBa
MHKPOCKOTIA.

BemiecTBeHHbIE 0a3UChl 4acTO KOHCTPYHPYHOTCS Ha
OCHOBE ITPOU3BOAHBIX (yHKIMH ["aycca:

bt = 1 epfen(-5)|.

B0) = i exp ~ "2)

(3mec 0, = 8™[...]/0t™, m = 1). Bosee BBICOKHE HIPOU3BOI-
Hble UMEIOT OOJIbIIE HYJEBBIX MOMEHTOB H TO3BOJISIOT
n3BJIeYb MHPOPMAIMIO 00 OCOOECHHOCTSX 00Jice BBLICOKOTO
MOPSIIKA, COMIEPIKAIIUXCS B CUTHAJIE.

Ha pucynke 2a, 6 moka3aHbl BEHBJIETHI, TOJyYeHHBIC TPU
m=1wu m= 2 cooTBeTCTBeHHO. W3-3a ux (opMBbI NIepBbII
Ha3pBatoT oObHO WAVE-BeiiBiieT, BTopoit — MHAT-
BeiiBner, nau "Mekcukanckas moisma" (Mexican hat —
MOX0X Ha coMOpepo).

MHAT-BeliByieT, WMEIOIMNA Y3KUH SHEPreTUUECKUI
CHEKTP W [1Ba PABHBIX HYJIO MOMEHTa (HYJIEBOW U MEPBBI),
XOPOIIO HPUCIOCOOJIEH ISl aHAIHM3a CIIOXKHBIX CUTHAJIOB.
O06001eHnbIil HA ABYMepHbIH ciiyuait MHAT-BeliBiieT yacTo
WCIONIB3YyeTCsl ISl aHAJM3a W30TPOMHBIX moJieit. Ecim ke
IPOU3BOIHAS OepeTCs JUIIb B OJHOM HalpaBJIeHUH, IOJIY-
qaeTcsl HeM30TPOIHBIA 0a3uc ¢ Xopoled yrioBoi nzbupa-
TeJIbHOCThIO [6]. [Jisi mocTpoeHuss Takoro Oa3uca K mac-
ITA0HBIM TPEOOPA30BAHUSIM M CABUTAM Oa3MCHOTO BEii-
BJIeTa HEOOXOMUMO [00aBUTH ero BpameHue. [Ipu 3Tom
MaTeMaTWYeCKUd MUKPOCKoN (BelBIIeT-IpeoOpa3oBaHue)
MpHOOpeTaeT ele M KavyecTBa IOJIpU3aTOpa C YIJoM
MOJISIPU3AINH, TPOMOPIMOHAIBHEIM YIJIy MOBOPOTA Beii-
BIIETA.

Ha ocnoBe ¢ynxmmm I'aycca cTpouTcs Takke XOPOIIO
n3BectHbIl DOG-BeiiBiet (Difference of Gaussians):

Y (1) = exp (— @) =05 exr><— %) ;

2
|k|

(k) = (21:)1/2 {exp (* %) - exp(72|k\2)] .

IIpumepsl KOMIUJIEKCHBIX BEHBIIETOB TMPUBEIEHLI Ha
puc. 2B,T (OKa3aHbl UX AEHCTBUTEIbHBIE COCTABIISIOIINE).
HaunbGosiee 4Yacto WCHOJIb3YyeMBbI KOMIUIEKCHBIN 0Oa3uc

[VOH 1996
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Puc. 2. TIpumepsl yacTo Hcmosb3yeMbIX BeiiBieToB: (a) WAVE, (6)
MHAT, (8) Morlet, (r) Paul, (x) LMB, (e) Daubechies. IToxa3zans
BEHBJICTH B 3aBUCHMOCTH OT BPEMEHH (JIeBasi KOJIOHKA) M MX 0Opasbl
®dypbe (mpaBast KOJOHKA).

CTPOMTCS Ha OCHOBE XOPOIIO JIOKAJU30BAHHOTO B k- U r-
npoctpaHcTBe BeiiBiera Mopie (Morlet) [1]:

Vo) = explitar) e - 5) |

2
i) = ok exp |- C5].
IJIOCKasl BOJIHA, MOIYJIMPOBAHHASI TAYCCHAHOM €IMHIYHON
mupusbl. Ha pucynke 2B BeiiBiier Mopie nokaszaH ajis
ko = 6. C yBesimueHueMm k( Bo3pacTaer yrjionas n30uparteiib-
HOCTB 0as3yca, HO yXy/IIIaeTCsl IPOCTPAHCTBEHHAS.

YacTo mpuMeHsIEMbIi B KBAHTOBOM MEXaHUKE BEUBJIET
IMayns (Paul) [8]

ll/(t):F(m—&—l)m,

U (k) = (k) (k)" exp(—k)

MOKa3aH Ha pUC. 21 11 m = 4 (4eM OoJibliie 7, TeM OOJIbIIe
HYJICBBIX MOMEHTOB FIMEET BEHBJIET).
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IIpencraBicHHbIE KOMIUJICKCHBIC BEHBIICTBI SIBJISIFOTCS
mporpeccHBHbIME. Tak Ha3bIBAFOTCSI BEUBJICTHI, MMEIOIIUEC
HyJeBble KO3 dunuenTsr Pyphbe MPH OTPUIATETHHBIX 3HAYE-
HUSIX BOJTHOBBIX umcesl. OHU XOPOIIO MPHUCHIOCOOJICHBI IS
aHAJIN3a CUTHAJIOB, JIJISi KOTOPBIX BaXKE€H MPUHIUI MPUYIH-
HOCTH: 9TH BEHBIICTHI COXPAHSIOT HANIPABJICHHE BPEMCHH 1 HE
CO3/aI0T MapPa3UTHONW MHTEP(EPSHINH MEXAY MPOIUIBIM K
Oy IyIIHM.

OTMeTHM, YTO NPU aHAJIN3e KOMIUIEKCHOTO OJIHOMEP-
HOTO CHUTHAJIA WJIA TPU HUCIOJH30BAHUUA KOMILJIEKCHOTO
AHAJIM3UPYIOIETO BEWBJieTa B pe3yJibTaTe BEMBIIET-MPeoO-
pa30BaHUs IMOJIYYArOTCS JBYMEPHBIC MAaCCHBBI 3HAUYCHHIA
MOyJist KOA(PGUIUESHTOB U (Ba3bl:

W(a,b) = |W(a,b)|exp[i®(a,b)] .

Ha pucynke 21,e TpuBeAcHbl MPUMEPHI BEHBIIETOB,
KOTOpBIE YaCTO CIYXKAT OCHOBOM [JIs1 IOCTPOEHHUST OPTOTrO-
HaJIbHBIX JUCKPETHBIX Oa3ucoB (tuma (7)) ¢ MOMOIIBIO
nporeaypsl Mata (Mallat) [9]: LM B-BeiiBiieT, npeaioxeH-
Hblit Jlemapnwe, Meitepom u batiiom (Lemarie, Meyer, Battle)
[10, 11] u omun u3 BeiiBneToB Jlobeun [5]. D10 GuopTOrO-
HaJIbHBIC BEWBJICTHI, UMEIOIIIUE Napy (ABOMHMKA), HEOOXOIH-
MYIO ISl TIOJIy9eHWsS] PEKOHCTPYKIIMOHHON (opmyiel. B
OUTHPOBAHHBIX paboTax TPeACTABIIEHBI APYrHe TPUMEDPHI
TaKUX BEUBJIETOB U CIIOCOOBI X KOHCTPYUPOBAHUSI.

4. CBoiicTBa H BO3MOKHOCTH
BeliBjIeT-Npeodpa3oBaHus

OmHomepHOe mpeoOpasoBanne dypbe maer Takxke OMHO-
MepHYI0 HHPOPMANUIo 00 OTHOCUTEILHOM BKJIaje (aMILIU-
TyAax) pa3HbIX BpEMEHHBIX MacTaboB (yactor). Pedynbra-
TOM BeiiBIIeT-peoOpa3oBaHust OJHOMEPHOTO Psiia SIBJISETCS
JIByMEPHBIIl MAaCCHB aMILIUTY I BEHBIIET-IPeoOpa30BaHUS —
3HavyeHuit ko3punuentos W(a,b). Pacnpenenenne 3Tux
3HAYEHUI B MPOCTpaHCTBe (¢, bh) = (BpeMeHHOI MaciiTal,
BpEMEHHAas JIOKaIM3aIus) JaeT HHPpopMaIuto 00 3BOJIFOLUN
OTHOCHTEJILHOTO BKJIaJJa KOMIIOHEHT Pa3HOro Macuiraba Bo
BPEMEHHU M Ha3bIBACTCS CIIEKTPOM KOA(D(UITMEHTOB BEHBIICT-
npeo6pa3zoBaHus, (4aCTOTHO-) MacHITaOHO-BPEMEHHBIM
CIIEKTPOM WJIM BEHBJIET-CIIEKTPOM (time-scale spectrum, mwim
wavelet spectrum B oTimume oT single spectrum mpeoOpa-
3oBaHus Pypre).

4.1. Cnocodb1 npe/icTaBJ/IeHUs1 pe3yJbTaTOB

Cnektp W(a,b) 0ofHOMEPHOTO CHUrHAJIA IPEICTABIISIET COOOi
MOBEPXHOCTh B TpeXMepHOM mpocTpaHcTBe. CrnocoOsl
BHU3YaJI3AMH 3TOW MHOOPMAIMU MOTYT OBITH pa3jimy-
HbIMHU. BMecTO U300paxeHust MOBEPXHOCTEH 4aCcTO MpeJICcTa-
BJISIIOT WX MPOEKIMU HA IUIOCKOCTh ab C M30JIMHUSIMHU WM
H30YPOBHSIMHE, O3BOJISIFOIIMMHU MPOCICANTH H3MEHEHHE
HHTEHCHBHOCTH aMIUIMTY][ BEHBJICT-IPEOOpa30BaAHUS HA
Pa3HBIX MacIITabax ¥ BO BpEMEHH, a TAKKE KAPTHHBI JIMHHI
JIOKAJIbHBIX 3KCTPEMYMOB 3THX IIOBEPXHOCTEH (TaK Ha3bIBae-
Mbli "sceleton"), YeTKO BBIABJISIOLIME CTPYKTYPY aHAJIU3HU-
pyemoro mpouecca. Tepmun "ckener" mnm "ckeneron"
XOpOIIIO OTpa)XaeT XapakTep KAPTUH JMHUN JIOKAJIbHBIX
9KCTPEMYMOB (CM. MPHUMEPHI), © MbI OYJEM HCIOIb30BATH
€ro il KPATKOCTH.

B Tex ciyuasix, Korma HEOOXOJMMO MOKa3aTb OYEHb
LIMPOKHUI AMANA30H MAaCIITa0O0B, BU3yaau3alus pe3ysibTa-
TOB B JIOrapuMUYECKIX KOOpANHATAX, Hanpumep, (loga, b)
TIPENOYTUTELHEE, YeM B JINHEHHBIX.

IIpomeMoOHCTpHUPYEM CKa3aHHOE Ha HpuUMepe npeodpa-
30BaHMSI KOHKPETHOTO CHUTHaJla, HE Kacasich (U3MYECKOM
uHTepnperanuu. Ha pucyHke 3 mpencTaBiieHbl pe3yIbTaThl
BeiiBiIeT-IipeoOpa3oBaHms BpEMEHHOTO Psijia MOTOKA HOHOB
COJIHEYHOT'0 BeTpa (JIaHHBIE MOJIYYeHBI C TOMOIIBIO Tprdopa
MOHMUTOP [12] Ha cnyTtHuke I[Ipornos-8; pe3ynbTaThl UX
aHaM3a 4YaCTUYHO omnyOsmkoBaHbl B [12]). B BbluncieHusix
ncnons3oBasics MHAT-BeiiBer.

Ha pucynke 3a—B moka3aHbl aHAJIM3UPYEMBIA PSI,
KapTHHA 3HaYeHUH K03((UIMEHTOB BEUBIIET-IpeoOpa3oBa-
HUS U CKEJIETOH B IMPOEKIMSX Ha MJIOCKOCTh ab (BpeMeHHOU
MacmTad, Bpems); 1Mo OcH abCIycC OTJIOKEHO Bpems (Wjin
mapameTp CIBHIa), MO OCH OPAMHAT — BPEMEHHOM MacITal.

a

Puc. 3. [Ipumep BeiiBiIeT-peoOpa3oBaHus peaIbHOI O CUTHaJIa — IIOTOKA
HMOHOB COJIHEYHOr'O BeTpa: (a) aHaJaM3upyemblii curhai, (0) xapTuHa
koo duimentos W(a,b), (B) KapTUHA JIMHHUI JIOKAJIBHBIX IKCTPEMYMOB,
(r) 3aBucuMocTb K03(duimenToB W(a,b) oT BpeMeHH NPH 3HAYCHUSIX
macitaba, OTMEUEHHBIX cTpesikaMu Ha (0), (1) pacupeesieHue IOTHO-
cru sHeprun Ey (a, b) st pparmenta, B3sTOro B pamKy Ha (B).

Ha pucynke 36 TeMHBbIe 00JIACTH COOTBETCTBYIOT T10OJIO-
JKUTEJIBHBIM, a CBETJIbIE — OTPHIATEIHLHBIM 3HAYCHUSIM
W(a,b), OTTEHKAaMHU CEpOro IBeTa B KaXI0W M3 obiacreit
BbIJIEJIEHbI IUaNa30HbI 3HaYeHuit W(a, b). SIcHo, 4To 3HAYe-
HHE aMIUIMTY/IbI BeiiBiieT-npeoOpa3oBanus B Touke (dg, by)
TeM Ooubilie (IO aOCOJIOTHOW BEJIMYMHE), YeM CHIIbHEe
KOPPEJISIIAS MEX/Ty BEHBIETOM JaHHOTO MacIITada M moBe-
JICHUEM CHUTHaJla B OKPecTHOCTH ¢ = by. Kaptuna xoadpdu-
[IUEHTOB JEMOHCTPHUPYET, YTO HPOIIECC COCTABIISIOT KOMITO-
HEHTBI Pa3HBIX MacIITaboB: 3KkcTpemyMbl W(a,b) Habro-
MAIOTCS HA Ppa3HbIX MaciuTadax, WHTCHCUBHOCTh UHX
MEHSIETCSI M CO BPEMEHEM, B C MacCIITaboM.
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Ha pucynke 3B moka3aHa COOTBETCTBYIOLIAsl KapTHUHA
JIMHAN JTOKAJBHBIX 9KCTPEMYMOB — JIMHUHM, OT MacITada K
MacmrTady cCoeIuHSIOMNX IKCTPEMYMBI KaXIOH AeTAJHN MO-
Bepxuoctu ("xonma" wim "Buamunel") oTaensHO. MHOrHe
aBTOPBI MOJIATAIOT, YTO CKEJICTOH HE TOJILKO 4YeTKO W Oe3
JIMIITHUX [IeTajied BU3YaJIU3upyeT CTPYKTYPY aHAJIU3UpYye-
MOTO TIpoliecca, HO de facto conepX T BCIO UHPOPMAIIUIO O
HeM. CIUTOIIHBIE JIMHAU HA PHCYHKE OTMEYAIOT MOJIOKEHHE

JIOKAJIbHBIX MakcuMymoB W(a,b), TOUYeYHBIE — MHHHMY-
MOB.
Mpbl yXe TOBOpWJIM, 4YTO BeiBIeT-npeoOpazoBaHue

pasiaraer aHAJIM3UPYEMBIH MPOLEecC Ha COCTABIISIFOIINE €ro
BOJIHBI, KOMIIOHEHTBHI Pa3HOro MacirTaba u, Kpome TOro,
nqaet "nmokamuzoBaHHyro" BO BpeMeHH WH(DOPMALUMIO O
nporiecce. [OpU3OHTANILHOE CeUeHWE KApTHHBI, MPUBEICH-
HOU Ha puc. 30, Ipy 3aJaHHOM MacITade a IeMOHCTPUPYET
U3MEHEHNE KOMIIOHEHThI BHIOPAHHOIO MaciTada co BpeMe-
HEM; Ha pHC. 3T MOKA3aHO MOBEACHHE TPeX KOMIIOHEHT
BOJIN3M OTMEUYEHHBIX Ha puc. 30 3HA4YeHUH MaciiTabda a.
BeprukanbpHoe ceuenmne kapTUHBI K03(D(UIMEHTOB B HEKOTO-
pBIi MOMEHT BPEMEHU f) IEMOHCTPUPYET MOBEJICHUE MPO-
Iecca B OKPECTHOCTU BBIODAHHOIO MOMEHTA BpPEMEHHU
(MOXHO OIpenesuTh HaJuyhue W HOPSIOK OCOOEHHOCTH,
Ha0Op 3a/IeiiCTBOBAHHBIX MACIITA00B, CM. aHAJIM3 JIOKAJIb-
HOU peryJIspHOCTH B paszjede 4.3).

OOpaTtyM BHMMaHHE Ha TO, YTO 3HAYEHHE aHAJM3HUPYe-
MoO# (DYHKIIUU B TOYKE #( BIHMSICT HA 3HAUYCHUS KOIDDUIICH-
TOB IPe0Opa30BaHUs B PACTYIIUX C MACIITA0OM BPEMEHHBIX
JIMANa30Hax, B TaK HAa3bIBAEMOM YrJy BiMsHHS (puUC. 4a).
SIcHO, 4TO yroj BJMSIHAS BBITJISIIUT WHAUYE, €CJIA MAcCIITa0
MEHSIETCSl He JIMHEHHO, a 10 ApyromMy 3akoHy (torapudmu-
YECKOMY, CTEIIEHHOMY).

to t t,b

a (ao,bo)

]/ 'max
| e =

1 / Mmin

a

Puc. 4. Yrou BiusiHus (a, 6) 1 nostoca BjaUsiHUSA (B).

B cBoto ouepenn, koaddumuent Wia,b) B Touke (ag,bo)
3aBUCHUT OT 3HAUCHUIN YaCTH PsijIa U3 ONPENIEIISIEMOTO TEM XKe
YIJIOM BJIMSIHUSI BpPEMEHHOTO Hana3oHa (Iuamna3oHa MHTe-
TpUpOBaHuUsl) OKoJO by (puc. 40), U aUANa30H 3TOT TEM
Goutblie, yeM OOJIbIIe MacIiTab dy, T.e. BBICOKOYACTOTHAS
(mmm  mMenkomacmtabHasl) WHGOpPMAINHS BBIYUCISIETCS Ha
OCHOBE MaJIbIX OTPE3KOB Psifa, a HU3KOYACTOTHAs — Ha
OCHOBE OOJIBIINX.

MakcHMabHBIA yroJl BIUSHUS (YroJl JOCTOBEPHOCTH)
OTMeYaeT O0JIACTh TOCTOBEPHOCTU — 00JIACTh, BHE KOTO-
poit xoaddunuentsr W(a,b) BBIMUCISIOTCS ykKe MO OTpPE3-

KaM, BBIXOJSIIMM 33 TpaHUlbl psaa (MO AOMOJTHEHHOMY
psay). ITockonbky aHaIM3UpyeMbIid psii BCerJa KOHEUYEH U
HEOOXOAMMO MOJIYYHTh MAaKCUMYM MH(GOpPMAINH, TTOTYYeH-
Hble BHE MAaKCHMAaJbHOTO YyIja BIUSHHUS (C HEKOTOpPOH
OIMOKOIT) MPUOIMKEHHBIE 3HAUCHHS KOOPPHUITUEHTOB 4aCTO
coxpansiroTcs. JIJ1s1 yMEHbBIIICHHsI OITMOKH PSif] TOTIOJTHSIETCS
C YYETOM €ro MoBeAeHUs (CPeAHUM 3HAYEHUEM, U3BECTHBIM
BPEMEHHBIM XOJIOM U T.JI.).

BeiiBeT-npeoOpazoBanmne MOXET OBITh 3AMMUCAHO TAKKE
uepes 06pasel Pypoe curnana f(w) u Belibnera Y (w). Jlerko
[OKAa3aTh, YTO BIIHsIHHE KOMIOHEHTHI Pypbe f(w)) UCTIBITHI-
BarOT Kod(duimenter W(a,b), Haxonsmmecss B TOPU30H-
TAJILHOR TOJIOCE Wmin < AWy < Wmax (PUC. 4B); B CBOIO
ouepesib, Ha Kodbdunuent Wia, b) B Touke (ag,bo) BAUAIOT
Bce KoMIOHeHTHl Dypbe f(w) curHama, aas KOTOPBIX
Wmin < AW < Wpax.

PactBop yria BiMSIHUS M INMPUHA IOJIOCHl BIIMSIHUS
3aBHUCAT OT Oa3ucHOro BeiiBieTa. Tak, HApUMeEp, UCIOJIb-
3yembli MHAT-BeiiBietr (puc. 26) XOpOIIO JOKAJIU30BaH
BO BPEMEHU M HMMEET Y3KHWi JHEPreTHUYECKHU! CHEKTp. DTO
yIayHOE KayecTBO O3HAYaeT, B YACTHOCTH, 9YTO KO-
spdunuentsr W(a,b) 3aBHCAT OT MAaJOro HHTEPBAA
obJylacT 4acTOT BeilBJieTa, T.e. IIMPHHA IOJIOCHI BIIUSHUS
(®min, Wmax) HEBEIHKA.

Bompocel, CBSI3aHHBIE € YHCJIEHHBIMH AJTOPUTMAMHU
ocTaroTcs 3a paMkamMu paboThl. [IpuBeneM JHITL HECKOJIb-
KO KOPOTKHX W TMOJIE3HBIX, Ha HAII B3TJISII, MPAaKTHYECKUX
peKoMeH1au.

JuckpeTHoe BeiBIET-NPeoOpa30BaAaHUE OYEHB XOPOIIO
MPUCTIOCOOJICHO 11 OBICTPOrO YUCJIGHHOTO aJrOpuT™Ma
(cM., Hammpumep, [13]), UCTIOTB3YIOIIEro MUPOKO MPUMEHSIe-
My niporeaypy osicTporo npeodpazosanust dypne (FFT).

HenpepbiBHOE Ipe0Opa30BaHUE BBIMOIHICTCS, KaK Mpa-
BUJIO, IPSIMBIM YHCJIEHHBIM HHTETpupoBanuem. Camas mpo-
crasi (1 ObICTpasi) MPOBEPKA YUCICHHOTO AJITOPUTMA 3aKJIkO-
yaeTcss B BBIYMCIICHUHM BEWBJIET-IpeoOpa3oBaHus (YHKIHA
Hupaka (B pe3yJibTaTe Ha KaXI0M MacITade TOKeH ObITh
MOJIYYCH aHAJIM3UPYIOIMA BeiBieT) wian ¢ynkmun [aycca
(pe3ynbTaT JIErKO MOXHO NOJIY4uTh aHajauTuiecku). [Ipo-
BEPHUTH JOCTATOYHYIO IUIOTHOCTH AUCKPETHU3AIMH MO MACIII-
Taby MOXHO, BBIYHMCIIUB BEHBJIET-NPEOOpA30BAHUE CAMOTO
AHAJIM3UPYIOIIETO BeWBJIeTa M YOCIUBIIHNCH B OTCYTCTBUU
Mapas3suTHBIX JeTaJlel.

Jns nanpHeiero anaau3a Ko3p@uueHToB HaMm MOHA-
JI0OUTCS 3HAHUE CBOMCTB BeliBIeT-peoOpa3zoBanus. Bce oHn
CJIEIYIOT U3 U3JIOKEHHOTO yKe B pa3ee 3 MaTepraa.

4.2. CaoiicTBa BeiiBJIeT-npeodpa3oBaHus

MpbI yxe roBopuin, 4To ko3 dunueHTs BeiBieT-npeodpa-
30BaHMS COACPKAT KOMOMHUPOBAHHYIO HMH(pOpPMALUIO 00
AQHAJIM3UPYIOLIEM BeWBJEeTe U aHAJU3UPYEMOM CHUTHAJIE.
HecMmoTpst Ha 9T0, BelBIeT-aHAIN3 O3BOJSET MOJIYYUTh U
00BeKTUBHYIO HHPOPMAIHIO 00 aHAIM3UPYEMOM CUTHAJIE,
Tak KaK HEKOTOpbIE CBOMCTBA BEHBJIET-IIPEOOPA30OBAHUS HE
3aBUCSIT OT BBIOOpA aHAJIM3UpYoLlero BeiBiera. HezaBucu-
MOCTb OT aHaJM3aTopa [eJlaeT 3THU IPOCThle CBONCTBA
peoOpa3oBaHusl OYEHb BAXKHBIMU.

BeinumiieM ocCHOBHBIE dJIEMEHTAPHBIE CBOWCTBA BEHBIIET-
npeobpaszoBanus Gynkuuu f(z). Bygem ucnonb3oBath 060-
snauenue W[f] = W(a,b).

JIuHeiHOCTh:

Wlafi(t) + Bfa(r)] = aWIfi] + BWIS2] =

=aWi(a,b) + fWa(a,b). (22)
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Otcroa, B YaCTHOCTH, CJIE/IyeT, YTO BEUBJIET-IpeoOpa3oBa-
HHE BEKTOPHON (GYHKIMU €CTh BEKTOP C KOMIIOHCHTAMH,
MPEeACTABIISIFOIUME cO00# BelBiIeT-IpeoOpa3oBaHue Kaxk-
JIO¥ M3 KOMIIOHEHT aHAJIM3UPYEMOT0 BEKTOpa B OTACILHO-
CTH.

HBapHAHTHOCTH OTHOCHTEJIHLHO CABHIa:

W[f(t — bo)] = W(a,b —by) . (23)
N3 sTOro cBOMCTBA CienyeT KOMMYTaTUBHOCTDL qudepeH-
UPOBaHUsI, B yactHocTH, O, W[f] = W[0,f] (3mech O,= 0/01).
BmecTe ¢ nmepBbIM CBOMCTBOM 3TO O3HAYAET MEPECTAHOBOY-
HOCTb U JJISI HPOU3BOIHBIX BEKTOPHOTO aHAJIN3A.
HBapHaHTHOCTL OTHOCHTE/ILHO PACTSKEHHS (CHRATHS):

(O] -z

DTO CBOMCTBO MO3BOJISIET, B YACTHOCTH, ONPENEIISTh HAJIH-
YHe W XapakTep OCOOCHHOCTEW aHaJM3UpyeMou (PyHKIUU
(cm. pazmen 4.3.1).

Kpome Tpex BLINMCAaHHBIX HE 3aBUCSIIUX OT BbIOOpa
aHAJIM3UPYIOLLEr0 BEBIIETA 3JIEMEHTAPHBIX CBOMCTB BEWB-
JIeT-Tipeobpa3oBanue obJiaaer emie Heckoybkumu. Hanbo-
Jiee BaXHBIMH W TOJIE3HBIMH W3 HHUX, HA HAIl B3TJISI,
SIBJISIFOTCSL CJIETYFOIITHE.

YacToTHO-BpeMeHHAS JTOKAIN3ANUS H HAJIMYHE YACTOTHO-
BpPeMEHHOr0 OKHA M yrJia BJMsHHSA (TpaBUjIbHee ObLIO ObI -
BOPHTH O MacIITaOHO-BpeMeHHOH Jokau3anun). [Tapamert-
PBI YACTOTHO-BPEMEHHOTO OKHA BBINUCAHBI B paseie 2.4.

JuddepennupoBanue:

(24)

00

wiorf] = (=1)" [ (25)

J —00

A" ()] dr.

Taxum 06pa3zom, 4TOOBI TPOUTHOPHUPOBATH, HAIPHMED,
KPYIHOMACIITA0OHBIE TOJMHOMHUAJbHBIE COCTABIISIONINE U
MPOAHAU3UPOBATH OCOOCHHOCTH BBICOKOTO TOPSIKA KU
MeJKoMaciuTaOHble Bapuanuu (QpyHknuu f, 6e3pa3InyHo,
nuddepeHIUPOBATL JIM HYX)KHOE YUCJIO pa3 aHAJIU3UPYIO-
IIUA BEWBJIET WM caMy (PYHKIHIO. DTO OYEHb MOJIE3HOE
CBOCTBO, €CITN Y4eCTh, YTO YACTO (HYHKIHS f IPEICTABIISET
co0oit psijl yuce1, a aHATM3UPYIOIIHIA BeBIIeT 3a1aH hopmy-
JION.

Ji1s1 BeiiBiieT-peoOpa3oBaHusl CYIIECTBYET aHAJION Teo-
pemsI IlapceBasisi 1 BHITIOJTHSIETCS] PABEHCTBO

dadb

[rwswa=ct[[mapwsen <52, 2o

OTKylla CJIEAYeT, YTO SHEPIUsl CUrHAJA MOXET OBITh BBIYU-
CJICHa Yepe3 aMILTUTY/Abl (KO3 UIIMEHTBI) BEHBJIET-TIPE00-
pa3oBaHusl MOAOOHO TOMY, KaKk OHA BBIYHCIISIETCS 4Yepe3
aAMIUIUTY 1Bl IpeoOpaszoBanus Pyprwe:

E— Jﬁ(r) di — J|A(w) —iB(w)[*do.

OmnpeneneHns: u CBOMCTBA OJHOMEPHOTO HETIPEPHIBHOTO
BEHBIIET-TIpe0Opa30BaHus 000OIIAOTCS HA MHOTOMEPHBIN 1
Ha JWCKPeTHBIM ciyyau. Kaxnaplii W3 HHX HMeeT CBOH
0COOEHHOCTH. 311ECh MBI HE OYIEM O HUX TOBOPUTD, TOCKOJIb-
Ky JJIsi JaJbHEHIIero HaM MOHaJO00UTCS HeNpepbIBHOE
BEHBJIET-TIPe0Opa30BaHUE OTHOMEPHBIX (PYHKIIUN.

4.3. HexoTopble BO3MOKHOCTH BeiiBJIeT-aHAIH3a

HNMest BEeHBIIET-CIEKTPBI, MOKHO BBIYUCIUTH IOJIE3HBIE
XapakTEPUCTUKH U3YYAEMOTO MPOIecca W MPpOaHAIU3UPO-
BaThb MHOTHE €ro cBoiicTBa. Ommiem Oosiee mMOIpoOHO
BO3MOXHOCTH aHAJIN3a OCOOCHHOCTEH CHTHAJIA U €T0 JHepre-
THYECKUX XapaKTEPUCTHUK.

4.3.1. Anasm3 JIoKkaJbHOI peryssipaoctH [6, 13]. Paccmotpum
HEKOTOPBIE CIIENCTBUS CBOHCTBA MacCIITAOHOI MHBApHAHT-
HOCTH (24).

Ecmu f € C™ (1), T.e. anamu3upyemas GyHKIHS B TOUKE /g
HenpepbIBHO auddepeHnupyemMa BIUIOTh 10 MPOU3BOJIHOU
Topsiika m, To KO3(UIUEHTHI ee BEHBIIET-IIPpe0Opa3oBaHUs
pu b = t( TOJDKHBI IO TINHSATHCS HEPABEHCTBY

W(Cl, tO) < am+3/2

npu a — 0.

Eciu f € A%(1y), T.e. aHamu3upyeMast (pyHKIMsI IpUHAI-
JISKHUT TPOCTPAHCTBY XOJIEPOBCKUX (DYHKIHMIT ¢ mOKa3aTe-
JeM o (HAalOMHHUM, YTO 3TO O3HayaeT: f HENpephIBHA, HE
oOs3aTenbHO auddepeHpyeMa B fy, HO Takasi, 4YTO
| [t + t0) = f(1)| = ¢lto]”, « < 1, ¢ = const > 0), To KOIDu-
IIUEHTHI ee BelBJeT-peoOpa3oBaHus Mpu b = ¢y TOJKHBI
MO TYUHSTHCSI COOTHOIICHHEO

W(a, to) ~ ca**'/?

npu a — 0.

BeiiBier-npeobpa3oBanue Tak ycrpoeHo, uto Wia,t) —
peryssipHast QyHKUMsI [axe mpu HeperyispHoit f(r). Bes
uHdopManys 0 BO3MOXHOI ocobenHoctu f(f) (Jokam3a-
nusl ty), MHTCHCHUBHOCTb ¢, MOKa3aTeslb o) 3akjroueHa B
ACHMIITOTHYECKOM MOBeAcHNH Ko3bduuumentoB W(a, 1))
npu Malibix a. Eciu ko3 duimenTsl Ha Mabix Maciitadbax
pacxomasiTcsi, To f UMeeT OCOOCHHOCTh B f) M IOKa3aTelb
CHHTYJIIPHOCTH ¢ OMPEAEIIeTCS HAKIOHOM 3aBUCHMOCTHU
log|W(a, 1)| k log a. Eci onu, HanpoTHs, 6;1M3KH K HYJIIO B
OKpPECTHOCTH fy Ha MaJlbIX Maciitadax, To f B TOUYKE I
peryJsipHa.

OmnmcanHoOe CBOMCTBO YaCTO U C YCHEXOM HCIOJIb3yeTCs
MpH aHaJM3e PPaKTAJIbHBIX U MYJbTHOPAKTAIHHBIX CHTHA-
JoB [14, 15]. TunuYHBIM CBOWCTBOM (HpaKTaJIBHBIX MHO-
KECTB SIBJISICTCS MX ACHMIITOTHYECKOe camomomobue. Tak,
pasrJsiabiBasi f BOJM3U TOUKH /) C PA3HBIM YBEJIMUYCHUEM, MBI
HA Pa3HBIX MacHITaA0aX YBUANM IPAKTHICCKHU €€ Ke:

S+ 2tg) — fla) = 22O [ fle 4 10) — f(1)] -

Bazuc npeobpa3oBaHusi CAMOIIOI00CH; JIETKO II0KA3aTh, YTO
u KO3 PHUIMEHTHI TPe0Opa30BaHUS MACIITAOUPYIOTCS C TEM
JKe TIoKa3aTesieM, YTO U aHAIM3upyemas QyHKIusL:

W(ia, 1o + 2b) ~ 220 W(a, 1) .

OTcro/1a JIETKO TOJIYyYUTh CKEMTMHTOBBIHM ToOKa3aTensb a(fy),
KOTOPBIH, KaK M3BECTHO, TECHO CBsI3aH C (ppakTajibHOU
Pa3MepHOCTBIO MHOXECTBA. AHAIN3 MyJIbTH()PAKTATILHOTO
MHOXECTBA MO3BOJISIET OIpPENENIUTh CHEKTpP IOKa3aTelel u
CIEKTP pa3MepHOCTEN.

Oco00 0TMETUM, YTO aHAJIU3 JIOKAJIbHON PEryJIIpHOCTU
B HEKOTOPOM CMBICIIE YHHBEPCAJIEH — OH HE 3aBHCHT OT
BBIOOpA aHAJIM3UPYIOLIETO BeiBiIeTa.
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4.3.2. DHepreTHueckne Xapaktepuctuku [6, 16]. Paccmorpum
HEKOTOpBIC CIIEACTBUS paBeHCTBa (26). M3 cyiiecTBOBaHUS
IUIsL BeliBiieT-ipeoOpa3oBaHms aHAjIora paseHcTBa Ilapce-
BaJIsI CJIEIYET, YTO B IPOCTPAHCTBE JCHCTBUTEIbHBIX (DyHK-
Ui TIOJTHASI DHEPTUS CUTHAJIA f MOXKET OBITh 3alucaHa yepe3
AMILIMTYIbI BEUBIICT-IIPEOOPA30BAHUS B BULC

Ef= sz(z) di=c;! ” W2 (a, b) de” .

(27)

[notHocTh 3Heprum curHana Ew(a,b) = W2(a,b) xa-
paKTEepHU3yeT JHEPreTHYecKHe YpOBHH (YPOBHH BO30YXkIe-
HUSI) HCClienyeMoro curHana f(¢) B mpocrtpancTtBe (a,b) =
= (mMacitab, Bpemsi).

Ha pucynke 37 npeicraBjieHa KapTHHA pacIpe/iesIeHusI
IUIOTHOCTH JHEPrUM, MOJYYeHHAs [UIsl YACTH psiia MOTOKa
HOHOB COJIHEYHOTO BeTpa. Ha xaprune Hambosee CBETIIbIE
MeCTa COOTBETCTBYIOT HaubGousbiuM 3HaueHusiM Ey(a, b),
CTyLIECHHE I[BETA [0 YEPHOTO COOTBETCTBYET YMEHBIIICHUIO
Ew(a,b) no nyns. UtoObl jyullle ObUIM BHAHBI JCTAJH,
pacrnpe/eseHue IJIOTHOCTH JHEPIUH IIOKA3aHO [UIsl YaCTH
pslla ¥ I BepXHEW TpeTH auarna3zoHa macumrtaboB (cooT-
BETCTBYIOIIMIA ()pPArMEHT BBIJEJIEH PAMKOU Ha pHC. 3B).

ITokazaHHBIA (parMeHT AEMOHCTPUPYET, YTO IHEPTHS
HEpAaBHOMEPHO pacmpefeiieHa [O Macirabam — ecTh
BbIIeJIeHHbIE MaciiTabbl. O0e KapTHHBI [EMOHCTPUPYIOT
HECTAMOHAPHYIO CTPYKTYPY aHAJIM3MPYEMOro Iporecca ¢
9JIEMEHTAMH KBA3WIEPHOIUYHOCTH, C 9IBOJIOLMOHUPYIO-
LMMH YaCTOTAMU U C IUala30HAMH JIOKAJIbHBIX IEPUOINY-
HOCTEH Ha pa3HbIX MacTabdax.

Jlokanbupi cnektp 3Heprun. OIHONW U3 OCHOBHBIX OCO-
OGeHHOCTEH BEHBJICT-IPEOOPA3OBAHUS SIBJISIETCSI BO3MOXK-
HOCTH TIOJIy4aTh JIOKAJIM30BAHHBIE XAPAKTEPUCTHKUA U H3-
y4aTh JIOKaJbHBIE CBOMCTBA mporeccoB. Kak Hu napamgokca-
JILHO 3BYYaT CJI0Ba "JIOKaJIbHBINA SHEPreTHYECKUil cruektp",
OJIHAKO TPHUPOJAA BEHBIET-MPeoOpa3OBaHUsl TAKOBA, 9YTO
TEPMHFH MMEET MPAaBO Ha cylnecTBoBanue. [10CHUM CKa3aH-
HOe.

3Hast WIoTHOCTH 3Heprun Ey(a,b), MOKHO ¢ MOMOIIBIO
OKHa OIPE/ICIUTh JIOKAJIBbHYIO IVIOTHOCTB SJHEPT UH B TOUKE by
(v ty):

Ex(a,to) = JEW(a, b)é(b - ’0) db.

Oxonnas ¢pyukuust ¢ "momnepxusaet" quanasoH oKoJo {y 1
YIOBJIETBOPSIET PABEHCTBY

Jé(b)dbzl.

Ecnu B xauectBe ¢ BbIOpaTh (pyHKIUIO JlMpaka, TO JTOKaJIb-
HBIH CIIEKTP 3HEPTUU IPUMET BUL

E(;(a7 Z()) = Wz(a, l()) .

DTa XapakTepHCTHKA TIO3BOJISIET NPOAHATIM3UPOBATH
BPEMEHHYIO TUHAMUKY TMepeavyd dSHEPTHU Mpolecca Mo
MacmTabam — oOMeH 3Heprueil Mexay COCTaBIISIOIIMMU
MpoIecC KOMIIOHEHTAMHU pa3HOro Maciutadba B Jr000OU
3aJaHHBIIl MOMEHT BPEMEHHU.

I'nobanbhbli cnektp 3Heprum. [TosHas sHeprus pacmpe-
JleieHa 1Mo macimradamM B COOTBETCTBHU C TJI00AJIbHBIM
CIEKTPOM 3HEPruu KO3(pPHUIMEHTOB BEeWBJIET-IIpeoOpa3oBa-
HUS

Ew(a) = J W2(a,b)db = JEW(a, b)db. (28)

Ero HaspiBalOT Takxke ckajgorpaMMmoil (scalogram) uim
JUCTiepcHell BeliBieT-npeoOpa3zoBanus (wavelet variance).
Ha pucynke Sa npejcraBiieHbl CIIEKTP MOIHOCTU Ep ()
MTOTOKA MOHOB COJIHEYHOTO BeTpa (pHC. 3a) U cKajJorpamMma
Ew — 1J100aJ1bHBIN CIEKTp 3Heprun Ko3(h(HUIIMEHTOB BeliB-
JIeT-TipeoOpa3oBanust Toro xe curHana. ChnekTpbl J0cCTa-
TOYHO XOPOIIIO COTJIACYIOTCS, HO CHEKTP, BBIYUCICHHBIN 11O
ko3 unuenTam BeliBeT-peoOpa3oBaHusl, ropasio
Ooutee Titankast kpupasi. [IpuumHa 3aKIIOYa€TCS B TOM, YTO
BEHBJIET-CIIEKTD JHEPIUU CUTHaja Ey COOTBETCTBYET Cria-
KEHHOMY CIICKTPY MOIMHOCTH Ep. DTO MOXHO HOKa3aTh,
BBIPA3UB CHEKTP 3Hepruu Ey(a) 4epes CHEKTp IHEpruu
curnana B npocrpanctse Pypoe Ep(w) = | f(w) ‘2

Ewa) = | Ex(@)iao) do.

Jlerko BuOeThb, 4TO cKajorpamMma Ejp COOTBETCTBYET
CIIEKTPY MOIIHOCTU Ef, CIJIa)K€HHOMY Ha KaXXIOM Mac-
mrtade cekTpoM Dypbe aHATM3UPYIOLIETO BEHBIIETA.

0’001 1l Lol Lol 1l
YacroTa

0,001 0,01 0,1

Macritad

Ew

Puc. 5. DHepreTnueckye CrieKTpbl MOTOKA HOHOB COJTHEYHOI'O BeTpa: (a)
CIIEKTP MOITHOCTH Ef M ckajorpamma Ejp B 3aBUCUMOCTH OT 4acCTOTBHI,
(0) ckajmorpamMMBbl ISl YEThIPEX BPEMEHHBIX JHANA30HOB (B paMke) W
MOJIHAS B 3aBUCUMOCTH OT Maciutada (oH pacreT BBepx). I paduku gaHbt
B JIBOWHOM JiorapumMuueckoM Maciraoe.

BeiiBiieT-npeoOpa3oBaHme, MpeaoCTABIISIONIEe HAM KaK
ObI BPEMEHHYIO pa3BePTKY CIIEKTPA, MO3BOJISET MOJIYYUTh U
6oJiee JIOKAJIN30BaHHYIO JHEPTeTHYECKY o nHpopmMarmro. Ha
pHCYyHKEe 56 MpeICTaBIIeHBI YeThIpe cKajorpammbl Ep(a),
TOJIyYeHHbIC CBEPTKOW He MO Bcelt jymHe psaa (puc. 3a), a
OTHENIbHO IJIsI KaXJIOW 4eTBepToll ero yactu. Ha Tom xe
PHUCYHKE JIUTSl CpaBHEHHMSI TIPUBEJICH TIT00ABHBIN CIEKTp (Ha
pHCc. 5a OH MOKa3aH B 3aBHCHMOCTH OT YaCTOTHI, HA pHC. 50
CKaJOrpaMMBl TIOKa3aHbl B 3aBUCUMOCTH OT MaciiTaba,
KOTOPBIU 3/1ech pacTeT BBepX). CKkajorpamMMmbl, OJTy4YCHHbIC
0 AMAna30HaM, MO3BOJISIFOT MPOCIIEAUTh 3BOJIFOIHUIO Pac-
MpeJIeJIeHNs SHEPTUH 110 MaCIITadaMm.
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DHeprus CUrHajia OmpeaessieTCsl Yepe3 CIeKTP IHePTruu
PaBEHCTBOM

da

E=C,' JEW(a) - (29)

Takxum obpazom, BeslmunHa £y MPONOPIMOHAIbHA TUIOLIAAN
no kpusoil Ep(a)/a®, a ckanorpamMma OTpaxaeT OTHOCH-
TEJBHBIN BKJIA] Pa3IMYHBIX MACIITA0O0B B MOJIHYIO SHEPTHIO
1 BBISIBJISIET paclpe/ie/ieHie SHEPrUy Iporecca o MacIiTa-
6aM.

Ananm3upyeMas GyHKIUSI UMEET KOHEUHYIO SHEPIHIO, a
aHATM3UPYIOLINNA BEUWBJIET — HYJIEBOE CpeqHee 3HA4YeHUeE,
BCJIEJICTBUE Yero CHeKTp dHeprum Ey(a) moJokeH crpe-
MHTBCSI K HYJIIO Ha OOOMX KOHIIAX IIKaJIbl MacmTaboB U
JIOJDKEH UMETh 1O KpaifHelt Mepe oauH MakcuMyM. [Tosoxe-
HHE TOJOOHBIX MaKCUMYMOB (IuKkoB) criekTpa Dypbe Er(w)
TIPUBBIYHO CBS3BIBACTCS C YACTOTAMU U COOTBETCTBYIOLLIUMU
XapakTepHBIMA MOJAaMH AHAJM3UPYEMOTO CUTHAJA, HECy-
IMMH B cebe OCHOBHYIO 3HEPIHIO Iporecca. MaKCHMyMBl
9HEPIeTHYECKOro CrekTpa Ej(a) MHTEPIpeTHPYIOTCS aHa-
JIOTUYHO — OHM OINPENEJISIIOT MaclITa0bl Ipolecca, BHOCS-
IIMe OCHOBHOM BKJIaJ| B ITOJIHYIO SHEpIuto L.

[TokaxkxeM Ha IPOCTOM MPHUMEPE CBSI3b MEX/Ty BBISIBJICH-
HBIM B pe3yJibTaTe BEHBJICT-NpeoOpa30BaHUs MACIITAOOM U
XapaKTepHBIM MacIITabOM, HOJTYIeHHBIM 13 CrieKTpa Pypoe.
ITycts

2mt

(1) = sin(wpt) = sin T

— CHHYCOW[A; ee¢ BEHBIET-MpeoOpa3oBaHme, 3alMCaHHOE
yepe3 06passl Dypre (cM., Hanpumep, hpopmyay (17)), ectb

W(a b) = & [explionb)i(aon) + exp(—iopb)i(~awo)].

acnektp — Ew(a) = }l/}(awo) ’2. Heo6xoauMbIM 1 1OCTATOU-
HBIM YCJIOBUEM HAJINYMsI [IUKA HA MACIITAOE @ = ag ABJISETCA
paBeHCTBO HyINt0 npousBogHou dy(amg)/da npu a = ay.
VcioBue BBIIONHSETCS MIPU dyy = My, TAE @y — 3aBUCH-
mas OT BeifBjieTa Yy KOHCTaHTa C Pa3MEPHOCTBHIO YaCTOTHI.
J1s MHOTUX BEWBJIETOB KOHCTAHTA (U, BLIYHCIISETCS aHAJIU-
Truecku; Tak, 111 HAAR- 1 MHAT-BeliBiieToB oOHa paBHa
1,484 11 v/2 COOTBETCTBEHHO.

Ha npakruke, eciu ckanorpamma Ey(a) UMeeT NHK IpH
a = ap, XapaKTepHBbI BpEeMEHHON MaciiTad ompeaessieTcs
kak d = Ty/2 = ayn/wy. MHOXHTENb 1/2 mosiBUIICS M3-32
TOT0, UTO OTPEACIACTCS HE MEPUOJ, & MACIITAO dJIeMEHTAP-
HOr'O COOBITHS, AETAIU. B 3TOM cMBbICIIe CHHYC, HAIPUMED,
HMeEET [IB€ 2JIEeMEHTapHBIE IeTAJU Ha TIePHOJIE.

KoncranTta wy nosiyvena aust npocroit ¢pynkuuu. Pac-
MPOCTPAaHSST Pe3yJbTAT HA MPOU3BOJIBHBIN CHUTHAI, Taxe
HETapMOHWYECKHN, MBI TPEANOJiaraeM, 4YTO TMOJIOKEHHE
Makcumyma crektpa Ep(a) (T.e. BbIABJICHHBIH MaciuTad)
MO’XHO MHTEPIPETUPOBATH KaK CPEAHIOI0 MPOIOJIKUTEINb-
HOCTb 3JIEMEHTAPHOT'O COOBITHSI (COOBITHII), BHOCSIIETO
OCHOBHOW BKJAJ B JHEPIHIO0 AHAIM3UPYEMOTO MpoIecca.
DTOT (PaxT mpoBepeH HA MHOTUX HM3BECTHBIX CHTHAJAX C
pa3HBIMH BEHBJIETAMH U TPU3HAH OYCHb XOPOIIUM MPHUOJIH-
XeHueM (cMm., Harpumep, [16]).

Beimumiem emie aBe XapaKTePUCTUKH, ONpeaessieMble
4yepe3 IIOTHOCTh SHEPTHH, — MeEpY JIOKAJIbHOM mepeMexae-
MOCTH ¥ M€PY KOHTPACTHOCTH aHAJM3UPYEMOTO CUTHAJIA.

Mepa JIOKAJIbHOI nepeMekaeMoCTu:

N EW(a, Z)
Iw(a, t) = 7<Ew(a, [)>[

— Mepa JIOKAJIbHBIX OTKJIOHEHHIH OT CPEIHEro IOJIs CIeKT-
pPOB Ha KaXXJIOM MacIITade; OHa MO3BOJISIET OMPEIC/IUTH
CTEICHb HEPaBHOMEPHOCTH DPACIPEICICHUS] JHEPTUH TI0
MacmTabam (yriIoBbIME CKOOKaMH 3/1eCh 0003HAYEHO YCpe -
HEHUE).

PasenctBo Iy (a,f) =1 npu Bcex a M ¢ O3HAYAET, 4TO
SHEPrUsl pacCIpele/ieHa PAaBHOMEPHO U BCe JIOKAJIbHBIC
CIIEKTPBI IHEPIUU OAUHAKOBBL, [y/(a,fy) = o 0O3HAYACT, YTO
BKJIAJI KOMIIOHEHTBHI Macmrtaba a B TOYKe fy B o pas
MPEBOCXOIUT YCPETHEHHBIN 110 BCEM 1.

Mepa KOHTPACTHOCTH

’

Ew(a,t a=a
Cula) = FHed . Eytad = | Elanda

a'=0

MMO3BOJISET ONMPEACISATh JaXKe MaJible U3MEHEHUS B CUTHAJIE,
KOT/1a HEOOXOAMMO, HATIPUMED, BBISIBUTH CTPYKTYPHPOBAH-
HOCTb CJIaOOTO CHUTHAJIa WM ciadble Bapuanuu Ha (oHe
KPYIHOM CTPYKTYPHI (BCTPOEHHBIE CTPYKTYPBHI).

5. IlpumeHenue BeiiBJieT-NIpeoOpa3oBaHusl
K MO/IeJIbHBIM CHrHAJIaM

B sTOM paznene nmokazaHbl HEKOTOPbIE BOBMOXHOCTH BEUB-
JIET-MPe00pa3OBaHNS B BBISIBJICHUM PA3JIMYHBIX XapaKTep-
HBIX OCOOEHHOCTEW curHalioB. BeiiBieT-mpeoOpa3oBanme
MPUMEHSIETCS K MOJCIbHBIM CHTHAJIaM, MOCTPOCHHBIM Ha
OCHOBE (DYHKIHIA C XOPOIIIO U3BECTHBIMU CBOWCTBAMHU (CM.
Taxxe [17]).

J7s kaxxaoro nmpuMepa NpuBeaeH rpaduk aHaIu3upye-
Moro psina. Koadouuuments: W(a,b) moxaszansl B Bujae
MIPOEKINI Ha TIOCKOCTh ab (BpeMeHHOHN MaciTad, BpeMsi);
mo ocu abcrmucc OTJIOKEHO BpeMsl, IO OCH OpAWHAT —
BpeMeHHO# MacinTab (oH JuHEiHO pacTeT BHM3). Kak u Ha
puc. 36, cBeTJIbIe 00JACTH COOTBETCTBYIOT MOJIOKUTENIBLHBIM,
a TeMHble — OTpULIATENIbHBIM 3HaueHusiM W(a,b), oTTeH-
KaMH CepoTo I[BeTa B KaXION OOJIACTH BBIACIICHBI IUaTma-
30HbI 3HaueHWd W(a,bh). KapTuHbl JHHHI JIOKAJIBHBIX
9KCTPEMYMOB WJIU JIOKAJIbHBIX MaKCUMYMOB IIPEICTABJICHBI
B TEX € KOOpAUHATAX.

[IpuBeneHHble pPE3yIbTATHl MOJIYYEHBI C IOMOIIBIO
MHAT-BeiiByieTa. BbIuuciieHuss TPOBOAWINCH B TPSIMO-
YIrOJIbHOU O0JIaCTU 3HAYEHUH mapameTpoB da,b. Panbl nan-
HBIX JUIS1 3TOTO NMPOUJIEBAIINCE; CIIOCO0 TOTOJIHEHHS TOKa3aH
Ha rpadukax aHaaM3upyeMbIx QyHKIuiA. Ha xaptuHax
JIUHUHA JIOKAJBbHBIX MAaKCHMYMOB TIOKa3aH TPEYroJIbHUK
JIOCTOBEPHOCTH, UJIM MAKCUMAJIHLHBIA YTOJ1 BIUSHUSL.

5.1. 'apmonnyeckast GyHKIMS
BeiiBiieT-peobpa3oBaHue MPUMEHSIIIOCh K PSAaM CUHYCOU/T

. 2mt . 2mt
(1) :smTll—l—ocsmTiz.

Pe3ynbTaThl BeiiBiieT-npeobpa3oBaHusl Takod (QpyHKIUU
JIETKO CPABHUTD C TEMH, YTO JAET MPUBBIYHOE Tpeodpa3oBa-
Hue dypwe. 3Hauenus nepuogoB 77, T> ¥ TMOCTOSHHOU o
AHAJIM3UPYEMBIX CUTHAJIOB MpHUBEACHbI B Tabi. 1. B Hee
3aHECEHBl TAaKXKE€ HOMEpP COOTBETCTBYIOIETO PHUCYHKa U
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HoMep curHajia. [To koaddunuentram BelBIeT-peoOpaso-
BaHMs JOJDKHBI OBITH TOJIyueHbl Maciutader Dy = T7/2,
Dy =Ty/2.

Taémua 1. [TapameTps! rapMOHHYECKHX (yHKIIMIHA

T, T o Homep Homep

pUCYHKa CHIHAJIa
200 10 0,4 6 1
200 10 0,4 — 2
50 — — — 3
25 — — 8 4
25 50 1 9a 5
25 50 1 9a 6
25 23 1 10a 7
25 23 1 106 8

Curnan 1. Ha pucyHke 6a moka3zaH CHTHaJl — CyMMa
CHHYCOHJ C 3aMETHO OTJIMYAIOIIMMUCS YacToTaMé (Kak
BHJIHO M3 TpaduKa, psif MPOIOKEH CPETHUM 3HAYCHUEM ).

Ha xapTtuhe 3HaveHuit koapduuueHToB (puc. 66) Jierko
Pa3JIMIarOTCsS MHOTOYHCIICHHBIE MEPHOIMYESCKU TTOBTOPSIIO-
mgecsl AeTajJd B BEpPXHEW 4YacTH KapTHUHBI (IPU MaJbIX
3HAYCHUSAX MaciTaba a), SIBISIOIIMECsS Pe3yIbTaTOM pe3o-
HAHCa BBICOKOYACTOTHOM COCTABJISIOLIECH CUTHAJIA C MEJIKO-
MacImTaOHBIMU BeHBJIETAMU, a TAaKXXe TPU TEMHBIE U JIBE
CBETJIbIe OOJIACTH Ha KPYIHBIX MacmTabax (MOJIOXUTEb-
HbIE U OTpUlIATENIbHbIC 3HaYeHus1 W(a,b) COOTBETCTBEHHO),

Q]

SGELE) IS LELEE L I 5

Puc. 6. Curnan 1 (a) u pe3yJbTaThl €ro BEUBJET-TPEOOPa30OBaHMUSL:
KapTUHBI K03(dunueHToB (6), JUHUN JIOKAJIBHBIX IKCTPEMYMOB (B) U
JIMHU# JIOKAJbHBIX MAKCUMYMOB (T).

SIBJISIFOIIIMECS] PE3YJIbTATOM CHJIBHOM KOPPEJSILMUA MEXIY
KPYIHOMACHITAOHBIMH ~ BEHBJIETAMH ¥ HH3KOYACTOTHOMU
COCTABJISIFOILEHA CUTHAJIA, MPEICTABICHHOW BCETO JBYMS C
MOJIOBUHOM TIEPUOIAMU.

Ha pucyHke 6B ipeicTaBJICHbI JIMHAX JIOKAJBHBIX 9KCTPe-
MYMOB; CIUIOLIHBIE JIMHAU OTMEYAlOT JIOKAJIbHBIE MAaKCH-
MYMBI, TOU€YHble — JIOKaJIbHble MUHUMYMBI. Ha kapTune
JIOKAJIbHBIX MAKCUMYMOB (pHC. 6T) TOKa3aHbI TOJIBKO JINHHH,
OTHOCSIINECS] K MOJIOXKHUTEIbHBIM dKCcTpeMyMaM. Obe kap-
THHBI BBISBJISIOT TMEPUOIUYECKYIO CTPYKTYPY aHAJIU3UpPYye-
MOTO CHTHajJla M TPEACTaBJISIOT CcOO0M MacimTabHO-Bpe-
MEHHOH! CKelleT ONUChIBAEMOIO CHTHAJIOM IpOIecca.
JIvany, oTmevarolye IMOJIOXKEHUE JIOKAJIBHBIX IKCTPEMY-
MOB KO3((OUIMEHTOB BEUBIIET-MPEOOPA3OBAHUS, COOTBET-
CTBYIOT 3KCTpEMyMaM aHAJM3HPYEMOH (PYHKIIMU — TOYKAM
CMEHBI 3HaKa ee MPOU3BOHOMN.

B nanbHeiieM OyneT IeMOHCTPUPOBATHCS JIMILIL OIUH
W3 CKEJETOHOB; €CJIM JIMHUU JIOKAJIbHBIX MHHUMYMOB HE
HECYT CMBICIIOBOM HATPY3KH U JIAIIb YCIOXKHSIOT PUCYHOK,
KaK JiJIsl CUrHaja 1, To OyaeT mpeacTaBiieHa TOJIbKO KapTHHA
JINHUH JTOKQJIHbHBIX MAKCUMYMOB.

Curnan 2 npezcrasiser coboi yactb curHaia 1. Kap-
THHA KO3(PPUIMEHTOB BEHBIIET-IPE0OPA30OBAHUS TO3BOJISET
TOBOPUTH O KPYIHOMACIITAOHO! COCTABJISIFOIICH B CUTHAJIE,
JlaXKe eci Ha JJIMHE CUTHAJIA YIIOKHUJIICS BCETO OJIUH TIEPHO/T
KpyHnHOMAacIITaOHOM cocTaBiIsitolel curuania 1.

Ouepreruyeckuii cnektp Ep(a) mMo3BOJSET B 3TOM MPO-
CTOM CJIy4ae OMPE/IeIUTh JIake MacTad KpynmHoMaciTao-
HOH COCTaBJIAIOLIEM CUTHAJA, XOTS OHA M IpeAcTaBJieHa
Bcero ogHmM mepuonom. Ha pucynke 7 mokazaH CHEKTp
sueprun Ey(d); Hamomuum, uyrto s MHAT-BeiiBiera
XapaKTepHBIA BpeMEHHON MacTad d CBs3aH C MACIITAbOM
BeiiBIIeT-pe0Opa3oBanms a cooTHomeHueM d = am/+/2.
CIUIOIIHOM JIMHUEH Ha PHUCYHKE TOKAa3aH HEPTreTUYeCKUN
CIEKTp CUTHajia 2, IITPUXOBOM — curHaja 1. B oGoux
CIIy4asix JIETKO BBIIEJISIFOTCS IHKH, COOTBETCTBYIOIINE Mac-
mrabam 5 u 100; meskomaciiTabHasi 4acTh CHeKTpa OoJiee
noApoOHO TOKa3aHa B MPAaBOM BEpXHEM yriy pucyHka. C
nomoltubto cnekTpos dypbe B oboux ciaydasix yoaeTcs
BBISIBUTH TOJIBKO BBICOKOYACTOTHYIO COCTABJISIFOIYIO.

Curnanbl 3 M 4 TPEACTaBISIOT COOOW CHHYCOUIBI C
neprogaMu paBHbIMu 50 u 25 cootBeTcTBeHHO Ha pucyn-
Ke 8 TmoKa3aHbl CUTHAM 4 U TOJIyYeHHbIE KAPTHHBI KO3hhH-

Ey 0.8 -

0,6

0,4

0,2

Puc. 7. Dueprerudeckue criekTpsl Eyy(d) curHaios | (IUTpUXoBast JIMHKS)
1 2 (CIUTOIHAS JIMHHMSI); B BEPXHEM YIUIy cIpaBa OoJiee KpyHMHO MMoKa3aHa
MEJIKOMACIITAaOHAas! 4acTh CIIEKTPA.
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Puc. 8. Curnan 4 m xapTuHbl kK03(p(UIUEHTOB U JIMHUI JIOKAJIBLHBIX
MaKCHUMYMOB.

[IUCHTOB BEUBIIET-IPEOOPA30OBAHUS W JIMHUN JIOKAJIBHBIX
MaKCUMyMOB. BepxHWe dYacTu KapTUH JEMOHCTPHUPYIOT
MEePUOANYECKUM XapakTep curHajia. TeMHbIE M CBETJIbIE
KpynHOMAcIITa0Hble AETad B HUKHEH YacTH KapTUHBI
K03 pUIIMEeHTOB CBSI3aHBI ¢ TPAHUYHBIMH 3PPEKTaMu U
OYeHb MAJIOMHTCHCHBHBI, HA PUCYHKAX 3TO MPOSIBIISIETCS B
TOM, 4YTO 3TH KPYHMHOMACIITAOHBIE O0JACTH HMMEIOT 3a-
METHO MEHBIIE IBETOBBIX YPOBHEH, YeM OCHOBHBIC MEPHO-
JIMYeCKue neTanu (31eCb — OJIMH IIBETOBOW YPOBEHb), U
BOJIHUCTBIE JIMHUU JIOKAJBHBIX 3KCTPEMYMOB.

OnuHakoBas UIMHA JIMHAN JIOKAJIBHBIX MAaKCHUMYyMOB
(BHYTpH TpEyrojbHHKa TOCTOBEPHOCTH) M MEPUOJUIHOCTH

UX MOSIBJICHUS] YKAa3bIBAIOT HA CAMHCTBEHHYIO XapaKTCPHYIO
YACTOTY CUTHAJA U MOCTOSIHCTBO mepuoaa. O6 3ToM CBHIIe-
TEJIBLCTBYET Takxke cBoeoOpasHas "mrpuxosas” cTpykTypa
CKeJIETOHA B HUKHEH 4aCTH TPEYTOJIbHUKA TOCTOBEPHOCTH; B
ciIydae HAJMYMSI HECKOJIBKUX YacTOT (CM. pPe3ybTaThl IS
curHaios 6 u 8) ona cranet "uHTEpHEPEHIMOHHON".

Taxas cBoeoOpazHasi uHTep(depeHIMOHHAS (MJIU IITPH-
XOBasl, KaK ISl CHTHAJA 4) CTPYKTypa CKeJieTa BO3HUKACT B
TeX CIIydasix, KOrja JUIMHA Psia OKa3bIBACTCS JOCTATOYHOM,
4TOOBI BHYTPU TPEYTrOJbHHUKA JOCTOBEPHOCTH PEaIn30Ba-
JIUCh BCE TPUCYIIHE CUTHATY MacIITa0bl (3TO BBITOIHSIETCS
JUISL BCeX PACCMOTPEHHBIX CHTHAIIOB, KPOME MIEPBOI0), U U3-
3a TOro, 4T0 Ko3dduuuenter W(a, b) nocie peaansauu BCex
MacuTaboB pEe3KO YMEHBIIAIOTCS, CTAHOBATCS OYCHBb
MaJbIMA U CTPEMSTCS K HYJIO KojeOaTeIbHbIM 00pa3om
(oTcro/1a 1 BOJTHUCTBIC JIMHUAY JTIOKAJBbHBIX MAKCUMYMOB).

BbIUnCIIeHHBIE TIO 3HAYEHUSIM KO3((DUITMEHTOB BEWBIIET-
npeobpa3oBaHusi curHayioB 3 u 4 cuextpsl Ey(d) umerot
XapaKTepHble NMHKM Ha Maciitadbax 25 u 12,5 cooTBet-
CTBEHHO.

Curnassl 5 n 6 npeacTaBisitoT cob60i pa3Hble KOMOUHA-
MM CUTHAJOB 3 M 4: CUTHAJ 5 COCTaBJICH M3 IOCJIEIOBa-
TEJIPHO BKJIFOYAIOIIMXCS CUTHAJIOB 3 M 4, a CHTHAJ 6 mpel-
CcTaBjseT co6oit ux cymmy. CUTHAJIBI 5 ¥ 6 HHTEPECHBI TEM,
YTO OHHM HEPA3JIMYUMBI [Jis Ipeobpa3opanus Oypbe: JErko
YIOCTOBEPUTHCS, YTO UX CreKTpbl Pypbe Er(w) mpakTuye-
CKM OJIWHAKOBBI. [ BeiBieT-npeoOpa3oBaHusl 3TU CHUT-
HAJIbI OYEHBb Pa3HbIE, CM. COOTBETCTBYIOLIME CUTHATIAM 5 1 6
KapTUHBI KOIQ(UIIMEHTOB U JIMHUIT TOKAIbHBIX MAKCUMYMOB
Ha puc. 9a u puc. 96.

DHepreTuvecKue BeBJIET-CIEKTPhI 3TUX CUTHAJIOB, KaK U
X CcreKTphl Dypbe, OYeHb MOXOXH, MTOCKOJBKY MOJYUYCHBI
CcBepTKOW 1o Beced jumHe psina. OHM UMEIOT IUPOKHE
MaKCHMYMBI, MOTJIOIIAroIIUe 00a MaciTadba. 3aMeTuMm, 4To
HECTAI[MOHAPHBIC CBOWCTBA CUTHAJIOB, HAMPHMEP, 3BOJIO-
[NUOHUPYIOIINE YACTOTBHI (MacmTadbl), XOPOIIO BBIS-
BIISTFOTCSL C TOMOIIBIO JIOKAJIM30BAHHOTO CHEKTPAJIbHOTO

Puc. 9. Curnaet 5 (a) u 6 (0) — 10 %)e, 4yTo Ha pHcC. 8.
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Puc. 10. Curnaist 7 (a) u 8 (6) — T0 e, 4TO Ha puc. 8.

aHaJu3a, KOTJa NP BBIYUCICHHUHU CrieKTpoB Eyy(d) cBepTka
k03¢ punueHTOB BelBIET-pe0Opa3OBaHUs BEACTCS HE IO
BCell UIMHE Psia, a IO ero OTPe3KaM.

Curnan 7. Ha pucynke 10a mpencraBiieHbl pe3yIbTaThbl
JUJIS1 CHTHAJIA, OTJIMYAIOIIETOCs OT CUTHAJIA 4 JHIb (pa3oBbIM
CABHTOM Ha T B cepeluHe psna. ScHo, 4Tto crnekTp Pypbe
TaKOr0 CHTHAJIa OTJIMYaeTcs oT cuekrpa dypre curaana 6e3
(ha30BOro cABUTA HAJIMYUEM JOMOJHUTENBHBIX THKOB. [Tpu-
YMHA B TOM, YTO JIF00asl IeTajlb CUTHAJIA B JJF0OOOU 4acTH psija
OKa3bIBaeT BiMsHME Ha Bce Koaddunmentoer dypbe m Bce
YaCTOTHI.

IIpucyrcTBHe neranieil TAKOro poaa B CUTHAJIE C YIETOM
OpsIMOHM CBSI3U MEXJy 4acTOTAMHU B CIIEKTPE U XapakTep-
HBIMH MaclITabamMu TpoIrecca MOXET 3aMETHO HCKa3UTh
HHTEpIpeTanuio pe3yiabTara. OObIYHO HAJMYUE TOTOJIHU-
TEJILHBIX INKOB B CIIEKTPE CBS3BIBACTCS C HAIMINEM HECKOJIb-
KHX MacmTaboB, KOTOPBIX B TPHUBEACHHOM IpHMepe Ha
caMOoM [ieJie HeT — MaciuTad oAuH.

BeliBneT-mpeobpazoBanue MPEKPACHO CIPABJISETCS C
TaKOTO poAa OCOOEHHOCTBIO, JIOKAJM3YsI €€ (CM. KapTUHBI
KO9(hGUINEHTOB W JIMHUHA JIOKAJbHBIX MAaKCHMYMOB Ha
puc. 10a).

Curnan 8. Ha pucynke 100 npuBeeHbl pe3yJIbTAThI JJIs1
CHTHaJIa, IPEeACTaBIISIFOLIEr0 cOO0M CyMMY IBYX CHHYCOUJI C
OYeHb OJIM3KMMHM YACTOTAMM; HAJIMYUAE BTOPOM YacTOTHI
MIPOSIBJISIETCS JIMIITb HAKJIOHEHHBIMH JIMHUSMH JIOKAJIBHBIX
MakcuMyMoB. [lomoOHbIE HAKJIIOHBI MOTYT TOSIBUTHCSI U B
pe3yiIbTaTe HA3KOYACTOTHON MOJYJISIIAN, OJHAKO B TAaKOM
ciaydae He ObLIO Obl XapakTepHOW HHTep(hepeHIMOHHON
KapTHHBI CKEJIETOHA, TOBOPSALIEH O peaiu3alliy BCeX Mac-
TAa00B, MPUCYTCTBYIOLIUX B CUTHAJIE.

5.2. Curnaja ¢ 0co0eHHOCTBIO

B curHajiax 4acTo BCTPEYAOTCS W30 IMPOBAHHBIE OCOOEHHO-
CTH THIIA UMITYJIbCA, CTYIICHbKH, CTENEHHbIE OCOOEHHOCTH U
T.I. DTO MOTYT OBITh KaK MPUCYIIIUE ONUCHIBAEMOMY CHUTHA-
JIOM MpOIeCCy NETaJd, TaK U NMapa3uTHbIC NCTajId, HAIPU-
Mep, cbon ammapatypsl. [Ipeo6paszoBanne ®Pyprbe cUTHATIA,

PETYJISIPHOTO Be3/e 3a UCKJIIOUEHUEM OJTHOU COOMHOM TOYKH,
HeceT MHPOPMAIIMIO O HEel BO BCeX CBOMX KOA(PQUIIMEHTAX.
MN3onmupoBaHHbIe 0COOEHHOCTH MPaKTU4YECKH He (UIBT-
DYIOTCSI, UCKaXasl CHEKTP ¥ PEKOHCTPYHUPOBAHHBIA CUTHAI.

BeiiBireT-npeoOpa3oBanne MPUMEHSJIOCh K CHUTHAJIaM C
0COOCHHOCTSIMU HEKOTOPBIX M3 TMepEeUrCICHHBIX THIIOB. Ha
pucynke 11 kpoMe CUTHAJIOB NMPEICTABIICHBI KAPTUHBI JITHUN
JIOKQJIbHBIX 9KCTPEMYMOB (OHHU 00JIee XapaKTEPHbI) U CXeMa-
THYECKH M300paKeHbl HECKOJIBLKO JIMHUN YPOBHS 3HAYCHUU
koo duumentoB W(a,b) (cniiouIHbIe JMHUU OTHOCSTCS K
MIOJIOKUTENIbHBIM, IITPUXOBBIE — K OTPUIATEIHHBIM 3HAYE-
HUSIM).

Puc. 11. BeiiBieT-npeobpazoBanue curHajia ¢ 0COOCHHOCTSIMHU: J-(PyHK-
mus, ||, 23, t1/3, ckauok, uzsioM (creBa HAaTpaBo).
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Bce Toueunble 0cOOEHHOCTH, COEPIKALIMECS B CUTHAMAX,
COTMPOBOXKIAFOTCS JTMHUSMH JTOKAJIbHBIX MAKCUMYMOB, HCXO-
IAIIIMA W3 3TUX Touek. KonmyecTBO WX OIpeaessieTcs
XapakTepoM OCOOCHHOCTH CHTHAja W aHAJU3UPYIOIIHM
BEUBJIETOM.

IIpumepsr B pazmene 5.1 mokaszanu, 4To cMeHa 3HaKa
MPOU3BOJIHOW  aHAJIM3UPYeMOW  (YHKIMH  OTMEYaeTcs
JIMHHEH JIOKAJIBbHBIX 9KCTPEMYMOB pacupesenaenus Wia,b).

Ha pucynke 1la mokazano nmpeoOpa3oBaHHe CUTHAJA C
0co0eHHOCTRIO TUMA J-(pyHKImK. Cleayrolue aBa IpuMepa
(puc. 116, B) comepxaT 0COOEHHOCTH, NMPU KOTOPBIX CMEHA
3HaKa MPOU3BOJHOIN CONMPOBOXKAAETCS Pa3pbIBOM (PyHKIUU
(cTemenHBIE OCOGEHHOCTH BHAA |¢°| U 1*/3 COOTBETCTBEHHO).
B sTOoM cityyae Touka JIOKAJU3alUU OCOOEHHOCTH CHTHAJIA
OTMeEUeHa TpeMsl JJHHUSMH CKeJIeTOHA. LIeHTpanbHast JIuHus
SIBJISIETCS] JINHUEH MaKCHMYMOB UJIM MHUHUMYMOB B 3aBUCH-
MOCTH OT TOT'O, UMEET JIM CUI'HAJ B 3TOM TOYKE MAKCUMYyM
AT MUHUMYM. AHAJIOTUYHO BBITJISIAST PEe3yJbTATHI BEWB-
JIeT-TIpeoOpa3oBaHus 0-QyHKIIHN.

Oco0OeHHOCTH MeHee BBICOKOTO TOPSIKa, TaKuWe, Kak
nepern6 ¢ymaxnum ¢'/3 (puc. 11r) mma ckagok (puc. 11xm),
OTMEYAIOTCSl [IByMs JIMHUSIMU JIOKAJBHBIX 3KCTPEMYMOB,
u3ioM (puc. 11e) — omgHOIA.

Taxum oOpa3oM, BelBIET-IpeoOpa3oBaHUE CIHOCOOHO
BBISIBUTH MOJIOKEHUE OCOOCHHOCTH — KO3((DUITUEHTHI BEWB-
JIET-TIpeoOpa3oBaHus TJIaAKOH (PYHKIUU MaJlbl U PE3KO
BO3PACTAIOT MPHU TOSIBJICHUM OCOOEHHOCTH, OTMeEvas ee
JIOKAJIM3ALUIO JIMHUSIMU JIOKQJIbHBIX 3KCTPEMYMOB. Xapak-
Tep OCOOEHHOCTH B TOYKE ONPEAEseTCS U3 aCHUMITOTHYE-
CKOro TOBe/IeHUs Ko3((punueHToB BeWBIET-IpeoOpa3oBa-
HUSI TpU CTpeMJIeHMH MaciTada k Hyio. Hampumep,
3HaueHusT K03(D(UIMEHTOB BeHBJIET-Pe0Opa3oBaHUs J-
(YHKIIMM MaKCHMAJIbHBI HA MaJIbIX MacIiTadax, a ¢ pocTOM
MacmTaba pe3ko YOBIBAIOT, MOBTOPSIS XapaKTep 0COOEHHO-
ctu. V3ommpoBaHHasi OCOOCHHOCTb JIOKAJIbHBIM 00pa3om
BIIUSIET HA KOO(DDUIUEHTHI BEHBIET-IPEOOPA30BAHUS U TIPU
HEOOXOIMMOCTH MOXKET OBITh JIETKO YAaJIeHa U3 CUTHAJIA VI
CKOPPEKTHPOBAHA.

IIpuBeneHHbIE PE3YJIbTATHl MOJIYYEHBI C IOMOILBIO
MHAT-BeliBjieTa, MMEIOILIETO JIBA PABHBIX HYJIIO MOMEHTA
(HyJIeBOI U TIepBbIi). BelBIIETHI e, UMEIOIIUE TOJIBKO OJINH
HYJICBOW MOMEHT, HECIOCOOHBI Pa3jinyaTh OCOOCHHOCTH
MpOM3BOAHBIX. PacmpenencHue Kod3(hPHUIMEHTOB BEHBIET-
npeoOpa3oBaHusl, MOJIYYEHHOE C IOMOILBIO TaKOIo Beid-
BJIETA, UMEET MEHbIIIEe JIMHUHA JIOKAJIbLHBIX 3KCTPEMYMOB.
Hanpumep, 1st IEPBBIX TPEX CUTHAJIOB, OTCYTCTBYET LIEHT-
paJibHas JIMHUSL 9KCTPEMYMOB; OCOOEHHOCTh MPOM3BOTHON
curtaia c neperuoom (puc. l11r) He oTmeuena BooOie, a
ckayuok (puc. 11B) curaana orMeueH OJHOM JIMHUEH SKCTpe-
MyMa.

YeM BblllIe MOPSAOK AHAJIU3UPYIOLIETO BEUBIIETA, YeM
0oJIbIIIe HYJIEBBIX MOMEHTOB OH HMEET, TEM JTy4llle BEHBIIET-
npeobpazoBanne qudhepeHnupyeT 0COOEHHOCTH.

OtMmeTuM, YTO BeHBJIET-peoOpa3oBaHue ¢ BeHBIETAME
Pa3HOro MOPSIKA C YCIIEXOM MOXKET OBITh HCIIOJIb30BAHO JIJIS
BLISIBJICHUS] HAJIMYMsI W XapakTepa Hambojee KpymHOMAc-
ITA0HOW COCTABISOIIEH CHTHAjJa — TaK Ha3bIBAEMOTO
Tperna. [IpumennB k ko3ddunueHTaM pPEKOHCTPYKIUOH-
Hyt0o (GOPMYJIy W BBIUTS PEKOHCTPYMPOBAHHBIA CHTHAJ W3
HCXOJTHOTO, MOYHO BBIJICIUTh Ty CAMYIO KPYITHOMACIITA0-
HYIO COCTaBJISIFOLLYIO, KOTOpasi 00palaercss B HyJIb BCJIE-
CTBHUE HAJIMYHSI HYJIEBBIX MOMEHTOB Yy BeHBJIETA: IOCTOSIHHAS
COCTAaBJISIFOIIAS, IMHEHHBIN WJIM TOJTMHOMUALHBIA TPEeH U
1.11. TakuM 00pa3om, yCTpaHsieTCs 3JIEMEHT CyObeKTUBU3MA,
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KOTOpPBI MOYTH BCErJa MPUCYTCTBYET MPH OMpPEICJICHUN
TpeHJa APYTUMU CIIOCOOAMU.

5.3. ®pakTaabLHOe MHOKECTBO

BeliBneT-mpeobpa3oBaHue ¢ €ro MepapXuieckuM 0a3mucoM
XOPOLIO MPUCIIOCOOJICHO I aHATM3a KACKaIHBIX MPOIec-
COB, TypOYJICHTHBIX CHUTHAJIOB, (DpAaKTaIbHBIX U MYJbTHU(}-
PAKTaJIbHBIX MHOXECTB, MMCIOIINX HEPAPXUIECKYIO MPH-
pony.

[MpuBeneM npumep aHaIm3a GpakTaIbHOTO MHOXECTBA,
MOCTPOCHHOTO HAa OCHOBE OJTHOPOJHOTO TPUATHOTO KAHTO-
poBckoro psima. Kak W3BeCTHO, IPU MOCTPOCHHUU MEPBOTO
MOKOJICHUSI 3TOTO psiga OTPE30K MEIUTCS Ha TPH YaCTH,
cpemHsisi M3 KOTOPBIX BBIOPACHIBAETCS; MPH IMOCTPOCHUU
BTOPOTO MOKOJICHHS TaKasl e MPOIeaypa MPOACTbIBACTCS C
JIBYMsI OCTABIIMMHUCS OTPE3KAMHU M TaK HAa KaXJIOM MOCJIe-
JyrolleM 3Tame 10 OeckoHeyHocTH. Ha pucyHke 12a moka-
3aHbI HEPBBIE ITATBI IOCTPOCHHUS PSIIA.

Ha ocHOBe MOJIyYHMBIIErOCsi MHOXECTBA — KaHTOPOB-
CKOM MBUIM — CTPOUTCS] YHCIOBAS TOCIEIOBATEIHLHOCTD,
cocrosimas U3 HyJded W equHUl (HyJIH COOTBETCTBYIOT
BBIOpACBIBAEMBIM NP IOCTPOCHUH PSi/Ia YACTSIM OTPE3KA).

Ha pucynke 126 noka3aHsl pparMeHThl KapTHH KO3 Pu-
UEHTOB M JIMHUU JIOKAJIbHBIX MakcumymoB. OHH HOCTa-
TOYHO TOAPOOHBI, OMHAKO JIMHEHHOE U3MEHEHUE MaciiTada

T ”)1 i |I/'J| il Illl" [ !||.||[|' o
o (

Puc. 12. TlepBble MOKOJIEHUS! OJJHOPOJIHOTO TPUAJHOTO KAHTOPOBCKOI'O
psoa (a), pparMeHThl KapTUH KO3()(UIMEHTOB M JIMHUIN JIOKAJIbHBIX
MAaKCUMYMOB (6); KapTHHBI JINHUI JIOKATbHBIX MAKCHMYMOB TPHAIHOTO
OHOPOJHOTO KaHTOPOBCKOTO psina (B) M ClydailHOro mpomecca (r) B
JIoTapuhMIYECKOM MaciiTade.
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HE TMO3BOJISIET OXBATUTH OOJIBIION Nuama3oH MaciuTaboB.
YtoOBl MPOJEMOHCTPUPOBATHL OOIIMI XapakTep mpolecca,
Ha puc. 12B CKeJIETOH TOKa3aH B JIOTapU(PMHUUECKOM Mac-
mrabe.

KaptuHa KO3(pQHUIUEHTOB NEMOHCTPUPYET Hepapxuye-
CKYIO CTPYKTYpY aHaJM3upyemMoro MHoxectBa. Eie Goiee
SICHO OHA BUJIHA HA KaPTUHAX JIMHHUN JIOKAJIBHBIX MAKCHMY-
MOB. CKeJIeTOH BBISIBIISIET HE TOJIBKO HEPAPXUUYECKYIO CTPYK-
TypYy aHAIM3UPYEMOT0 MHOKECTBA, HO U CIIOCOO TOCTPOCHUS
(pakTanbHON Mepbl, HA KOTOPOI OHO CHOPMHUPOBAHO.

KasxpIit aTam kackagHor o mporecca, kKaxaoe IpooieHne
MaciiTadba 0OTMEUEHO Ha KapTHHE JIOKAJbHBIX MaKCHMYMOB
BETBJICHHEM, IIOSBJEHHEM XapakTepHoil "Buiouku"
JIMHHSI, OTMEYAIOIAs OJIOKEHHE JIOKAJILHOTO MAaKCUMyMa,
pa3IBamBaeTCs, PACXO/ISICh Ha IBA HE3aBUCHMBIX JIOKAJTbHBIX
MakCUMyMa. DTO HEM3MEHHO MOBTOPSIETCS, TaK Kak Mepa
obyagaet cBOMCTBOM caMOIo100usl ¥ MOHO(paKTaIbHA.

W3BecTHO, 4TO (hpakTaipHasi pa3MEPHOCTD WU pa3Mep-
HOCTh MOAOOHUS OJHOPOJHOIO KAHTOPOBCKOTO  psiaa
Dy =1Inm/Ins, rae m — CKOPOCTb BETBJCHHS, § — Mac-
mMTA0HBIE MHOXHTENb. B ciydyae TpmamHoro psima Dp =
=In2/In3. AHaIOrMYHO pPAa3MEPHOCTH BBIYUCISIETCS IO
ko3 uueHTaM BeHBIET-IpeoOpa3OBaHUs KaK Ipeaes
(Ipu  CcTpeMJIEHUH K HYJIO Maciitada) OTHOIICHUS
InN(a)/Ina; 3nece N(a) — 4HCIIO JIOKAJIBHBIX MAaKCHMY-
MoB. Uem OoJiee BBICOKOTO MOPSIIKA MOKOJIEHHE KAHTOPOB-
CKOTO psifla HMCIOJB3YeTCs, TEM TOYHEE OINpPEHeNIseTCs ero
pa3mepHoCTb; A1 10-ro, 11-ro mokojeHus1 BBIYUCIEHHOE 110
ko3 unueHTam BeiBIET-Ipe0Opa30OBaHUS 3HAUCHHE pa3-
MEPHOCTH IPAKTHYECKHU COBIAIAET C TEOPETUUCCKIM.

Hust cpaBHeHuss Ha puc. 12r mnpeacTaBiieHbl JIMHUU
JIOKQJIBHBIX MaKCUMYyMOB Ciy4allHOro mporecca. Buano,
HACKOJILKO Ja)Ke Ka4eCTBEHHO pa3jMyaroTcs '"IpeBOBUI-
Has" CTPYKTypa CKeJeTOHAa KacKaJHOIo Ipolecca u "rpa-
BOBUIHBIA" CKEJIETOH CIy4aliHOro (MOXHO CpaBHHUThL C
MEPUOAMICCKAMHI CKEJIETAMH TapMOHUYECKHX (QYHKIHMHA U
"kycTamu" JIMHUIA, OTMEYAFOITUMEI OCOOEHHOCTH CUTHAJIOB).

6. AHA/IM3 BpeMEHHbIX
MeTeOpOJIOrHYeCKUX Psi/IOB

B aToM paznerne mpencTaBieHsl pe3yIbTaThl aHAIN3A Peajlb-
HBIX JIAHHBIX — JIOJTOBPEMEHHBIX DSIIOB HAOJIIOJCHUI 3a
U3MCHCHHUSIMH HEKOTOPBIX METEOPOJIOTHYECKUX IapameT-
poB.

6.1. Ilponecc KO:xnoe Kosiebanue — Iiab-Hunbo

IOxnoe Konebanne — KpymHOMAcCIITAOHBIH aTMOC(EpHBII
TPOILIECC, pa3BUBAIOIINICSA HaJ akBaTopuel TUXOro okeaHa.
FOxnoe Konebanue TecHO cBsI3aHO ¢ siBJIeHUEM Dib-HuHBO
— PEe3KUM HOTEIJICHHEM OKEaHWYEeCKHX BOJ BOJIHM3U TUXO-
okeaHckoro mobepexbsi LleHTpanbHoil AMepukH. DTOT
rJ100aJIbHBINA MPOIIecC TUIAHETAPHOTO MaciiTaba B CHCTEMe
atMmocdepa —oxean, HOxuoe Konebanne n Dib-Huubo
(FOKSH umu ENSO — El-Nino and Southern Oscillation),
OKa3bIBaeT 3aMETHOE BJIMSHUE HA JUHAMUKY BCel KJIMMATHU-
YeCKOHl CHCTEMBI IIAHETHI, BO3ACUCTBYS Ha IUPKYJISLIUU
Tanmnest m Yokepa u Ha pacrojIokeHnue o0JIacTeil aKTHBHOMN
KOHBEKIIMH B MPUIKBATOPUATBHON 30HE.

IIpomecchl B TpOMHMYECKO# 30HE, KaK Mpeanosaraercs,
UTPAIOT BAXHYIO POJIb B (POPMHUPOBAHHU AMHAMUKH KIIU-
Marta B Maciradax gecatuwieTus u 6osee. OnuiiemM KOpoTKo
3TO Ype3BbIYAitHO MHTEpecHOoe 1 BaxkHOe siBjieHne FOKOH —
cBoeobOpasuble "uanoru BeTpa u Mops".

PoxnecrBenckoe mutsi — El-Nino (mcrianckoe miist Christ
Child), — Tax u3gaBHa Ha3bIBaU phibaku DkBagopa u [lepy
TEIUIOE TEYCHUE B OKEaHe, IOSBJISIBIIEECS 4Yallle BCEro K
PoxnectBy u cyiiecTBOBaBlliee B TEYEHHE HEKOTOPOTO
BpeMeHH. B 3TOT nepuon perdoa He JIOBUJIACH (MIPEKpaIalics
npuOpeXHbIN anBeuIMHT). Temsioe TeueHHe (M KAHUKYJIbI)
MOTI'JIO MOSIBUTHCS B Mae WM JaXe B UIOHE, OJTHAKO TEPMUH
Onb-HuHbO 32 HUM W CBSI3AHHBIMU C HUM SIBJICHHSIMH C
TOIaMU 3aKPETHIICS.

B 1920-x romax M3BECTHBIN aHTJIMACKHUIA YYeHBIH Y OKep
(Gilbert Walker) pabotan B naun Haj npobyieMolt mpen-
CKa3aHMUsl MYCCOHOB, IPUHOCSIINX HHOIAA KaTacTpoduye-
ckue JUBHU. V3yuasi, B YaCTHOCTH, MOKa3aHUsi 0apoMeTpoB,
OH OOHApYXWJI 3aBUCHMOCTh MEXIy AAHHBIMH, MOJIy4YeH-
HBIMH Ha CTAHIUSIX B 3aIaJHON U BOCTOYHOM YacTsax Tuxoro
okeana. Tepmun FOxnoe Kosebanme ObLI BBeJIeH UM IS
0003HAYCHU ST AHOMAJIHI MTPU3EMHOT0 aTMOC(HEPHOTO JTaBJie-
HUSI BAOJIb TPOMUYECKOM 30HBI. UepegoBaHue 3HAKOB aHO-
MaJiii HAOMUHAET TUTaHTCKUE Kayesd, MepeKaynBaroIye
Macchl BO3AyXa Mexay BocTouHbIM 1 3amaHbIM MOJTyIIa-
PUSIMHU.

BOsusu nentpos neiictBust FOxunoro Konebanus npo-
THBOTIOJIOKHOTO 3HAKa HAXOASATCS CTAHIMU, PACIOJIOXKEH-
Hble Ha octpoBe Tamtu (17° ro.m., 150° 3.1.) U B ropoje
Hapsun (12° 1o.m., 150° B.x.). Cunraercs, 4TO BpeMEHHOR
Pl pa3sHOCTeW HOPMAJIM30BAHHBIX AHOMAJIMU JaBJICHUS
atux cranumit (uanexc FOxuoro Kosebanust C(1)) siBysiercst
Hanbosiee OOOCHOBAHHOW XapaKTEPUCTUKOW BpEeMEHHOH
nunamMuku FOxxnoro Konebanusi.

CBsI3b MEXY 9TUMU IBYMS SIBIICHUSIMHE, DJIb-HuHBO (B
okeane) n FOxunoe Konebanne (B atmocdepe), Obuta ocos-
HaHa TOpAa3/lo MO3Xe — IMOocie CHUiIbHOTO Oib-Huubo B
1957 r. lonroe BpemMst oOLIENPUHSTON SIBJISIJIACH HHTEPIIPE-
Tauusi 3TOM CBSA3M, OCHOBAaHHasi Ha runorese Buptku
(Wyrtki) [18], xopoio mpowumrocTpupoBanHasi B [19] u
COCTOSIIAS B CIIETYIOIIEM.

IIpu HOpMaNBHBIX ycioBuUsX, C = (), ceBepO-BOCTOUHBIE
U IOTO-BOCTOYHBIE MACCATHBIE BETPHl HATOHSIFOT TEILIYHO
BOAY B 3amaJHyIO0 4acTb THXOro okeaHa; YypOBEHb MODS
3aech Ha 40 cM TPEBBIIIAET YPOBEHb MOpPSI B BOCTOYHOU
gacT. CTOH BOJIbI COIPOBOXIAETCS AMBEJUIMHI OM — HOJIbe-
MOM TJIYyOMHHOM XOJIOJHOM OOTaTOi MUTATEILHBIMHA Bellle-
CTBAMU BOJBI Y THXOOKEAHCKOTO To0epexbsi FOxHON Ame-
puxu. [Ipu C > 0 onucaHHbIE SBJICHUS BBIPAXKEHbI CHIIbHEE.

Korna mnpexkc C ymeHbIIaeTcss ¥ CTAHOBHUTCS OTpHLA-
TeJIbHBIM, TPAJUEHT JaBJICHUS MEXIY BOCTOYHOHN M 3amai-
HOW 4YacTssmu Tuxoro okeaHa 3aMeTHO yMeHbInaetcs. He
WCIBITHIBAsE CONPOTUBJICHUSI BETpa, TeIUIasi BOJA YCTPEM-
JIsleTcsl Ha BOCTOK, nocturaeTt 6eperos FOxHoit AMepukn u
3aTEM JBIDKETCS K CEBEPY, K FOTY U B BIJI€ OTPAXKEHHOM BOJIHBI
— Ha 3anaj1. O0J1acTh TEII0H BOIbI OBICTPO PACIIMPSIETCS.

[ToBblleHNe TeMITEPATYPHI TOBEPXHOCTH B BOCTOYHOU 1
[EHTPAJBHON YacTsax TUXOro okeaHa MEHSIET PACHOJIOKEHNE
ob6nacteit koHBeknuu B aTtMmocdepe. OOBIYHO KOHBEKIHS
akTuBHa Hala VHpOoHeswmed um B 3amagHoM 4actu Tuxoro
okeaHa. C ymenbliienuemM unjekca FOxunoro Kosebanus B
OKPECTHOCTSIX aBCTPAJMUCKO-UHIOHE3UICKOTO IIeHTpa Aei-
CTBHUS HACTYNAeT MEePUOJ OYeHb CyXOW IOTOJbI, 4 B IIEHT-
paJIbHBIX ¥ BOCTOYHBIX YACTSIX THUXOro OKeaHa, rne J0Xaen
O0OBIYHO HE ObIBAET, HAYMHAIOTCS POJIMBHBIE J0X 4. Hace-
JieHne IpuOpexHbIX cTpaH FOxxHOW AMepuky cTpaiaeT oT
HAaBOJHEHUI U IIKBAJIOB; U3-3a MPEKPAILIECHHS TPUOPEKHOTO
aIBeJUIMHTA M BBIHOCA MUTATEIbHBIX BEIECTB MUTPUPYIOT
WU THOHYT pBIOBI, MTHIIBI, XHBOTHbIC. TakuWe MepUOIbI
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OBIBAIOT IUTENBHBIMU, U 3TO CTAHOBUTCS HACTOSIIUM
9KOJIOTHYECKUM OEJICTBUEM.

MemnsieTcst pacoIoKeHnue 00JacTell KOHBEKIINH B ATMO-
chepe He TONBKO Haja THXUM OKEaHOM, HO W BO BCei
npuIKBaTOopuasibHOM 30He. Cyxasi mMorojga MPHUXOIUT Ha
3anajHble mooepexbs Adpuku u FOxHoW Amepuku, re
OOBIYHO BBIIAAACT HOPMAJbHOE KOJHUYECTBO OCAKOB.
HabmrogaeTcst cMmelieHne myTeid pacnpoCTpaHEeHUs TPOIYe-
CKUX TIHMKJIOHOB. B Atiantuke mpu Dib-HuHBO 3aMeTHO
yMeHblIaeTcs, a Bo Ppannysckoil Ilonunesun ypennuu-
BAETCs YUCJIO THEH ¢ TPONMMUECKUMH ITUKJIOHAMH.

Xoporeit mwuroctpanueit cesizu FOxuoro Konebanus u
Onb-HuHbo sBisitOTCS pe3yiibTaThl paboTwl [20], TAe, B
YACTHOCTH, WPEJICTABJICHBI JIOJITOTHO-BPEMEHHOW pa3pes
AHOMAJINH TOBEPXHOCTHOM TeMIepaTypbl Ha JKBATOpE WU
CHHXPOHHBIN X0 uHAekca FOxxHoro Kosebanus 3a 1979 —
1988 rr. M30oTepmbl CTpOMIMCh TO JAaHHBIM BalvMHrToH-
CKOTO IIEHTpa KJIMMATUYECKUX aHATU30B. B paccMmaTtpuBae-
MBI OTPE30K BPEMEHH IMONAJIH TPH TEILJIBIX U TPH XOJIOAHBIX
3MU3044.

CpaBHeHHE JOJTOTHO-BPEMEHHOIO pas3pe3a aHOMaJIHid
MOBEPXHOCTHON TEMIIEPATYPhl HAa 3KBATOPE U CHHXPOHHOTO
xona uHaekca FOxuoro KoneGanust C(7) MO3BOJISET BbIs-
BUTb HEKOTOpPBIE 3aKOHOMepHOCTH. OTMETUM MO KpaitHeu
Mepe TP XapakTepHbIX MOMeHTa. VIMeeTcst oTpunaTeIbHast
Koppensimust Mexay C W TeMIepaTypodl TMOBEPXHOCTH
okeaHa: yeM Ooibine C, TeM HIXKE TeMIepaTypa, U 4Yem
OoJsbllle TIO MOAYNIO OTpHUATeNbHOEe 3HaueHue C, Tem
BbIIIe TeMrepaTypa. [TosoxkuTeIbHbIe aHOMAJIMY TeMIepa-
TYPBI COXPAHSIIOTCS JOJIbIIIE, Y€M OTPHUIATEIbHbIC 3HAUCHHS
unjekca C: Bo BpeMs pa3Butus Diab-Huabo ymensmenue C
HAYAHACTCSI OJTHOBPEMEHHO C MOSIBJICHUEM TOJIOXKUTEIBHON
AHOMAJIMM TEeMIepaTypbl B BOCTOYHOW dacTtu Tuxoro
okeaHa, yBesnueHue xe C mocjie MUHUMYyMa HaUMHAETCs Ha
3—4 mecsna paHblie, YeM MajJeHne TeMnepatypsl. Temmepa-
Typa B JKBAaTOPHAJBHOW 30HE ATJIAHTHYECKOTO OKeaHa
U3MEHSETCS HEe3aBUCMMO OT aHoMaymii B Tuxom okeane, a
KOJIeOaHUsl TeMIEepaTyphl B 3aMaTHON YacTH 3KBATOPHUAJIb-
HOH 30HbI VIHIMICKOTO OKeaHa U B BOCTOYHOMU yacTu Tuxoro
OKeaHa KOpPeIupyroT.

AnomainbHblii HarpeB Boa B Tuxom u Muauiickom
OKeaHaX MPHUBOJUT K HATPEBY 3KBATOPHAIBHON aTMoc(hepbl
1 000CTpSET KOHTPACT TEMIIEPATYP Ha 3KBATOPE U MOJIFOCAX,
4TO B CBOIO OuYepedb BEAET K YBEJIMUEHHIO MHTEHCHUBHOCTHU
30HAJILHOM IUPKYJISIINY.

HeoObr4HOE pacnosiokeHue 00JiacTel MOBBIIICHHON KOH-
BeKIMH pu Db-HuHBO BO3MyIaeT atMochepHyro IUPKY-
JISIIAIO He TOJIBKO B MPUIKBATOPHAILHOM 30HE, HO ¥ HA BCEM
3eMHOM Imape. CBsi3aHHBIE C 3THUM AHOMAJMH IOTOJIbI
O0OHapY>KUBAIOTCSI B 30HaX YMEPEHHBIX IIMPOT. Tax, CHIIb-
Hoe Db-Huubo 1982 —1983 rr. npusesio k TOMy, 4TO 3UMOU
19821983 rr. ¢ CeBepHoit ATnaHTUKH uepe3 CKaHAMHABHIO
JIBUTJIMCh HA BOCTOK HEOOBIYAITHO WHTEHCUBHBIE IIUKJIOHBIL.
HamoMHIM, YTO BbI3BaHHBIC UMM IITOPMBI pa3Mbu Kypir-
CKYIO KOCy. MHOTHE IPUPO/IHBIC SIBJICHUS, TPOUCXOISIIINE BO
BpeMsl JeHCTBUSL Dyib-HUHBO, UMEIOT TSKEJIbIe IKOJIOTHYEe-
CKHE ¥ 9KOHOMMYECKHE TTOCIEACTBHSI.

Heynusutenbno, uto mponece FOxnoe Kosebanue—
Onb-HUHBO W €ro TOCHENCTBUSL SIBIISIOTCS MPEIMETOM
HEYracaroliero yxe MHOTHE T'0/ibl BHUMAHUS HUCCIIEI0BATE-
seit. ITocnenunee necsiTuiieTie ObLIO MOCBSILEHO €r0 MPUCTA-
sbHOMY u3y4yeHuto (mporpamma TOGA). ITosy4eHbl HOBbIC
JaHHble, nHTepnpeTraus cBsizu FOxuoro Konebanus ¢ Diib-
Hunbo, ocHOBaHHAas Ha runote3e Buprtku, npereprena

2*

HEKOTOPbIe U3MEHEHHUs. BBISICHUIIOCH, YTO TIEPHOIUNIHOCTD U
cuenapun FOKOH 3amMeTHO MeHsitoTCS BO BpemeHH. Tak,
AHOMAJIHS TIOBEPXHOCTHOM TeMIIEpaTypbl MOXKET MUTPUPO-
BaTh HE TOJILKO HA BOCTOK, HO W HA 3amaj; MSATHO TEIUION
BOJBI MOXET He JOoCTHTaTh OeperoB DkBamopa u Ilepy, a
OTPaHUYUBATHCS IEHTPAJIbHO YacThio THXOTO OKeaHa U T.I1.

SBnenusm Dnb-Hunbo um FOxHoe Konebanuwe mocss-
[ICHO MHOTO yOJIMKanuii, OJHAKO MHOTHE IETAJIN U3YUCHBI
HEIOCTATOYHO, 0OCOOEHHO Ha MacITabax 6oJiee IeCATHIICTHI
1 MEHEe MeCSIIEB.

OOBEKTOM aHAJIN3a SIBJSIFOTCS CJICYIOIINE BPEMEHHBIC
PSAIBL JaHHBIE, CBUIECTEIbCTBYIONIME O AUHAMUKE COOBITUI
Onp-Hunbo 3a mocnegnue 500 sner uz [21] (pasmen 6.2),
cpenHeMecsYHble 3HaueHus uHaekca FOxuoro Kosebanus
C(t) 3a mepuox ¢ 1882-ro mo 1990 rr. u3 [20] (pa3zexn 6.3) u
cyrounble 3HaueHus unaekca C(7) 3a mepuoa ¢ 1981-ro mo
1990 rr. (pasmen 6.4), TMOJIyYeHHBIE COTPYIHHKAMU
JA.M. Coneukuna (I'mapoMeTeoneHTp); YaCTUYHO PEe3YJib-
TaThl aHanmmM3a JAuHamMuku uHiaekca FOxuoro KoseGanus
ony0JIMKOBaHbI B [22].

JJ1s BBISIBJIGHUS! CBSI3M MEXIY TJIO0AbHBIM IMOTEILIe-
HueM U Oab-Hunbo mnpoBelneH aHaimu3 psigoB  [IxoHca
(Jones) [23] — psaoB aHOMAJIHMI CPETHETOIOBBIX 3HAYCHUH
MPUTIOBEPXHOCTHOW TeMIepaTyphbl Bo3ayxa (rj100ajbHON U
noJymapHoi) 3a nepuona 1850—1990 rr. (cm. paznen 6.5).

6.2. 500 set u3 xku3nu Jab-Huxbo

JlanHble 00 aHOMAJIMSX JABJICHUS U TOBEPXHOCTHOM TeMIIe-
paTypbl OXBAaTBHIBAIOT 4yThb OoJiee CTOJETHS, MOCKOJbKY
cUCTeMAaTH4YeCKue HAOIIFoeHNs] HAYaJIUCh HE OYeHb JIaBHO.
CyIIeCTBYIOT MHOTOYHCJICHHBIE MOMBITKH PEKOHCTPYKIIUU
6osee yem TeicsuesieTHerd ncropun FOKOH. Ilpu pekon-
CTPYKIIMM UCTIOJIb3YIOTCS KOCBEHHBIC CBUACTEILCTBA, KOTO-
pbIe MOTYT TOBOPUTH O COOBITUSAX DIb-HUHBO (MCKOTIaeMbIe
OCTATKM, XPOHUKH H T.H.). Hampumep, cBuaeTeIbCTBA O
3acyXax ¥ HABO/IHEHHUSIX, COCTOSIHAU CHETa U JIbJ]a HA TOPHBIX
BEPIIIMHAX, COCTABE HMCKOMAeMOl MHUKPOQIOPHI, CKOPOCTH
pocTa ckeyieTa KOpaJuloB, KOJIbIIaX POCTa IEPEBbEB U JP.

Haubonee 1ocTOBEpHBIMU HAM IPEACTABJISIOTCS ITaHHBIE
u3 [21] o wacrore cobbiTuil Dnb-Huubo 3a nociaennue 500
neT. [laHHBIE OCHOBAaHBI HA CBHUIETEJILCTBAX O KOJMYECTBE
Taitpynos B FOxxnom Kurae, X0moaHbIX 3uMax B BocTounoit
A3sum, 3acyxax B ABCTpaJinu, HaBOJHeHUSX Ha Huie u B
ITepy, npuuMHONR KOTOPBIX MOIJIU SIBUTHCSI COOBITUS DJib-
Hunrbo, 1 npeacrasiensl B Tad. 2 [21].

AHaM3upyeMblil PSSl COCTOUT M3 HYJIeH (B TO/bI, KOT/AA,
110 MHEHHIO aBTOpa paboThl [21], BeCh KOMILJIEKC KOCBEHHBIX
JIAHHBIX CBUETEILCTBYET 00 OTCYTCTBHU COOBITHHA DJib-
Hunbo) u equnu (B rogsl ¢ 9nb-Hunbo). 3a nepuon ¢ 1470-
ro nmo 1987 rr. o6Hapyxeno 114 coObituii Dnb-Hunbo co
CpEIHUM UHTEPBAJIOM MEX/y HUMHU OK0J10 4,5 siet (B Tab1. 2
TIEPEYUCIICHBI TOJIbI, KOT/Ia OHHM TPOUCX0oauin). ABTop [21]
OTMEYaeT BO3MOXHOCTD CyIeCTBOBAHMS 70-JI€THETO MUK
7 B Ka4YeCTBE WJUIFOCTPAIMH MPUBOIUT YCpeaHEHHbIe mo 10
rojJiaM JaHHbIE, PACIOJIOKEHHBIC B TIOPSIKE, MPEICTABIICH-
HOM B TabI. 3.

Ha pucynke 13a mpencraBieH rpaduk 3aBUCHMOCTH
yrciaa coobituil Dab-Huabo oT Bpemenu. s ymoOcTBa
TMOKa3aHbl YCPEIHEHHbIE MO [EeCATH TOIaM 3HAYCHUS —
BUJHO, YTO 3a JECATUJIETHE MPOUCXOIUIO OT OJHOTO 10
yeTblpex cobOblTuil Dab-Hunbo. Kaptuna koaddunuenton
BeliBJIeT-IpeoOpa3oBaHus HEYCPETHEHHBIX TaHHBIX, COCTOS-
IIUX U3 psijia HyJIel U eJMHUII, Toka3aHa Ha puc. 130. [llkana
BPEMEHH 3/IeCh COBIIAZAeT ¢ OChIO abcrucce rpaduka, mkaja
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Ta6muua 2. Cobbitust Dap-Hunbo ¢ 1470-ro mo 1989 rr. [21] Tao6muna 3. KosmuectBo coObituii Diab-Huabo 3a gecsaruieruss —
nemoHcTpauus 70-neTHero mukia [21]

Toabr CoObbITHs Cymma| Toger CoObITust CymmMma

1500-¢ | 1510-¢ | 1520-¢ | 1530-¢ | 1540-¢ | 1550-¢ | 1560-¢
1470-¢ | 73-74, 79 2 1730-¢ | 36 1 1 1 3 2 3 2 2
1480-¢ | 84, 87-88 2 1740-¢ | 40, 42, 44, 47 4
1490-¢ | 90,93, 96-97, 99 4 1750-¢ | 54, 56 2 1570-e | 1580-¢ | 1590-¢ | 1600-¢ | 1610-e | 1620-¢ | 1630-¢
1500-¢ | 09-10 1 1760-¢ | 61, 63, 65-66, 69| 4 1 1 2 3 3 1 2
1510-e| 17-18 1 1770-e | 71,73, 75, 78-79 4
1520-¢ | 20-21,25-26,29-30| 3 || 1780-¢ | 82-83, 86-87 2 1620'6 16510'e 16610'8 16720'e 1620'6 16920'6 17(;0'6
1530-¢ | 32-33, 39 2 [[1790-¢| 91,98 2 Lo,
1540-¢ | 41,45, 47 3 | 1800-¢ | 03-04, 06-07 2 cobbi- | 1710-¢ | 1720-¢ | 1730-¢ | 1740-c | 1750-c | 1760-c | 1770-c
1550-¢ | 52-53, 59-60 2 | 1810-¢|12-13,15, 17 3 s 1 3 1 4 2 4 4
1560-¢ | 65, 67-68 2 1820-¢ | 21, 24-25, 28 3
1570-c | 78 1 1830-¢ | 31-32, 36-37 2 1780-e¢ | 1790-e | 1800-¢ | 1810-¢ | 1820-¢ | 1830-¢ | 1840-¢
1580-¢ | 85-86 1| 1840-¢ | 44-45 1 2 2 2 3 3 2 1
1590-¢ | 90-91, 95-96 2 ||1850-¢| 50, 54-55,57-58 | 3 - - - - - - -
1600-¢ | 00, 04 07 3 1860-¢ | 64. 66, 68 3 18206 18(;06: 187106 lSiOe 189306 19(;06 191306:
1610-¢ | 10, 14-15, 18-19 3 1870-¢ | 77-78 1
1620-¢ | 24-25 1 1880-¢ | 80-81, 84, 88 3 1920-¢ | 1930-e | 1940-¢ | 1950-¢ | 1960-¢ | 1970-e | 1980-¢
1630-¢ | 34-35, 37-38 2 1890-¢ | 91, 96, 99-00 3 1 1 2 3 3 2 2
1640-¢ | 40-41, 47 2 1900-¢ | 02, 04-05 2
1650-¢ | 50 1 [ 1910-e|11,13-14,18-19 | 3 Cymma | 11 12 12 20 20 15 17
1660-¢ | 60-61 1 1920-¢ | 25-26 1
1670-e| 71,74 2 1930-¢ | 30 1
1680-¢ | 80-81, 84, 87-88 3 | 1940-¢ | 40-41, 44-45 2 HIDKHEN 4acTU KapTUHBI BUAHBI BCETO JIMILIbL ABE C HEOOJIb-
1’6/38'6 gf (9)2 o g igzg'e 2; 22 2;23 g MM KpynHOMaciITabuele (¢ Macmrabom Gonee 150 ser)

-C , U4, -C , 09, 60~ c

1710 | 1516 | 1970-c| 72. 76 5 ILETaJ'II/I; CO’BepHJEHHO OTJ'IITI‘IHaSI CTPYKTypa Ha6J'I}OIlaeTC$['B
1720-¢ | 20-21, 23, 25 3 1980-¢ | 82.83. 86-87 ) BEPXHEM 4YaCTU KApPTUHBL: NPAKTUYECKA BCS BPEMEHHAS

MacmtaboB smHeiHO pacter BHU3 A0 300 set (4ToObI
MOKa3aTh BCE KPYMHOMACIUTAOHBIE [eTajd, KOTOphIE
MOHO TOJYYUTh TPH AHAJIN3E€ HUMEIOIIETOCs KOHEYHOTO
psna).

Ha pucynke 1306 oOparmraet Ha ceOs BHUMaHUE TOT (DAKT,
YTO MAacCIITab OKOJIO COTHHM JIET pa3esiseT KapTHHY KOdhhu-
LIMEHTOB Ha JIBe 3aMETHO paszjuyaromuecs obiactu. B

JNIMHAMPKA aHAJM3UPYEMOTO IpOoIlecca COCPEeTOTOYCHA Ha
macmrabax go 100 ner.

Pacnipesenenne motHocTr sHeprun Ey(a,b), nokasas-
HOE Ha puc. 13B J1s BepXHeW TpeTH Arana3oHa MaciTaboB
(mo 100 set), mo3BoJIsleT OoJiee AETAIbHO HM3YyYHTh Bpe-
MEHHYIO CTPYKTYpy mporiecca. HecMoTpst Ha sIBHYIO HecTa-
MUOHAPHOCTbH, BOJIN3M HEKOTOPBIX MACIIITA0OB BHIIHA MTOXO-
Kasi Ha TIEPUOINYECKYIO CTPYKTYpa. Tak, B HauaJie U B KOHIIE
AHAJIM3MPYEMOT0 BPEMEHHOT'O OTPe3Ka BBIICIISIOTCS 10 TPH

Puc. 13. Tunamuxka kosmdecTBa coobrtuii D1b-Hunbo 3a 500 et (a), kapTuabl KodddunueHToB (6) 1 pacnpeaeaeHns IIIOTHOCTH SHEPI U (B).
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neranu ¢ macmrabamu okoso 40 jer (B KOHIE psiia OHU
MEHee MHTEHCUBHBI). B cepemmne pucynka sta 40-IeTHsS
MEPUOANIHOCTh TPEPHIBACTCS — 3/1€Ch BHIHBI HECKOJIBKO
JeTajeil ¢ Macimrabamu okoJio 25— 30 JieT, KoTopbie HopMu-
pPYIOT IIBe KpymHOMACHITAOHBIE AeTaiu (MPHOJIHU3UTEIHHO
85-90 net). KpoMe TOro, MOXHO OTMETUTh HECKOJIBKO
JIUATIA30HOB JIOKAJBHBIX MEPHOJUYHOCTEH ¢ MaciradaMu
oT 8 mo 11 siet (4 ¢ erie MEHBIIIUMHU).

Macirab 9— 10 jtleT 00BIMHO CBA3LIBAIOT C 18,6-1€THUM
JIYHHBIM IIHKJIOM, KOTOPBIA MPHCYTCTBYET B JHMHAMHKE
3acyX, HaBOJHEHUN W B Xoae TemiepaTtypbl B CeBepHOM
Awmepuke [24]. Macmtab okoJio 40 jiet MoXeT ObITh CBSI3aH
¢ 70—80-1eTHUM IHUKJIOM COOBITHI Diab-HuHLO, 0OTMEYeH-
HBIM B [20, 25]; mpuyMHBI T€HEpaluuu 3TOr0 IMKJIa IOKa
HesICHBL. [1OTIBITKY CBS3ATh €r0 C BYJIKAHMYECKOM I TeTbHO-
CcThIO [26] He TpenCTaBISIOTCS OOOCHOBaHHBIMH. Tperuit
XapakTepHblii Macmrad, okoio 150 jer (emy cooTBet-
CTBYIOT TpPH cCaMble KpPYIMHOMACIITAOHbIE [JeTald Ha
puc. 1306), HaXOAMTCS HA TPAHULIE TOYHOCTH M3-32 KOHEYHOU
JUTMHBI AHAJIM3UPYEMOTO Psla ¥ MOXET OBITh NPU3HAH
HEIOCTOBEPHBIM.

Takum oOpa3om, BelBJeT-IpeoOpa3oBaHue, OJHA U3
CIUILHBIX CTOPOH KOTOPOT'O COCTOMT B BO3MOKHOCTU aHa-
JIn3a CTPYKTYpbl HEOTHOPOTHBIX MPOIECCOB, MOKA3AJIO
caenyromee. CylecTBYIOT JIOKAJIbHBIE TEPHOIUYHOCTH
cobpiTiii Dnb-Huabo ¢ macmrabamm ot 8§ mo 11 jer;
HEOOXOIMMO JTOTIOJHUTEILHOE H3YUYCHHE BOIIPOCa, CBA3AHbBI
Ju OHM C 18,6-JIETHUM JIYyHHBIM IUKJIOM WU 22-JeTHUM
LUKJIOM COJIHeYHOH akTuBHOCTU. O MaciiTabax MeHblie 7 —
8 JIeT Ipu rOAMYHBIX TaHHBIX TOBOPUTH HE MMEET CMBICIA.

BeiiBner-ananm3 He mokaspiBaeT ycroiumBoro 70-—80-
JIETHETO IHKJIa COOBITHI Diib-HUHBO: CyIIecTBYeT HECKOIhb-
KO MPOJIOJKUTEIHHBIX 3TIOX MMOBTOPSIOIICHCS M TETLHOCTH
(oxo0110 40 J€T), MePUOJUIHOCTh KOTOPBIX NPEPHIBACTCS B
cepeaune psna. [IpuunHbI 5TOT0 NpepbIBaHUS OKA HESCHBIL.
OHO MOXeT OBITh 0OYCIIOBJICHO U OOBEKTUBHBIMU (PH3HIUe-
CKUMH TPHUYMHAMHU, W CYOBEKTHBHBIMH: AHAJU3UPYEMbIe
JIaHHBIE PEKOHCTPYUPOBaHbI aBTOPOM paboThI [21] o 60J1b-
oMy HabOpy KOCBEHHBIX CBHUAETEIbCTB, M OTCYTCTBHE
HEKOTOPBIX M3 HHUX (32 COOTBETCTBYIOLIMI CepeluHe psiaa
MEPUO BPEMEHHN) MOTJIO IIPUBECTH K MCKAXKEHUIO KAPTUHBIL.
HekoTtopsle npu3Haku (HanpuMmep, coxpaneHue (pasbl Koje-
OaHms) YKa3bIBAIOT HA BO3MOYXHOCTH CYIIIECTBOBAHHUS YCTOM-
quBoro 70—80-meTHero nukiaa coOeituit Dib-Hunbo. O
GoJiee JUIMTENBHBIX 3MOXaX HE MO3BOJISIET TOBOPUTH KOHEY-
Hasl JUIMHA Psiaa.

I[lpr  wHTepmpeTamuu  pPe3yJabTATOB  HEOOXOIUMO
MIOMHUTb, YTO aHAJM3UPYEMbIe JaHHBIE PEKOHCTPYUPOBAHBI
10 KOCBEHHBIM CBHJICTEJILCTBAM U, KDOME TOT'0, HE COJIEPKAT
nHbOPMAIMM HU O JJIUTENbHOCTH, HU 00 MHTEHCUBHOCTHU
nporecca (OHH OTPaXXaroT TOJIBKO HAJINYUE U OTCYTCTBUE
coObITusl Dnb-HuHBO B TeueHWe TOda) M HE COAEpXKAT
nHbopManmu 06 anTu-Dib-Huabo, wim Jla-Hunba, sBisto-
merocst HeoTremJieMo yactTrero npouecca FOKOH. Muoro
6outbIle ¥ TOpasao 6oJiee JOCTOBEPHON HHDOPMAIIUY COIep-
KaT JaHHble HAOJIOACHWA 3a U3MEHEHMSIMH HHAEKCA
FOxunoro Kosnebanust 3a mociegHee CTOJIETHE.

6.3. CpeaneMecsiMHbIe 3HAYEHUS

nnaexca IO:xnoro Kosaebanns

Hanomuunm, uto unaekc FOxuoro Konebanus C(f) — 3to
OTIPE/IEIEHHBIM 00Pa30M HOPMHPOBAHHASL PA3HOCTH aTMO-
cepHOro IaBIICHUS, U3MEPSIEMOTO0 HA YPOBHE MOps Ha
CTaHOUAX, PACHOJIOXKCHHBIX BOIN3M HEHTPOB I[eﬁCTBHSI

FOxnoro Kosebanusi. OOBIMHO OH BBIYHCIISICTCSI CIICTYEO-
muM o0pa3oM. bepyTcsi BpeMeHHBIE PSibl IaBJICHUS CTAaH-
it Tautu u lapsuna py, 1, (MHAEKCH y, m 0003HAYAI0T FOA U
mecsn). [1o HUM BBIYHUCISIOTCS PSIbI HOPMAJU30BAHHOTO
naBienns CraHiit Py = (py,m — (Pm)) /e, 30€Ch (pm) —
Ccpe/lHee MHOTOJIETHEE 3HaueHHe (HOpMa), BBIYUCIIEHHOE IO
CpeaHeMeCSIYHBIM JTaHHBbIM 3a mepuof 1951-1980 rr.; ¢ —
CTaHIAPTHOE OTKJIOHEHHE, BBIYACIIEHHOE I10 BCEM 3HAUCHHSIM
aHoMmasuii pasiieHus 3a nepuon 1951-1980 rr. 3artem
BBIYUCIISIOTCS HOPMAJIM30BAHHBIE AHOMAJHMU [aBJICHHS
cranmuit Tautn (uupexc T) n Jdapsuna (uanexc D) 6y =
=P}, — PP, W, HakoHem, BBIYHCIAIOTCS 3HAYCHHS
uaaexca FOxnoro Konebanus: Cy y = dy /0 (0 — cran-
JAapTHOE OTKJIOHEHME BCEX PA3HOCTEH Jy , 3a TOT Ke
6a3oBblit iepuoa Bpemenu ¢ 1951-ro mo 1980 rr.). OTpuna-
TeJbHBbIC 3HAYCHUSI ITOTO MHJEKCA TECHO CBS3AHBI C COOBI-
TUsIMU DJb-HUHBO, MOJOXUTEIbHBIE, COOTBETCTBEHHO, C
Jla-Hunsa.

Ha pucynke 14 npencraBieHbl n3MEHEHUE CPETHEMECS Y-
HbIX 3HaueHui uuaexca C(r) 3a mociennue 108 set (puc. 14a)
u  KapTuHa KO3(Q(QUIMEHTOB BeilBJICT-MpeoOpa3oBaHus
(puc. 140) B TakoM amamna3oHe MaclITaboB, YTOOBI OXBa-
TUTh N0 BO3MOXXHOCTH BCE KPYNHOMACIUTAOHBIE AETaJIU
TpoIIecca, ONMUCHIBAEMbIE 3TUM KOHEYHBIM PSAOM (MaciITad
JIMHEHO pacteT BHU3 110 97 jer). Ha pucynke 148 npenacra-
BJICHO pacIpe/iesieHHe MIIOTHOCTH SHEPTUU CPETHEMECSIHBIX
3Havenuil uuaekca C(7) B Gosee MelkoMacIITabHOMH 06J1a-
cTi, MaciuTabd mensiercs 10 10,5 jeT.

OOpamaroT Ha ce0s1 BHUMAaHUE JIBA KPYITHOMACIITAOHBIX
MMHIMYMa [IOYTH Ha IPAaHULAX psiaa 1 BeTBaieecs ""nepeso”

10,5 =
JIET

Ay

29
JIeT

Puc. 14. Cpennemecsiunble 3HaueHus uHaekca FOxuoro Konebanus (a),
KapTuHa K03 purmenTos (6), KapTHHA paclpeesIeHns IIOTHOCTU Hep-
rum (B), a TAKXXe KapTHHA K03 PuIeHToB () 11 pparMenTa, B3aToro B
paMKky Ha puc. 0.
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[VOH 1996

MOJIOXKUTEBHBIX 9KCTPEMYMOB My HUMU. CTBOJI AepeBa
W JABE €ro IMOYTH OJHOBPEMEHHO HAUYMHAIOIIHMECS BETBU
BBIICTISIIOT [IBAa MPAKTUYECKH OJWHAKOBBIX Nepuoma —
Mexay Dnb-HuHbO Ha rpaHUIax JepeBa M B €ro CepeirHe
o 39,8 set (uTo coryacyercs ¢ Macirabom okoJio 40 set
st 500-7eTHUX JaHHBIX U CBUIETENLCTBYET B TMOJIB3Y
cylecTBoBaHus 75— 80-JIeTHETO 1MKJIA).

Pacnpenenienue mioTHOCTH 3Hepruu (puc. 14B) mokasbi-
BaeT, YTO MEJIKOMACIITA0HAas YacTh MpoIlecca AEMOHCTPH-
pyeT HaJIMYue TUANa30HOB JIOKAJIBHBIX MEPUOTUYHOCTEN H,
KpOME TOT'0, KaUeCTBEHHOE OTJIMYME CTPYKTYPHI poliecca B
OTPE3KU BpEeMEHH, MPHUHAIJIEKAIINEe U HE MpHUHAJIeKAIINE
nepeBy. BHyTpeHHSIS1 yacTh JepeBa COAECPKUT, B OCHOBHOM,
JIeTalM C XapaKTepHbIMU Macmitabamu okosio 30 u 12
MecCsIIeB, a BHEITHHE YacTH JIepeBa COCTABJICHBI, B OCHOB-
HOM, U3 JieTajiell ¢ MaciTabom okoJjio 18 Mecsiies.

B03MOXKHO, HAJTMYIHMEM 310X C Pa3HOI BpeMEHHOM CTPYK-
TYpOi MOXHO OOBSICHUTh OTMEYaeMOe MHOTUMH aBTOPAMHU
W3MEHEHNE XapakTepa cueHapueB JDib-HuHbO mocie cepe-
nuHbl 70-X TOAOB. B 9TOM CBSI3M clleAyeT cka3aTb, YTO MpPH
myyeranu mporecca FOKOH (u, BO3MOXHO, HE TOJIBKO
FOKDH) He cneayer nenaTb CIMIIKOM KaTerOpUYECKUX
BBIBOJIOB, ONUPASICh B aHAJIM3€ Ha HAOJIIOIEHUS B TE€UCHUE
TOCJIETHUX HECKOJIbKHX JecaTuieTnii. Heobxomum aHamm3
ropazao Oojee MpeaCcTaBUTENbHBIX TAHHBIX (B HAIIIEM CIIy-
yae, Halpumep, psiabl HaOmrogeHud 3a mocnennue 30 yet
0Ka3aJIich ObI HEJOCTATOYHBIMH).

O1HaKO BEpHEMCSl K CTPYKTYpe KapTHUHBI KO3(pPUIIUCH-
TOB. /IBa KpymHOMAacHITAaOHBIX MUHMMYMa Ha TpaHHUIAX
JiepeBa 1 OJIMH MEXY ero BETBSIMU COOTBETCTBYIOT MHTEH-
CHUBHBIM U IPOJOJKUTEIILHBIM sIBJIeHUSIM DJ1b-Huabo 1899 —
1902, 19401941 u 1982 — 1983 romos. [1pu cpaBaennu ¢ 500-
JISTHUMU JAHHBIMHA MOKHO YOETUThCSI, YTO ITH CHJIbHEHIIIHIE
3a mociegHee crojeTne Oab-HUHBO SIBISIOTCS BIIOJIHE
opauHapHbIMU coObiTusIMU. HecmoTps Ha TO uto 500-
JISTHUE JaHHBIE HE COMepKaT HHPOopMAaIi 00 MHTEHCUBHO-
CTH TIpoIiecca M YCpeaHeHbI o 12 MecsnaMm, JAeTalid KapTHH
XOPOIIIO COrIACYOTCsA. MOXHO CUMTATD, YTO PEKOHCTPYUPO-
BaHHas 3a nocieanue 500 JIeT XPOHOJIOTHST COOBITHIA DJIb-
Hunbo Hermoxo onuckiBaeT AuHaMuKy FOxknoro Kosebanus
Ha OOJIBIIIMX BpeMEHaX (TOPSAKa HECKOJbKUX IECATUIICTH).

Bosee monpobuo BeTBM nepeBa moka3aHbl Ha puc. 14r:
31ech MacTab pacret 10 29 net. Kaptuns koaddurmeHToB
(1 TMHUH JIOKAJILHBIX MAKCUMYMOB) IEMOHCTPUPYIOT HENPO-
CTYIO HepapXuUecKyto cTpykTypy. Eciu B ocHoBanum gepena
MBI OTMETHJIM YKPYIMHEHHWE MacmTada B BHIE YABOCHUS
Nepruoaa, TO yXe /IBe TJIABHBbIE BETBH JI€peBa BETBSITCS IO-
pasHOMY — JieBasl Ha TPH, a paBasi Ha JBe BeTBU. Ha OoJee
MEJIKAX MAacITadax MpoJOJDKAeTCs, KaK KaKeTcsl, Hepery-
JIIPHOE YepelOBAHUE YABOCHUS U YTPOECHUS JIMHUMA JIOKAJIb-
HBIX MakCUMYMOB. BcTpedaroTcss ¥ BeTBJICHHSI THUIA BOJO-
paszena, Koraa B IJIaBHYIO JIMHUIO JJOKATHHBIX MAKCUMYMOB
o Mepe pocTa MacmTabda BIMBAIOTCS IMOCIEIOBATEILHO
HECKOJIBKO MOOOYHBIX.

BHelliHe TOXOXHMe BETBJICHHUS MOXHO CMOJICIIMPOBATDH
KaHTOPOBCKMM MHOXECTBOM, KOTJa U3 €IMHUYHOTO
oTpe3ka (y Hac 3To mpuMepHo 80 JIeT) yaaseTcss CpelHss
TPEeTh, W3 OCTABIIUXCS YACTEH TakXkKe YIOAJISIOTCS CPEIHHE
TpeTH U T.A. (MOAENb YABOCHUS JIMHUMA JIOKAJBHBIX MAaKCH-
MYMOB); WJIA yIAJISFOTCS JIBE U3 MATH YacTedl eIMHUYHOTO
OTpPE3Ka U T.[I. B KAKIOM CJIEAYIOLEM TOKOJIEHUH U3 KaX 101
4acTH (MOJIEIb YTPOCHHUS).

B nHamem cnyuae mporecc cIoXHee o KpaiHed Mepe B
JIBYX OTHOIIEHUSX. BO-TEPBBIX, BCTPEUAIOTCS YePEIyrO-

LIUeCs] HepETyJSIPHBIM 00pa3oM BETBJICHUS ABYX (MM Jaxe
0oJjiee) TUIIOB — TaK YCTPOEHBI HEOIHOPOIHBIEC WJIM MYJIb-
TA(dpaAKTAIbHBIE MHOXECTBA. BO-BTOPBIX, B OTJIMYUE OT
CTaHAAPTHOU MPOIIEYPHI MOCTPOEHHSI KAHTOPOBCKOTO MHO-
JKECTBa, TJIe Pa3 yIaJleHHAs YaCTh OTPe3Ka He BOCCTAHABIIM-
BaeTCs HU B KaKOW CBOEH 4YacTH, 34eCh INPOJOJDKAIOTCA
BETBJICHUS JIMHUH JIOKAJIBbHBIX 9KCTPEMYMOB 0OOHUX 3HAKOB,
T.6. B YAQJEHHOM OTpe3Ke Ha CIEeAYIOUIMX 3Tamax Kak Obl
BOCCTAHABJIMBAIOTCS HEKOTOpBIE €ro 4acTu. bymer am pe-
3yJbTATOM TAKOTO KAaCKaJHOTO Mpollecca KaHTOPOBCKAS
ObUTb WJIM WHOE (PpakTadbHOE MHOXECTBO, 3aBHCUT OT
COBOKYIHOCTH TNPABUJI BETBJICHUS, BBISICHUTL KOTODBIE IO
OTPAHUYEHHOMY PSIAY NAHHBIX 3aTPYIHUTEILHO.

Takum 00pa3om, BeiBIIET-aHATIH3 PSAA CPETHEMECSYHBIX
3HaueHn#l mHAekca HOxHoro KoneOaHus BBISIBIII aBTOMO-
TIEJIbHYIO CTPYKTYPY TaHHBIX U HAJINYUE TOTOOHOTO KacKaI-
HOMY TpoIlecca Ha MaciTabax oT Mecsa J0 HEeCKOJIbKUX
necsatunetuit (mo 70—80 ser). SIBiseTcs JM MOJIydeHHAs
JIpEeBOBUIHAS KApPTHUHA JIMHUNA JIOKAJIBHBIX MAaKCHMYyMOB
CBUJIETEILCTBOM TOTO, UYTO CHCTEMA JEMOHCTPHUPYET KaCKa T
yBEJIMYCHUH (YIBOSHHI, YTPOSHHH U T.[I.) IEPHOJA, KBA3HIIE-
PUOJINYECKOE WJIM MHOE TMOBEJCHHE, SIBJISETCS JIU MPOJO0JI-
JKaroleecss Ha MaJibIX BPEMEHHBIX MacIiTabax BeTBJICHHE
JIMHUHA JIOKAJILHBIX 9KCTPEMYMOB O0OMX 3HAKOB CBUAETENb-
CTBOM HaJIW4Msl KacKaJHOTO TIpollecca Ha macmradax
MoPsIIKAa MecsITa U MeHee, TOKaXYT JalIbHEeHIIIe UCCIeIoBa-
HUSL; U 9TOTO HEOOXOAHMM, B YACTHOCTH, aHAJIM3 PSIOB C
00Jiee MEJIKUM Pa3pEIICHUEM.

6.4. CyTtounbie 3navennst nuaexca FO:xnoro Konedanns
AHaIM3upyeMblil psii CyTOYHBIX 3HaueHuit uuaexca C(f)
OXBATHIBACT JACCATIUICTHHH OTPE3OK BpeMeHH (K coxalle-
HUIO, HE NPUHAJUJICKAIIUA IepeBy, OMICAHHOMY B paszee
6.3). Ha pucynke 15a,0 mpeacTaBjeHBbl PsJi CYyTOYHBIX
3HaueHnil uHaekca C(f) U xkapTuHa KO3(D(OUIHMEHTOB €ro
BeiiBiIeT-ipeoOpa3oBanus (MacTad pacTeT 0 3 JieT).
CpaBHEHNE TTOKA3BIBACT, UTO CPETHEMECIIHBIC 3HAUCHUS
OYCHb XOPOIIO OIWCHIBAIOT MEXIOJIOBYIO HM3MEHYMBOCTH

rona

Puc. 15. Cyrounsie 3Hauenus nunaekca FOxuoro Konebanus 3a oTMeueH-
HBII TMHYeH Ha puc. 146 nepuon, kapTHHA K03()GUIUEHTOB U pacipese-
JICHHE TUIOTHOCTH SHEPTHH.
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Mpouecca U JOCTAaTOYHO XOPOIIO — roJ0BoM Xoa. BHyTpu-
rooBasi I3MEHYMBOCTH TOPA3/0 JIyUIlle OMHCHIBACTCS MOM-
pOOHBIM pPSJIOM, OJHAKO HamboJjiee XapaKTEepHBIC IeTaJId
MPOCIISKUBAIOTCS HA KapTHHAX K03(DUIMEHTOB BelBIET-
npeoOpa3oBaHusi 000UX PSIOB.

Kaprtuna pacnpeneneHusi IJIOTHOCTU 3HEPIUM HHAEKCA
FOxnoro Kosiebanus (puc. 158, 31eck MaciTab MeHsIeTcs 10
1 Toma) mokasbIBaeT SIPKO BBIPAXKEHHBIH T'OMNOBOH XOHI U
CYIIECTBEHHO HECTAIIMOHAPHYIO CTPYKTYpy mpolecca Ha
MEHBIIMX BpeMeHHBbIX MacmTabax. I[ToapoOHbIl aHaM3
BBISIBJIICT B 3TON HECTAIMOHAPHON CTPYKTYpE NMAINA30HbI
JIOKaJIbHBIX TEPUOAMYHOCTEH Mpolecca ¢ MaclradbaMu
0KOJIO Hejesu (OOJIBIIMHCTBO MAaKCUMYMOB HaOJIFOdAeTCs
Ha MacmTabax ~ 5 u ~ 9 mgHeit), mecsia (=~ 25 aueit), 8—9
MeCSIIEB U OKOJIO 2 JIeT (= 22 mecsa).

DTH U ONMCaHHBIE B pazzaeiiax 6.2 u 6.3 MacmTadbl MOXHO
OOHApyXHUTh HAa CHEKTPAaX MOIIHOCTH, NIPEICTABJIECHHBIX Ha
puc. 16. 31ech MokKa3aHbl CIIEKTPbl MOIIHOCTH, PACCUUTAH-
Hble 1O Ko3bdunuentam upeodOpazoBanuss DPypee Ef
(puc. 16a) u BeliByeT-ipeoOpazoBanus £y (puc. 160) psoos
CpeTHEMECSYHBIX (IITPUXOBbBIE JIMHIM) ¥ CYTOYHBIX (CILIOII-
uple JuHuK) 3HaveHuid C(f). Cnektp mortqHoctH Ep (CM.
dbopmyy (28)) COOTBETCTBYET CrJIaXEHHOMY Ha KaXJIOM
macitabe crektpy @ypbe. Oba criekTpa UMEHOT TOBOJBHO
0oJIbIIIE OTPE3KU CO CTENECHHBIM MOBEJACHNEM Ha MACIITa-
0ax OT HECKOJIBKHX JTHEH 10 MecsIa ! OT IBYX-TPeX MecsIIeB
JIo TOfa.

Ep Ew
F AN "
ARVE ¢ a 10 |
10 -7 y '|
|
\
’
|
W 1+
1= "Y‘I\“
\
|
0,1 - 0.1 -
0’01 | | | | 0.01 | | | |
0,001 0,01 0,1 1 10 0,001 0,01 0,1 1 10

YacroTa, (Mec.)”! Yacrora, (Mec.)”!

Puc. 16. CriekTpbl MOLIHOCTH (a) U CKaJIOrpaMMBbI (0) 1151 CpeaHeMecs d-
HBIX (IUTPUXOBbIC JINHUH) 1 CyTOYHBIX (CILIOIIHbIC JInHKUN) 3HA4eHuit C(1).

TakuM 06pa3om, OMKUCHIBAEMBI BpeMeHHBIM psiioM C(¢)
MpoIIecC, KaK M OOJIBIIMHCTBO IIPOIIECCOB B IPUPO/IE, TPOUC-
XOJIUT B OYEHb IIHPOKOM JTHATA30HE BPEMEHHBIX MACIITa-
60B. Crnexktpbl Pypbe aHAIU3UPYEMOrO DPsiia TOCTATOYHO
3allyMJICHBI, OJTHAKO HAa HHUX BBIICJISIOTCS MHKUA BOJIM3U
BBIICJICHHBIX XaPaKTEPHBIX MEPHOIOB (IPAKTUUECKH TEX Ke,
4TO U Ha CIIEKTPaxX MOLTHOCTH, MMOJIYYeHHBIX 0 KOadunuen-
TaM BeliBJeT-ipeoOpa3oBanus). KapTuHbl pacrpeneieHus
wiotHoctu oHepruu  Ey(a,b), TpeacTaBICHHbIE BBIIIE,
JIEMOHCTPUPYIOT CJI0KHOE HECTALMOHAPHOE ITOBEIEHHE ITPO-
1ecca, HaJUYhe TePUOJINISCKUX U HEMEPHOINUECKUX COCTa-
BJISIFOIIMX Ha Pa3HbIX MacmTadax.

Taxoit mporecc MOXeT ObITh KOMIIO3UIIUEH CTOXACTHUYe-
CKOIl KOMIIOHEHTBI U HECKOJIBKUX PErYyJISIPHBIX KOMITOHEHT.

Bocronbsyemest pouenypoit Takenca (Teopueil BIOXKEHUS
HEJIMHEWHBIX JUHAMUYECKUX cUCTeM [27]) AJIsi KOHCTPYUPO-
BaHUs (pa30BOro NPOCTPAHCTBA IO BPEMEHHO! peasn3aiui 1
MOCTPOSHHS BOBMOXHOTO aTTPAKTOPA.

Canenys Takency, ckouctpyupyem u3 C() m-KOMIIOHEHT-
HBIC BEKTOPBI COCTOSIHHS CJICTYFOIIIM 00pa3oMm:

X,‘ = {xl(t,-),xz(t,-), ceay xm(t,‘)} .

3neck x(1;) = x(t; + (k — 1)T) U T — BpeMeHHas 3a/epKKa.
PacnipesnesieHre BEKTOPOB COCTOSIHUSI COCTABJISIET PEKOH-
CTPYUPOBAHHOE (PA30BOE MPOCTPAHCTBO PA3MEPHOCTH 1.

JIByMepHbIe MPOEKINH IMOJYYEHHBIX TPACKTOPUM MOKa-
3aHbl Ha pHUC. 17 sl pa3HBIX 3HAYEHUN MapameTpa Bpe-
MEHHOH 3anepxku 7. IlepBble Tpu mopTpera MOJy4eHbl Ha
OCHOBE PsiIa CyTOYHbIX 3HAUCHUH, ABa NOCIEIHUX — U3 psiga
CpeHEMECSYHBIX 3HauyeHuil. Bee TpaekTopuu orpaHUYeHbI,
OJHAKO HE NOKAa3bIBAIOT SIBHO MEPUOAMYECKON CTPYKTYPBHL.
XapaxTepHble IeTeJIbKH BUIHBI HA IBYX MEPBBIX HOPTPETAX,
OpOMAJaloT MpH 3aJepXKKe B OOUH MeECSI W CHOBA
NOSIBJIIFOTCS IpU T =3 Mec. B ocrajbHOM HOpPTpETHL €
3aJepKKOI PaBHON OHOMY M TPEM MECSIIaM NPAKTHYECKU
HOBTOPSIIOT APYT Apyra.

: oy
&7
&/
&7
x = x(1)

Puc. 17. Ilpoexnun (a3oBOro mMpocTpaHCTBA, MOJIyYeHHbIE HA OCHOBE
pSIIOB CYTOYHBIX M cpemHeMecstdHbIx 3Hauenmit C(7); 11 =1, 1, = 3,
73 = 30 cyT.; T4 = 3 Mec.

ITopTper ¢ 3aaepxkoit T = 12 Mmec., T.e. HOCTPOSHHBIN HA
mpelesie WM YX COBCEM 3a IpeiejaMH BO3MOXXHOCTEH
JUTMHBI MMEIOIIEHCSl Y HAc peaju3alud, OTJIMYaeTcs OT
MPEeNbIAYIINX W WHTEPECeH TeM, 4TO TPAeKTOPHsl ITOTO
aTTpakToOpa HMMEET TPH OCH (MOXHO TMpPEICTABHTH cebe
JMIMHAMUYECKYIO CUCTEMY C TpeMsl CTAlMOHAPHBIMHU pellle-
HUSIMHU).

OrpaHu4eHHOCTh TPACKTOPHUI M HE CIUIIKOM OOJIbIIAs
Pa3sMEpPHOCTb CUCTEMBI TOBOPSIT O BO3MOXHOCTHU MOCTPOE-
HUSL MOJENM Tporecca W XOTs Obl O NPUHIUIHAIBHON
BO3MOXHOCTH TPEJCKa3aHMs €ro MOBEJICHUs Ha HE CIIUIII-
KOM OOJIBIIIUX BpeMeHax. SICHO, 0JTHAKO, YTO JIJTHHA UMEIO-
LIMXCSl peasiu3alluii He MO3BOJISET JeNaTh KaTerOpHYECKUX
BBIBOJIOB, a (hopMa TOCJIeAHEN MPOCKIIMKM TOBOPUT IO Kpaii-
Heit Mepe 0 He0OXOIMMOCTH aHaIu3a 0oJiee MPeCTABUTEIIb-
HBIX JTAHHBIX.
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6.5. I'no6anbubie Temnepatypsl 1 FOKOH

Ha pucynke 18 npeacraBiieHbl rpaduk M3MEHEHU s AHOMAJTU I
CPEHETOIOBBIX 3HAYCHUUN NPUIOBEPXHOCTHOM TeMIlepa-
TYpBI Bo3ayxa 3a nepuoj ¢ 1850-ro mo 1990 rr. u cooTBet-
CTBYHOIIAsl KapTUHA K03(ppunineHToB BelBeT-peoopa3oBa-
HUS B [UaNia30He MAcIITab0B, 0XBATHIBAIOLIEM IPAKTUUECKU
BCE KPYNHOMACIITAOHbIE NETaJH MPOIEcca, OMHUChIBAEMbIE
psioM (MaciiTab JIMHEHHO pacTeT 10 85 jer).

1940

1880 1910

e Y

50

1970 Tomet

85
et

Puc. 18. AHOMAJIHY CpeHEr010BOI TI100aILHOM TeMIlepaTyphl U KapTH-
Ha K03()(QUIMEHTOB BEUBIIET-IIPEOOpa3OBAHUSL.

Ob6parraer Ha ceOsi BHUMaHUE TOT (BakT, YTO MacITad
25-30 ner pasznensieT KapTUHY KO3(G(QUIMEHTOB Ha [IBE
3aMETHO pasjiMyarolecs o0sacTu. B HKHEH vactu Kap-
TUHBI BUJIHBI BCETO JIMIIB [1B€ KPYMMHOMACIITAOHbIE AETAJIN.
CoBepIIIeHHO OTJIMYHAS CTPYKTYpa HaOIrogaeTcss B BEpXHEH
YaCTH KapTHHBI, T/I€ COCPETOTOYCHA MPAKTUIECKH BCS Bpe-
MEHHasl JMHAMUKA aHATM3UPYEMbIX JaHHBIX.

HwkHsis 4acTh KapTUHBI KO3(D(OUIIMEHTOB OTpakaeT
HaJMYUe B AHAJU3UPYEMBIX IAaHHBIX KPYMHOMACIITAOHON
KOMIIOHEHTBI, TIOXOXEH Ha TOJOXHUTEIbHBIA TpPEHH, —
cBeTJasi 00JIACTh ClIeBa COOTBETCTBYIOT OTPHIIATEIbHBIM
3HAYCHUSIM KO3 PUIIMEHTOB, KOTOPBIE C TEYCHUEM BPEMEHU
(Ipu ABYOKEHUUW HATIPABO) BO3PACTAIOT, U B MPABOM HUKHEH
YaCTHU KapTUHBI HOpMUpPYETCs TOYTU PaBHOLIEHHAS! 00JIACTh
TOJIOKUTEJIbHBIX 3HAUCHUH KO3(D(PUIIMEHTOB (TeMHas).

CtpykTypa ropasmo Oojiee CIIOXHAsT W, HA TEPBBIA
B3MJIsII, 0€3 Kakoro-JmOO0 3aMEeTHOro Mopsika Hablroma-
ercs Ha MacmrTabax mo 25-30 ner. Bomee mompoOGHOE
paccMOTpEHHUE MO3BOJIIET, OAHAKO, BBIACIUTH MOBTOPSIIO-
LIHeCs] XapaKTepHbIe IeTaJIH: CYIIECTBYET IUANa30H BPEMEH-
HBIX MaclITa00B, HA KOTOPBIX KAPTHHA UMEET MPAKTUIECKU
KBa3HIIEPUOAMIECKYIO CTPYKTYPY. MOXKHO CKa3aTh, YTO €CJIU
caMoOil KpYIMHOMACIITAOHOW COCTaBJISIONICH aHAJTU3UPYe-
MOTO TpoIecca SIBJISETCS TMOYTH JIMHCWHBIA MOJIOXKUTEb-
HBI TpeHxa, To Ha "Mesomaciirabax" mpouecce mpejacTa-
BJISIETCS COCTABJICHHBIM M3 HEOOJIBIIIOT0 HAOOpa rapMOHHYE-
CKHX KOJIeOaHMA.

Ha pucynke 19 B ToM ke Macmtade u 32 TOT e TePHO/T
BPEMEHHU TPEJICTABIICHBI I'PAPUKH aHOMAJMA CPEeITHET010-
BBIX 3HAYCHUI MPUIOBEPXHOCTHOM TeMIepaTypbl BO3IyXa
otnenbHo st CeBepHoro (puc. 19a) u FOxHoro (puc. 196)
TOJIyIIApUN U KapTUHBI K03 PUIIIEHTOB BeitBIeT-peodpa-
30BaHMSl TOJIYIIAPHBIX JAHHBIX: Ha puc. 19B mokaszaHa
KapTuHa KodddumuentoB st CeBepHOTO MOJIyIIapHsi, Ha
puc. 19r — mist OxxHoTro nostymapus.

KapTuns! k03 pUnneHTOB MOJTyIIAPHBIX TaHHBIX UMEFOT
Ka4eCTBEHHO CXOXYI0 CTpPyKTypy. Haumbonee 3ameTrHOe
pasziamure MeXIy M