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BENBIET-AHAJN3: CHEKTPANLHEIN AHAIU3
JOKAJIBHBIX BO3SMYIEHNN
(0CHOBBI TEOPHN M NPAMEPHLI HPUMEHEHHAA)

H.M. Acmmaghvesa

TlpencraBieHbl OCHOBBI TEOPHH BEUBICT-IPeoOpa3OBaHMs - MaTeMATHYECKOTO
anmapara, XOpOImio TPHCIOCOGIEHHOTO YIS HIYYEHHs CTPYKTYPhI CIOXHBIX HEOHOPONHBIX
IPOLECCOB, XapaKTEPU3YOIIHUXCA BBHHMOﬂCﬁCTBHM BOEMyIHeHPHﬁ B TIHPOKHUX OHANa30Hax
MaciraboB. 3a mpenenams paGoThi OCTABIEHL] IPOGIEMb], CBI3AHHEIE C HCIONL30BAHMEM
BEIBNIETOB IS OUMCTKH, (PWILTPAIMM M yIaROBKM MEGOpManuy. IIpuMeHenie BeHBIeTOB
st 4FCNECHHOrO MOJC/MPOBAHWA ¥ PEleHWS yPaBHEHVH SBUTCH NPEIMETOM Clefyolei
paGoThi. 37eck BO3MOXHOCTH BeliBrer-Ipeofpa3oBaHnd MOKA3aHEI HA NpAMEpax aHAIA3A
CHI'HAJIOB: MOJENLHBIX (FapMOHMYECKHX, C Pas/IdHbIMHA OCOOEHHOCTIME, (PPakTaNbHLIX) A
HATYPHBIX Teothu3HHUECKNX BpEMeHHLIX psiioB. ITompoGHO mM3yweHbI MyJbTEMAcIITabHbIE
ceoricrea npouecca I0KOH (0xuoe KoneGanne - 3mb-HHHLO) - KPyNHOMACIITaGHOTO
Hpouecea B cucTeMe oreaH-arMocdepa, OKa3bIBaIOIIETo BIMIHUE Ha KIMAT Beell IUTaHeThI.

TepmrH «BeiBIeT» (NOCHOBHBIA TEPEBOJ - MANCHHKAS BOJHA) TOSBHICS
CpaBHUTENLHO HelasHO - ero BBenu ['pocecman m Mopire [1] B cepenure 80-x romos B
CBSI3H C aHAJM30M CBOMCTB CEHCMHYECKHX M aKyCTHYSCKMX CHTHaloB. B Hacrosiee
BpeMs CeMeHCTBO aHaNM3aTOpPOB, HA3BaHHBIX BeUBIETaMM, HAYMHAET IIIPOKO
IPAMEHSITRLCS B 3a7a4ax pacno3HaBaHHA 00pasoB; IpH 00paboTKe W CHHTE3e CHTHaJOB
(uanprMep, pedeBbIx); IPH aHaIA3e H300pakeHuid pazTuIHON IpAPOs! (A306pakeHne
pamykHO# O0OOJNOYKW IJla3a, PEHITEHOIPaMMa IIOYKW, CIYyTHHEKOBBIE H300DaKEHHS
0GNAKOB WM MOBEPXHOCTH IUIAHETHI, CHAMOK MUHEpania | T.IL); A H3y<IeHis CBOHCTE
TypOYNeHTHLIX MONeH; s pelieHds YPaBHeHWH; Ui CBEPTRY (YIAKOBKM) OOJIBIIX
06beMOB HHGOPMAIUA ¥ BO MHOTHX HPYTHX CIyJasx.

Beisner-nipeoOpa3opanue  OTHOMEPHOI'O BPEMEHHOI'D CHTHAalia COCTOHT B
pasnoXxeHdu ero mo 6asmcy, CKOHCTPYHPOBaHHOMY H3 O6Nafasomiell onpefe/ieHHbIMEI
CBOHCTBAMI COJNHTOHONONOOHON (hyHKImN (BefiBlIeTa) MOCPENCTBOM ee MAaCIITaGHBIX
npeobpa3oBanmii m nepeHocoB. Kaxkpas m3 ¢yHkmpi Oasmca XapakTepu3yeT Kak
9acTOTy, TaKk W ee JIOKaIW3auui0 BO BpeMeHW. TakuM 0O0pa3oM, BefiBNET-
npeobpa3oBaHme O0ecleurmBacT ABYMEPHYIO Pa3sBEPTKY CHIHaja, TIPH 3TOM 9acToTa U
BpEMsI PaccMaTpPHBAIOTCSl Kak He3aBHCHMBIE IIEpEMeHHBIE. B pesyneraTe nogsisercs
BO3MOKHOCTh aHAIM3APOBATH CBOWCTBA CHTHA/IA OJHOBPEMEHHO BO BPEMEHHOM H B
9aCTOTHOM HPOCTPaHCTBE.

CkazaHHOe 0600IaeTca Ha HeOJHOMEpHble curHambl (mmw ¢yukimum). O61acTs
HCIIONbL30BaHMs BEMBIETOB He OIPAHMYMBACTCH AHANW30M CBOHCTB CHTI'HAJNOB W HOJEH
Pa3NAUHON UPHPONEL, MOIYYCHHEIX JUCICHHO, B IKCTIEPUMEHTE WA MPH HAOIIONCHHASX.
BeliBneTsl HaUAHAIOT TPUMEHSITECE H OIS YHCICHHOIO MOJEIHAPOBAaHASA - Kak



Aepapxaueckuii  0a3s|Ec, XOpOMO MNPHCHOCOONEHHBI [jIg ONUCAHWS  [JHHAMHAKW
HEMHHEIHBIX IPOIECCOB, XapaKTEPH3YIOMEXCS —B3aUMONEHCTBHSME B  LIMPOKHUX
Adala3oHax —[OpPOCTPaHCTBEHHBIX M BpeMeHHbIX MacurraGos. BefiBner-anammz
OKa3bIBACTCH | OYeHb YHOOHBIM =~ HHCTDYMEHTOM [ W3Y4CHHS  CYHICCTBEHEHO
. HEOTTHOPOJHBIX TPOLECCOB, HOCKONBKY 3JIEMEHTEI ero 6a3mca XOpOIo JTOKATA30BAHEl B
006nafaroT MONBIKHBIM JACTOTHO-BPEMEHHEIM OKHOM.

Haneko He ciysalfHO MHOTHE HCCIENOBATENHA HA3LIBAIOT BeHBIET-aHANM3
«MaTeMaTHUCCKUM MHKPOCKOIOM» - Ha3BaHHE IPEKPACHO OTPAXaeT 3aMedaTelibHoe
CBOMICTBO METOfa COXPaHsaTh XOpOINee paspelleHrHe Ha pasHLIX —MacITadax.
CrocofHOCTE  9TOrO  «MHEKPOCKOHA»  OOHApYyXXHTb  BHYTPEHHIOIO  CTPYKTYPY
HCCIemyeMOro O0beKTa H H3YYHTh €ro JOKalbHBIE CKENIHHTOBBIE CBOMCTBA Y3KE
IPOAEMOHCTPHPOBAHA Ha MHOI'HX IIPAMepax.

Hampumep, Ha Takux KIaccH9eckwx, KaK ¢hpakTanbhele (yHKImE Befepmrpacca
4 BEPOSTHOCTHBIE MEDPHI KAHTOPOBCKHX psifioB. IlprMeHeHHe BeHBIET-aHAIM3a X
TypOyNEeHTHOMY TOJIFO CKOPOCTH B BETPOBOM TYHHEJE TIpH OONBIINX YHCiax Pefnonsnca
Jalo HATNAJHOE MONTBEP:KICHUE HAIW'Ws Kackajga Pmaappcona. Tlokasamo cxoncrbo
SHEPTETHYECKOIG KACKaHOTO [POLECCa CO  CTPYKTYPOH  MyJibTH(MPaKTANbHBIX
HEOFNHODPOJHEIX KAHTOPOBCKHX psgioB. FEme 6Gomee ahdekTHBHBEIM — 0Ka3anoch
OpAMEHeHHe BelBleT-aHam3a K MyJAbTHGPaKTalbHBIM HHBAPHAHTHBIM  MeEpaM
HEKOTOPBIX XOPOIIO H3BECTHBIX JEHAMUYECKHX CHCTEM, MOJICMUPYIOUHX Ha0mMIogaeMele
B IMCCHTIATHBHBIX CACTEMaX CUTYALHH IIEpeXoa K Xaocy.

Tagmy 00pa3oMm, BefBIETBI MOTYT C YCHEXOM IPAMEHSITHCS JUIS PELICHES
pa3mMuHBIX TpoOieM. B Hacrogmied paboTe cenaHa TONBITKA cobpaTb W L0
BO3MOXHOCTH HaIVBIHHO H [POCTO H3NOXHTHL CBEJCHHS H3 TEOPHZ BEHBIETOB,
HeoOXoIuMbIE IIPHA IPaKTHUIeCKOM HPAMEHEeHIH BelBIIeT-Tpe0oOpa3oBaHss I aHAIN3a
CHI'HaJIOB Pa3JIHIHON IPHPOLBL.

B niepBoM paspesie npoBopUTCS aHATIOTHS MEXKIy panaMi Pypbe 1 pa3noKeHMeM B
PSAEBI IO BeHBIEeTaM, ONpPENclIeTcs BEHBIET-IpeoOpa3OoBaHHE, OIHMCEIBAKOTCS ero
CBOICTBA H HEKOTOpBIE CIEJCTBHS H3 HMX; MaTepmall OCHOBaH, [NIABHBIM 00pa3oM, Ha
cOopHEKax # MoHOrpadmsx [2-4] u npekpacuex pa6orax Wurpun [To6ewn [5] m Mapm
dapx [6]. Bo BTOpOoM pasfesne NPHBONATCS NPHUMEPLI IIPUMEHEHHS BeHBIET-
npeoOpa3oBaHusi K MOAENMBbHBLIM CHTHajJaM pasMiHOTO XapakTepa W pe3yJbTarhbl
BeHBJIET-aHaIA3a HEKOTOPHIX HATYPHBIX BPEMEHHBIX IFeO(hH3HIECKHX PITOB.

1. OcHoBBI TEOpPUHA

OunpepeneHus, CROMACTBA M MX CJISACTBHA Mbl NIPHABONEM 1IJisi BEUBIET-
npeobpazoBanns onHoMepHbIx ¢yarIEi. [Ipn HeoGXOMMMOCTH BCe CKA3aHIOE MOKET
6bITh 0000IIEHO Ha MHOI'OMEPHBIE CIIy4aH.

1.1. Or npeoGpazeBanns @ypbe K BEHBIET-IPEOOPAZOBAHUIO

Hurerpanpaoe npeodpasobanme Pypbe m psagel Dypbe SBASIOTCS OCHOBOH
rapMOHHYECKOro  aHanm3a.  Ilomydaemple B pesynpTaTe  mpeoOpa3oBaHus
xoadpbrmenTsl Pyphe TOINAIOTCS FOCTATOYHO MPOCTOH (PH3AYECKOH HHTEpIpeTanyy,
YTO HH B KOEM Cjlyyae He yMajdeT BaXKHOCTH INMOCIENYIOIIMX BBIBOJOB O XapakTepe
FCCIIeyeMOoro curHana. [IpuMmeHeHne MHTErpanbHOro npeobpa3oBaHms U psjuoB @ypre
OYeHb HarisfHO, BCe HeoOXOouuMEble CBOMCTBA H (POPMYNIE! BLOIECHIBAIOTCS C [TOMOIIBIO
BCEro JBYX QeHcTBHTENbHbIX (DYyHKIMHA sin(f), cos(f) wim  OOHOW KOMIUIEKCHOH -
caHycompanbHOl BOMHBI  exp(if)=cos(f)+isin(r), i=(-1)2 u pgocrarouHo nerxko
TOKa3bIBAIOTC.

BeiBireT-npeobpa3oBanie  NPHMEHSETCS CpaBHHATENIBLHO HEIaBHO "
MaTeMaTHYeCcKHl almapaT HaxXOJETCSl B CTajud akTHBHOHN paspaborkm. IlosTomy nis
fosbilelt HarIsgHOCTH Gymem, cienys [4], BBOTUTHL HeOOXOOUMbIE MOHSTHS BEHBIIET-
aHanw3sa, TpPOBONS 2AHAJOTMM U CpaBHeHmWs ¢ aHaimm3oM Oypbe, 3HaTIMOCTL W

By



IPHBJIEKATENBHOCTh KOTOPOTO st HmpOKOFO Kpyra HCCJIeJIOBaTGJIeH Heocnopmvre.r u
IpOBEPEHEI BpEMEHEM.

1.1,1. Pagpr @ypre. Han()MHJIM HCKOTOpBIe ToHsTES, KOTOPBIE IIOHANOBSTCS HaM
B panpHedmeM. - IIycrs 12(0,21) - NPOCTPAHCTBO XBajpaTHHO WHTETPHPYEMBIX
yuxTmi ¢ KOHeYHOH 3Hepruei S

27t” . ) ) P
[i)R dr < oo, te (02m).
Q .

310 - ompepeneHue KyCouHO-Henmpeppiproll  ymmma f(1). Owma moxer GpiTe
IEPROJRYCCKE PACIIAPEHA | ONPEieNIeHa Ha BCeit OCH R(-oo ©0) TaK, 9TO

A2) =f(t-2m) 1% Beex ¢ m3 R.

Jrobas f(t) w3 mpocTpancTBa 2M-NEPHONMYECKAX KBAPATHYHO HHTETPHDPYEMBIX
ysxImi MOXeT GhITh IPECTaBicHa B BEAe psifia Dypbe

() = £ c,exp(int)
¢ Koa(hbrmpenTamMu

27

c, = (2n) 1f A1) exp(-int) dt

I ps)l PaBHOMEPHO CXORHTCA K f{(2), TO ecTh

2r

Hmy v f If(z) - ZM cyexp(int)l2 dt =
OTMeTrIM, YTO
w, (1) = exp(int), n=.,-1,0,1,..

€cTh OPTOHOPMEPOBAHHENH Gasuc mpoctpanctea L2(0,27), TIOCTPOGHHBIA C MOMOILBIO
MacImTaCHOTO Tpeo0pa3sOBaHWst eAMHCTBEHHON (yHkiwmy w(f)=exp(if) Takum oSpasom,
aro w,()=w(nt).

Wtax, Kaxpas 2n-Ieprojipueckasi KBajpaTAYHO MHTErPHPYeEMas (DYHKIAS MOKET

OBITHL TIONYYEHA CYNEPIO3AUHEH MAaCIITAOHBIX npeoﬁpaaoBamm Oasdcuoll  (pyuKImm®m
w(t)=exp(it)=cos(t)+isin(z), TO ecTh ABIAETCI KOMIOINIMEN CHHYCOMJANBHBIX BOIH C
pasmryebIME YactoTami (¢ KoadduimeHTaMy, 3aBACSIIAMA OT HOMEPA CAPMOHHKH
(dacToTHl)).

HanomamM, 4Tto pms Koacpq)mmeHTOB pifa Pypbe BBIIONHAETCS PABEHCTBO
ITapcesans

2n
Q)1 [ KOk dt =3 le,2.
0

1.1.2. PasnoxeHnue no BedBIeTaM. PaCCMOTpI/IM HpOCTpaHCTBO L2(R) dyuxumi
(£ c xoneuno# sHEpruell, onpeneNeHHbIX HA Beel AeACTBATENbHOM OcH R(-00,00)

Ef=°f° [f(#)12 dt < .

dynximonaneuble npocrparcTsa L2(02n) m L2(R) cymecTBEHHO pasiwuHbBl B



SACTHOCTH, JIOKAlbHOE CpefHee 3Hadenme Kaxpuoh ¢ymxkmmw w3 [2(R) NOIKEHO
CTPEMHTLCA K HyMO Ha (teo). CHHycOmpmansHas BomHa He npuHamiexwuT L2(R) w,
CIIE[IOBATE/bHO, CEMENCTBO CHHYCOHJalNbHBIX BONH W, HE MOXEeT OLITh Ga3mMceM
¢yHRIMORaTbROro npocTparcTBa L2(R). IlompoGyeM mHaiiTh JOCTATOMHO IIPOCThIE
(byHRIMH JUIs KORCTpyHpoBanus Gasmca npocrpaucTtsa L2(R).

«Bompl», obpasyromme mpocTpascTBO L2(R), OMKHBI CTPEMHTLCA K HYIIO Ha
(£eo) W IS MpaKTHYECKHX IIeNiel, YeM ObicTpee, TeM iywme. PaccMOTpEM B KadecTse
OasdHcHRIX YHKIEH BEeHBIETHI - XOPOWIO JIOKANH30BAHHBIE COJIUTOHOHONOOHBIE
«MaJieFbKae BONHBI». Kak u B ciyuae ¢ mpocTpancTtsoM L2(0,27), KOTOPOE NONHOCTHEO
(hopMEpPOBaNOCH ¢ HOMOIUBIO OFHOM OasucHOH GyHKuEE w(f), CKOHCTpyHpyeM
(YHKIMOHATBHOE MPOCTPaHCcTBO L2(R) TakKe ¢ MOMOIIBIO OfHOTO BefmneTa y(t).

Kak xe ¢ moMombio OBICTPO CTPEMAINEHCS K HYJIO JIOKaNM30BAHHOH (DYHKIHA
HMOKPBITL BCIO OCh R(-00,20)? 3TO MOXHO cpenarb, MPEIyCMOTPER CHCTEMY CBHTOB

(mepenocos) Bons ocu. IycTs I MPOCTOTHL CABATE OYAYT LENLIMHA, TO €CTh (- k).
BrepmeMm amanor cmHycompaldbHOB 9acTOTHL [l NPOCTOTHI W ONpPENeNeHHOCTH
3aIIIeM ero depes crernenn aovikm: y(2't- k), 3mech j # k - nensie gncaa (7.k e 1).
Taknm o0pa3zoM, ¢ NMOMOIILIO MacmITaOHBIX NpeoOpa3oBaHHH (1/2) u cusuros
(k/2)) MBI MOXeM OmACaTh BCE YACTOTHI M TOKPBLITH BCKO OCh, AMeS EIMHCTBEHHBI
GasucHbIA BelBaeT, w(?).
HarroMsanm onpeiesieHnie HOpMbI

lply = <pp>12, <p.g> =] p(t) 3(2) di

~ca

(sepra  cBepxy  0OO3HAWAET  KOMIUIEKCHO-CONpsikennoe).  ClieoBaTenbHo,
Ihr (/- k)l =2 Pl (2)ll,. Tarum o6pasom ecim BeitsneT y(t)e L2(R) HMMEET eTMHAYHYIO
HOPMY, TO U BCe BeHBNeTH ceMelicTa (v}, Buma

yil(0) = 2Py (- k), jkel )

TaKKe HOpMApoBaHb! Ha efuauIy |yl = lhyll, = 1.
Beiisner yel2(R) wasbBaercss OpPTOrOHANLHBEIM, ecim onpemenentoe B (1)

ceMeficTBO {y;;} mpencrasnseT co6ofi OpPTOHOPMHPOBAHHEIN Gasmc (DYHKITHOHATBHOrO
upoctparcTsa L2(R)
LY Wim™> = 8iOim

u kaxyad fe L2(R) MoxkeT ObITh TIPENICTABIIEHA B BUAE PSa

ft) = Zj,k:w i wi(t), (2)

paBHOMEPHAS CXOIIMOCTE KOTOporo B L2(R)

N, N
1§00, VAP |/ D VVAD YVA Cjk‘lfjkﬂz =0.

ITpocreinmuM npuMepoM OpPTOroHANBHOIO BelBnera spisercs HAAR-peimner,
OTIpEAEIAEMBIH COOTHOMEHUEM

() %’?5[<1%’ 3
YyH (1) =9 -1, <<,
0, t<0,221. ®)

Kaxpbhi MOXKET JI€IKO IPOBEPHTE, ITO JIOOBIE IBE PYHKIANA Wy, W,/ MOy e HHbIE 13

sTore BefBnera no gopmyne (1) ¢ moMompio MacmTaGHbX mpeobpasosanmit (1/2/),
(1/2") = cnprros (k/2)), (m/2'), opTOroHaNbHBI B IMEIOT ENHHEIHYIO HOPMY.



CxoncrpynpyeM 6asuc (byHKIHOHAIBHOTO MPOCTPAHCTBA L2AR) ¢ noMommbio
MacmTabHBIX NpeoOpa3oBaHMit M NepeHocoB BefmneTa (7)) ¢ TPOA3BOJIEHBIMA

JHAYCHMAME OasuCHBIX IApaMeTpPOB: MacINTaGHOro KoaddmumeHTa a u napamerpa
cmsura b

Y, (1) = lak12y((z- b)la), abeR, e LR), (4)

¥ Ha €r0 OCHOBE 3aIMIlieM WHTETPANbHOE BelBIeT-npeobpa3oBanme

[W,f1(a5) = k2] 76) (G- ) i =] 8) e . (s)

[Mporops panbHEHIIYIO aBajJoOrmIO C IipeoOpasoBamdeM ®dypre, MOXHO

onpefe;MTh KOShGhIIMERTE ¢y = <fy;> pasnoxemus (2) dyuximm f B psg mo
BeHBIIETaM Yepes3 HHTerpalbHoe BefiRneT-Ipeodpasosanue

e = [WfJ(112 k1),

B pansteiimem maorna Mecto [W,f](a,b) nns koaddummentos (aMmmuryyn) Beii-
BIIeT-NIpeo6pazoBanus OYAyT HCIONb30BaThCs o6osuaverus W(a,b), umm W, f, mm Wf].

Urak, xaxnas ¢yExknmms @3 L2(R) Moxer ObITh NONyYEHA CYNEPIO3HIAEH
MacTalHBIX [peoOpa3oBaHHEll B CHBHTOB OAa3MCHOIO BeHBIEeTa, TO GCTH ABIAETCH
KOMIIO3ANHEEH «MaJIeHbKHX BOMH» ¢ K0(pHIAeHTaMy, 3aBACAIIIMA OT HOMEPa BOJIHEI
(gacToTEL, MacmTaba) ¥ OT napaMeTpa CABUTa (BpEMEHH).

Vicnons3oBanue  [AMCKPETHOTO  BEiBIET-Tipeo6pasoBaHus  (ACKPETHOIO
JaCTOTHO-BPEMEHHOI'O IIPOCTpaHCTBA B BHAC ULENBIX COBHIOB H pacTSDKeHW#H 1O
CTENEHsM JBOMKH) MO3BOISIET MPOBECTH HOKA3aTENLCTBO MHOIHX MONOXKEHWH TEOpHH
BetiBneros [2-5], csi3aHnBIX ¢ MONHOTOH M OPTOrOHATIBHOCTHIO Ha3mca, CXOMUMOCTHIO
PSioB M T.0. [IOKa3aTebHOCTh THX NOJOXKEHME HeoOXoamMa, HalpuMep, HIPH C3KATHH
uH(OpMatMH A B 3aja¥ax MOJEIMPOBaHNAs, TO €CTE B CIYJasx, KOITIa BAKHO IPOBECTH
pasioXeHne C MUHEMANbHBIM UHCIOM HE3aBHCHMBIX KO3((HIHEHTOB BeiBIET-
Ipeobpa30Bauys d AMETH TOUHYIO (hopMydy oOpaTHOro Hpeobpa3oBaHusL.

Ilpm npuMeHenmm BEHBIETOB [/ aHamW3a CHTHAIOB HENPEpLIBHOE BeUBIET-
npeoGpazoBande Oonee yAOOHO; €ro HEKOTOpasd M30LITOYHOCTh CTAHOBUTCS
[TONIOKUTENBHBIM KAdeCTBOM, TaK KaK MO3BOISET 0ojee MONHO W 9eTKO MPENCTABATH
COfiepsKaInyIocs B TaHHbIX HH(MOPMALHIO.

1.13. O6parnoe BeunBiaer-npeodpasosaune. CuHycompajibHas  BOJHA
¢hopMEpyeT OPTOHOPMHEPOBAHHEIA (a3nc (HYHKIMOHALHOTO IpocTparcTsa L2(0,27n) u ¢
o6patHbM npeoOpasoBammeM Pypbe npobiieM He BO3HEKAeT. OpPTOHOPMHPOBAaHHOCTh
e 6Gasucos npocrpancTsa L2(R), MIOCTPOSHHBIX HA OCHOBE BEHBIIETOB, OLPENEIsIeTCsS U
BEIGOpOM (a3rcHOTO BeHBIETa H CIIOCOOOM MOCTpoeHHs 6a3nca (3HaeHIAMY Ga3uCHbBIX
HapaMeTpoB - COBATA B MAacIITaGHOro KoadruimenTa).

Koneuno ke, BefiBleT MOXeT cumtarhes GasmcHol ¢ymkimeir L2(R) TONBKO B
TOM Ciydae, eCii NOCTPOCHHBII C €ro IMOMOLBI0 0a3HC OPTOHOPMHAPOBAH U 0OpaTHOE
opeobpazoBanme cymecTsyeT. OpHaKo, CTPOTrHe JOKAa3aTelbCTBA MONHOTHI U
OPTOrOHANBHOCTH CIIOXKHBL A [POMO3IKH, MPHMEPSI 3TOr0 MOXKHO BHAETh B [2-5], e
paspabareBaeTcs TeopHs BeHBrer-npeotpasopanra. KpoMe Toro, mirs npakTHIeCKHX
flefiel  WacTO  JOCTAaTOYHO  OplBacT  YyCTOMYMBOCTH M <«IIPHOIHA3ATEIBHON»
OPTOTOHANLHOCTH CHCTEMbI (HDYHKUMI pasioKeHUs, TO €CThb JOCTATOYHO, YTOORI OHA
6buTa «noqTH Gazmcom». Kax nmpaBmimo, I aHamH3a CATHANOB HCHONB3YIOTCS TaKwe
HOTTH GA3MCHBIE BEWRIETHI, CKONb HH KOIIYHCTBEHHO B TOM KOHTEKCTE CIIOBO «IIOYTH».

3a rmompoOHBIM 4 H3NOXKEHHEM H JI0Ka3aTeJbCTBAMH OTOIIEM K yXe
[UTHPOBAHHBIM PaboTaM, 3EECh K€ BbIIMIEM 00paTHOe npeobpa3oBanre NI A TEX
[BYX CIy4aeB, YTO ONHcaHbI Bbmue: jmst 6asmca (1), momyckaromero pacHMpeHus #
copura (1/2/, k/2/), jkel, n 6asuca (4), HOCTPOSHHOrO IPH MPOM3BONBHBIX 3HAYEHMAX

(a,b), a.beR.



Ilpm GasmcHerx mapamerpax (a,b), a,beR ofparHoe BeliBner-npeoGpasopanus
3afHECHIBAETCS C IOMOMBIO TOro Xxe Oasnca (4), 9ro w npsaMoe

A = Cp VT W A(ab) wa(t) da dblaz,

Cy - nHopmammsyrommii  koacppunuenT (amanormusbm  xoaddmumenty (2m)12,
HOPMAJTH3YIOIEMY peobpasoBarde Pypre)

Cy= [ (@) lol-t do < oo
(xpeievkofl o6o3navaerca dypre-06pa3).

Ycnosne konewnoctrn C, orpaHmumBaeT Knacc ¢yskmmii y(f)eL2(R), KoTopsle
MOTYT ObITh HCHOJIb30BAHBI B KAYECTBE GA3HCHBIX BelBiaeToB. B gacTHOCTH, OYEBUIHO,
yro obpai Pypre Y* fomKeH OBITh paBeH HyMIC B Haudane koopmuuar =0 g,
CIIENIOBATENBHO, JOIDKEH ObITh PABEH HYJIIO IO KpaiiHel Mepe HylieBoil MOMeHT (1)

711;(:) de=0.

’Jame BCECTO B IIPAICKEHUAX FOCTATOYHO PACCMOTPEHAS TOJIBKO ITIOJOXHUTEIBHBIX
JacTorT, TO €CTh a>0 y BeﬁBHeT, COOTBETCTBCHHO, JOJLKEH YROBJCTBODATE YCIOBHIO

Cy= 2] ()2 ol do = 2 [ ( -0)12 1 do < oo,
0 0

B cnydae [MCKpeTHOTO BeliBaeT-ipeobpa3oBaHAa  yCTOMYMBBLIE — Galmc
OIIpENeNaeTCA CNENYIOHM 06pas3om.

Oysxups ye L2(R) HaswisaeTcd R-Qynximmed, ecim 6asuc {y;), onpeneneHnbii
(1), sasercs Gasucom Riesz’a B TOM CMBICIIE, 9TO CYIECTBYIOT [iB€ KOHCTAHTHI A U B,
0<A<B<oo, 1119 KOTOPBIX COOTHOLIEHHE

Alfe 2 <1V E, . B cpwll? < Bil{c,dily?

BBUTONHACTCS TNpH JHOGOH OrpaHMdeHHON, HMBRXRBI KBaAPATHIHO CYMMHEPYEMOil
TOCIIENOBATENBHOCTH {Cji}

”{cjk]”22 = Zj:-m 2]\,:_00 [Cﬂ\.’z < eo, .
Hast yroboit R-dysxumm cymecTeyet 6asuc {yi} - «asoiHuk» Gasmca [y} B ToM
CMBICHE, UTO <Y Wyim>=§;5,,, C T[OMOMBIO KOTOPOTO MOXKHO IOCTPOMTD
PEKOHCTPYKIHOHHYIO hOpMyIy

F) = Zpp > 0 (2). ©)

Ecnm y - opToroHansHeii BefiBner 1 {y,} - oproHOpMHApPOBaHHbIN 6a3uc, TO {yik}
u {y;} cosmagator u popmyna (6) sBaserca dopmymofi 06paTHOTO IIpeobpa3OBAHMS.
Ecmm v - He opTOroHanpHBEII BEHBIET, HO SBISETCS ABYXMECTHLIM WU IAPHBIM R-
selisreTom (dyadic wavelet), To OH HMeeT IBONHMKA W*, C IHOMOIIBI KOTOPOro
CTpOWTCA IBOMHIK cemMeticTsa {y;,} mopo6sio Gasmcy (1)

wik(r) = yiu(t) = 22y (- k), jkel



B ofmem xe cnydae pexoncTpykumonHas dopMyna (6) maxe He 06S3aTENBHO SBISETCS
BEHUBJIET-PAIOM B TOM CMBICTE, UTO W* HE JBIISETCS BEHBIETOM 1 {yik) MOXET He AMETh
6asrca-pBoHMKA, HOCTPOSHHOrO 1o THNY (4).

1.1.4. Yacrorno-epemennas nokamm3amus. [IpeoGpasosanve ®yppe W pambl
®ypbe  ABNAIOTCS IPEKPACHBIM — MATEMATHICCKHM aIMapaToM © ¢ JCHEeXOM
UCHONB3YIOTCA B IPUIOXCHUAX i (PU3MUECKONl HHTEPIpETAWH NPOUECCOB TIpH
aHajiA3e PasIFIHbIX CUTHANOB.

PeaneHbli cmrHanm Bcerga (Wmm, Oydme, KaK TPABWIO)  IPUHATNEKUT
npoctpancTsy L*(R). IIpeobpasoBanue ®ypbe curHama f{f) ¢ kOHeZHOW oHEprHE,
onpepenernoit Hopmoi ||fll,, mpencraBaser coGoit cnekTp sTOrO CHrHATA

£(@) 1) et

B HekoTOphIX cnyyadx ¢hE3EUECKas HHTEPHpETAldsd ¢ HOMOIIBIO 3TOH (hOpMYJIbI
OblBa€T 3aTpyNHHTENBHA. 1aK, YTOOBI IOJYyYWTH CHEKTPalNbHYIO HH(OpPMAIHIO Ha
BLIOpaHHOH YacToTe, HeOOXOMMO HMETh H BCIO NMPOLLIYIO B BCIO OYAYIIYIO BPEMEHHYIO
mHbOpManuoO; K TOMY e ¢opMyla HE YUHTHIBAET, UYTO YacTOTA MOMKET
SBOJIOLHOHMPOBATL co BpeMeHeM. IlpeoGpazoBanme Pypbe, Hampumep, He OTIMYAET
CHTEAJ, TPECTaBISFOINI COG0H CyMMy ABYX rapMoHEK sin(w;#)+sin{w,?), oT curnana,
COCTOSIIETO B3 TEX e rapMOHHK, BKIIOYAOIEXCS MOCTENOBATENbHO OfHA 33 HPYroH
(mpmMep paccMOTpeH BO BTOPOIi IJIaBe ).

Kpome TOro, m3BeCTHO, YTO 4acTOTa CHTHalAa OOpaTHO TIPONOPIHAOHANBHA €ro
npogo/RETeabHocTd. IlosToMy NI momydeHHs BBRICOKOYACTOTHOH wmHOpMammm C
XOpollleli TOYHOCTBIO BaXXHO HM3BIEKATh €€ H3 OTHOCHTENBHO MAallbIX BpPEMEHHBIX
WHTEPBAJOB, 4 HE M3 BCEI'O CHATHATA; M HAOOOPOT - HA3KOYACTOTHYIO CIEKTPAIBLHYIC
mH(pOpMaUMIO A3BIeKaTh U3 OTHOCUTELHO IIMPOKIX BPEMEHHBIX HHTEPBATIOB.

YacTs ONMCAHHBIX TPYAHOCTEN CHEMAeTCsd IPU HCIOIb30BAHMK OKOHHOTO
npeobpazosanusi Pypbe. OpHako, OECKOHEYHO OCUMIIHMpYIOmad OasmcHast (hYHKIAS
(cmHycompanbHas BOJNHA) HE IO3BOJSAET [ONyYaTh IO-HACTOALIEMY JIOKATM30BAHHYIQ
AH(pOpPMALIEO. DiIeMEeHTOM 6asyuca BeHBIeT-IpeoOpasoBaHus SBNSETCS XOPOIIO
Jokamm3oBaHHas (hyHKIHS, OBICTPO CTpeMSIasica K HyJIO BHE HeOONIbINOTO UHTEpBRana,
YTO II03BOJISIET NPOBECTH «JIOKAJIM30BaHHBIY CHEKTPAINBHBIA aHANU3» - CMBICH 9TOTO
HECKONBKO CTPAHHOTO. COYETaHUs CIOB CTAHET SiCeH M3 JajibHemnero. HusmMu croBamy,
BeliBIeT-mpeoOpa3oBadne  aBTOMaTHUecK®  oO0najaeT  MOJBAXKHBIM  YacTOTHO-
BPEMEHHBIM OKHOM, Y3KAM Ha MaJIbIX MacIiTabax | ITHPOKAM Ha GONbIIEX.

Kakosbl e  mapaMeTpbl  4YacTOTHO-BPEMEHHOTO  OKHA  BelBieT-
npeobpazosarua? ITockoneky W caMm BeHBIET Y, W ero dypbe-o0pas y* gocTaTouno
GLICTPO  CHATAIOT, OHW MOrYT OBITH HCHONb30BAHBI KaK «OKOHHBIC (DYHKUMH» C
KUEHTPOM» W «UMPHHON», OLpefieNsieMbIMA CERYIOMIM 00pasoM.

Iis HeTpUBHMANBHOM OKoHHON (ymkimu z(f)e L2(R) (HeoGxommmo, ITOOBI fz(7)

TakxKe npEHaiexkaia L2(R)), ee UeHTp ¢* U pajmyc A, onpefenstoTcss hopMyaaMe
=MD [tz d) m A= AN (- 7 )2 2()12 ds iz,

TIPH 3TOM HIMPHHa OKOHHOM (PYHKIY €CTh 24, .

TIycTh £, Ay, @, Ays - OIpPEHEICHHBIE IO 3TEM (DOPMYaM HEHTPEI U DajgEyChl
BeffBIIeTA ¥ W ero (ypbe-obpasa y", coorBeTcTBeHHO. Tornma MeTerpansHoe BeiBneT-
TpeoGpasoBasme (5) OrpaHHICHO «BPEMEHHBIM OKHOM»

[win,] = [b+ar*- 2a A, b+at+2a Ay).

To ecTh HMEET MECTO BpeMeHHas! JIOKAIM3al@s C IIeHTPOM OKHAa B b+al* W IUHpPHHON



okHa 2aA,. BeegeM dyskmmo n(w) = y'(0+®*), KOTOpas TakxKe SBISETCS OKOHHOM
GhyHKIHEi ¢ UEHTPOM B Hyle H PagdycoM Ay.. BOCHOIB30BABLUIACE PABEHCTBOM

<f,g>=<f",g">/2r, MOXKHO 3alHECaTh HHTErpalbHOE BeliBleT-npeobpazopaune (5) pis
dypee-o0pasa f* B BHfIe

W(ab) = lali2 Tf ) etro n(a(w- w'la)) do. (7)

- oo

Ecmu oTteneuncs or ¢azoBoro cusMra W KOHCTAHTRL, TO CTAHET OUEBHIMBIM, YT0
npeoGpasoBanue (7) JaeT NOKAIM30BaHHYIO MHGOPMALMIO U O clexTpe f *(®) chrHama
(1) ¢ «1acTOTHBIM OKHOM>

[win,] = [w*/a - AyJa, ®*la + Aylal.

YacroTHas 7OKanu3al@s NPOMCXOJHT OKOJIO HEHTpa OKHAa B ®*/a ¢ OIMpHHON OKHa,
paBHOI 2A./a.
3aMeTHM, YTO OTHOMIEHHE EHTPAIbHOM YaCTOTh! K IIAPHHE OKHA

(w*/a) | 2Ayr/a) = 01 (20yn)

HE 3aBHCHAT OT MECTONONIOXEHNS eHTPATLHON 9acTOTHl, 8 YaCTOTHO-BpeMEHHOe OKHO
[win [x{win,], mMeromee mmomanb 4A,Ay., CYXAeTCS TPH BBICOKOH NEHTPATLHON

9acTOTe W*/a W pacumpaeTcs npy au3kod (puc. 1, a).

s cpasHemma Ha puc. 1 mokasaHa mnoKanmm3alEd B HaCTOTHO-BPEMEHHOM
npocTpaHcTBe npeobpasosanmi Pypre (puc. 1, 6) n llennona (puc. 1, 8). Vzsecrro,
yro npeodpazopanme Pyphe psfa NaHHLIX ¢ PABHOMEPHOU IACKpeTH3ael 10 BpeMeHH
At He MOXeT JOCTHYh JMCKDEeTH3alE¥M IO 4acToTe OonbHIe, YeM Aw=At2 (qaCTOTa
HaiixkBucTa, ZeMOHCTPHPYIOIIAs YAaCTHLI ClyYyail MPUHIAIIA HEOPENeIeHHOCTH MEeXITY
BPEMEHHOI W YACTOTHON noKanm3aimei). AHANOTHIHOE OTpaHWYEHHE [jis BEHBIIET-
npeoOpa3oBaHus MOXKHO BBIPA3UTh COOTHOIIeHneM AfA®m>1/(4r). Puc.1 nemoncTpupyer,
yTO TpeoOpazoraHme Pypbe XOpPOIIO JOKAMM3YeT YacTOTy, HO 0e3 BpPEMEHHOro
paspemenns; npeoOpazopanme lllemrmona He o6nmagaeT 4YacTOTHOH JOKATH3aUHEH;
BefBieT-Ipeo0pa3oBaHAe WMEeT MOEBYIKHOE OKHO, JOKAad30BaHHOE  OKOIO
BLIOpDAaHHOTO MOMEHTAa BpPEMEHU H pacumpsiomeecs ¢ pocToM Macmraba, 4To H
sBJIAeTCS HanGonee XenaTelIbHbM IPH MONYYEeHIH CIIeKTPalbHOH HH(OPMAaIHH.

TIposeneM cpaBHeHue BeHBIeT-NPe0Opa3oBamus (5) ¢ 4acTO UCHOTb3YEMBIM IS
afai3a CHIHaTOB OKOHHBIM, HJIH KOPOTKO-BpPEMEHHLIM, Tpeobpa3oBanneM ®Pypne

Fwb) = | A7) 2(t- b) eior dt

s

Z
s 1/a3-~——~§i§L"‘—“ .]{3 ///// \ N
e — : / “
.
N \

o | e -
{ i

~

a b 13) 8

a, l/a.z e —

N
N

B>
>¢4
Y

Puc. 1. HacroTHO-BpeMeHHas JoKaiu3auus NpeobpasoBaduii ¢ pA3HLIMH - aHATH3ATOPAMI:
a - Be#tBJeTsl, § - rapMorHKY Pypoe, 6 - pynkuun Hlennona
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- npeoGpasoBatueM Dypbe CHrHANA, YMHOXEHHONO HpPEJBAPHTENBHO HA OKOHHYIO
yrkumro z. Takmm 06pasom, F(m,b) CTh pasoXeHHe CHTHATA IO CEMEHCTBY hyaxIIIHI
2(t- b)eior, 0GPA3OBAHHOMY H3 IMHCTBEHHOH (HYHKIIHM 2(f) C TIOMONIBIO IEPEHOCOB b BO
BPEMEHH W IIEPEHOCOB (® MO YacToTe, B TO BpeMs, Kak pe3yibTar BeHWBIeT-

npeodpasoparms  W(a,b) ecrp pasnoxkeHme curHana mo cemeidictsy y((s- b)/a),

06pa30BaHHOMY U3 eMHCTBEHHOH (hYHKIMHA () C IOMOIIBIO IepeHOCoB b BO BpeMeHH U
pacTskeHHH a TakXKe BO BpeMenH. Beiiier-mpeoGpa3oBanve npejcTaBiseT coboi Kak
6b1 HEIIPEPLIBHBIA OaHK OKOHHBIX Npeobpazopammil Pypre ¢ pasnuIHBIMU OKHAMHE IS
KaXTOH 9aCTOTBI. :

Takmm oOpa3zoM, GasuCHBIC (PYBKIHH OKOHHOIrO IpeoOpasoBanms ®ypbe HMEIOT
OJHO W TO e paspellleHdHe IO BpeMeHH m dactoTe (z(¢), z*(®)) mis Bcex Touex
IUTOCKOCTH Tpeo0pa3oBaHWsl, B TO BpeMs, Kak OasdcHble (DYHKIUME BEHBIET-
NpeoOpa3oBaHds AMEIOT YMEHBUIAIOMIEeCs ¢ MacTaGoM a paspellieHre MO BpeMeHH
y(#/a) w yBenmumBatomeecs ¢ MacliTaGoM a paspeleHde no dacrore W'(aw). DT
CBOHCTBO BEHBIIET-MPeoOpa3OBaHUs NaeT eMy GONbIoe OPEeHMYIECTBO MPH AHAIA3E
CHTHaJOB, TaK KaK BBICOKOYACTOTHBIE XapaKTEPUCTHKH OOBIYHO  XOPOIIO
JIOKAIMA30BaHbl, 2 MEJUIEHHO MEHSIOIUECT XapaKTepHCTHUKA TPeOYIOT XOPOIIETO
HU3K0YACTOTHOTO Pa3pelieHus.

Jlerko BHEETh, 9YTO OIMCAHHBLIC IIPEWMYINECTBA BEHBJIETOB  OKaXyTCs
YPE3BHIYANHO TONE3HBIMA U IIPH PEICHIA YPaBHEHMI.

1.2. Ba3ncHbie (PyHKITH BeHBAET-IPE0OPa3oOBAHUS

o cmx mop TepMWHOM «BelBieT» Oe3 onpefencHms o0o3Hadanach Hekas
CONMTOHOMORO0HAs (DYHKIAS, BBOIAIACH CBA3AHHBIE C HEIO IOHATHS W ONACHIBAIIUCH
HEKOTOphie ee CBOMCTBAa. B ymreparype MbI He BCTPETHIH OOMIECIPHHATOTO yNATHOIO
ompepelieHWs BeliBieTa. BemmmmeM HEKOTopble NPH3HAaKW BeiBrera. OTMETHM, YTO
GONBIIMHCTBO OrPAHMYCHUL, HAKTabIBAEMBIX Ha BEUBIIET, CBSI3aHO C HEOOXOMUMOCTHIO
AMeTs 00paTHOE peodpasoBanue (AE PEKOHCTPYKIHOHHYIO (hOpMYIy).

1.2.1. Ilpu3naku BefiBnera. [In9 IPaKTHYESCKOTO TNPAMEHEHWS BaXKHO 3HATH
UpW3HAaKH, KOTOPhIME o0s3aTelbHO HonkHA oOnmagaTk ¢yHKUES, d9roOpl  OBbITH
BEMBNIETOM; IPUBENEM HX 3[IeCh, 4 TAKXKE PACCMOTPHM B Ka4ECTBEe IPAMEPOB HEKOTOPhIe
XOpOIIIO M3BeCTHBIE (DYHKIMH U X COOTBETCTBHE ITHM HEOOXONAMBIM IIPH3HAKAM.

Joxaauzayun. Behpner-npeobpa3oBaHue B OTIHIHEE OT Npeobpasosamna Pypoe
ACIONL3YeT JIOKANW30BAHHYIO OasmcHYyr0 (yHKImio. BelBrer pomken OBITH
JIOKaN®30BaH B BO BpEMEHHOM M B YACTOTHOM IIPOCTPAHCTBE.

Hyaegoe cpednee

Tw@)dr=0.

-

YacTo [ NPANOXEHUH OKa3bIBAETCS HEOOXONAMBIM, ITOOBI HE TOILKO HYyJIEBOU, HO H
BCE IEPBbIE 1 MOMEHTOB ObITH PAaBHBI HYIIEO (BEHBIIET /M-0r0 TOPSIKa)

7 tmy(t) dt = 0.

- oo

Taxue BelBlieTHI TO3BOJSIOT, WTHOPHPYS Hambolee pEerylsipHblE NOMMHOMHUAILHBIE
COCTaBIMIONIAE CHTHANA, AaHAJHM3APOBATh MEJKOMAacIITabHble — (QIyKTyalud u
0COOEHHOCTH BLICOKOIO IIOPSKA.

Oepanuqenrnocmb

(D)2 dt < oo,
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Ouenka XOpoIlel JIOKaIA3alHK B OTPaHHYEHHOCTH MOXKET ObITh 3aIMCaHa B BUJIC
h(0)l<1/(1+27) mmm y*(w)l<1/(1+lk- wyln), 3nech oy - foMAHAHTHAS YacTOTa BEHBIETA,
1 TOILKHO OBITh BO3MOXKHO GONBITIAM.

Camonodobue. XapakTepHbIM IpPH3HAKOM 0a3uca BeHBIET-IPeoOpa3oBaHms
SBJIACTCH €ro CaMomOfOOHeE. BCE BEHBIETBI CeMENCTBa V,(f) WEMEIOT TO Ke YHCIOo |
OCIHJIIALIMN, ITO ¥ Ga3UCHEIH BeHBNET W(f), TOCKONBKY ITONyYEHEI 03 HET'O HOCPECTEOM
MacIuTaOHbIX Ipeobpa3oBaHmil B IEPEHOCOB.

ITponeMoucTpHpyeM CKa3aHHOE BBINE HAa KOHKPETHBIX mpuMepax u3 [6,7]. [lng
CPaBHEHHA Cpelu TPHBEAEHHEIX (YHKIWH eCcTh BeHBneTHl (TPH IHOCHEIHnue MIpuMepa) |
dyHEKIEM, KOTOpble BelBIETaMHA He SBIAIOTCHY (TpH nepeble upmuMepa). Ha puc. 2
OpHBefieHb] (DYHKIWH, 3aBHCAINE OT BpeMeHH, (BepxHm psit) M HX (Pyphe-06pa3ssbl
(emKHEH pan).

XOpoIo NOKaja@30BaHHas B f(-IPOCTPaHCTBe O-(hbyHKIMS He obmajaeT STEM
CBOHCTBOM B k-TipocTpaHcTse (puc. 2, a). XOpouio TOKaIX30BaHHbI B k-IIPOCTPAHCTBE
CHHYyC HE JIOKa/IH30BaH B t-IIpocTpaHcTBe (puc. 2, 6). ®yukims ['abopa (puc. 2, 8)

G(r) = expliQ(t- tp) -i0] exp[- (- 15)2/262] /[o(2x)112]

- MOMyJHpoBaHHas (yHKIsA ['aycca ¢ 4eThIpbMs TapaMeTPaME: CHBHT [y, CTAHIAPTHOE
(cpemHekBanpaTHIHOE) OTKJIOHEHWE O, 4acToTa MOmymsuwd () m a3oBbii cusar O.
Paznoxenne no ¢yukumsiM DaGopa sBiseTcss pa3ioXeHHEM IO MOJYIAPOBAHHLIM
(pparMenTam cunycomy. nmua (bparMeHTOB Mjis BCEX YaCTOT MOCTOSIHHA, 9TO HAET
Pa3IIHHOe YHCIO OCHAMIAIME TS pasHbIX rapMOHAK. T0 ecTh XOpOoUIo JIOKaIH30BaHHbIe
U B - 1 B k-pocTpancTse yHkumd ['abopa He 06/1afaroT CBOICTBOM CAMOIOHO0HS.
HAAR-peitBrer (popmyna (3), puc. 2, 2) - HPAMEP OPTOTOHAIBLHOTO JECKDPET-
HOTrO BelBJieTd, TOPOXKAAIONIErO OPTOHOPMHAPOBAHHLIN Oa3wmc. HegocTarkamu sToro
BeHBJIeTa SBISIOTCS HEIVIANKOCTh - Pe3Khe TPAaHmNbl B [-IIPOCTPAHCTBE, BCIEACTBHE
Yero BO3HEKAIOT OecKoHeuHble (yObIBatoimue, Kak k-1), «XBOCTBI» B k-IIpOCTPAHCTBE, a
Tak:Ke HecumMeTpusi ¢opmsel. [Inst HEKOTOPBIX NPHWIOKCHHHA 3TH HEJTOCTATKU
HEeCYIUECTBEHHBI, a HHOINA OJHOCTOPOHHOCTH BefiBieTa Jaxe  CTaHOBHTCS
JOCTOMHCTBOM. HacTo MpAMEHsIeTCS] TOXOKMH THCKPETHBIM, HO cumMeTpaanbit FHAT-
BeliBneT, Gosee M3BeCTHBN Hop HasBauueM «Ppaniysckas msna» (French hat)

1, <13,
w(t) = 12, 13<li<1, W (k) = 3H(k) (sink/k - sin3k/3k),
, >,

roe H(k) - pyuxuns Xepucatia.
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. Ha puc. 2, 0 pns npumepa nokasan LP-seimner (Littlewood, Paley). FHAT-
BEMBNICT, HEDETy/APHBI BO BPEMEHHOM NPOCTPAHCTBE M HEAOCTATOMHO OBICTPO
CHAfAIONMA B 4actotHOM, u LP-seiiBrer, Hao60opoT, EMEIONMI pe3KO OYepyeHHbIE
I'PaHUIbl B IPOCTpaHCTBE Pyphbe M IJIOXO CHAJATONIMI BO BPEMEHHOM IPOCTPAHCTBE,
MOXHO CUNTATEL MpPEfENbHLIMA CIyYasMH, MEXAY KOTODBIMEA HAXONATCs Hambolee
NIPAEMIIEMBIE BEURIETHI.

1.2.2. Tipumeps BeiiBneTooGpasyromux Gyskmai. [lockoneky BelBIET-
npeoOpa3oBaHre €CTh CKASIPHOE MpOH3BEcHWe AHANM3MPYIOMETO BEHBIETA H
aHATM3EPYEMOro CcprHana, Koapdmuentsl W(ab) comepXaT KOMGHHHPOBAHHYIO
vH(OpMAIIO O BefBreTe B curHaie (Kak @ kosdhdumenTsl npeobpaszosamus dypee,
KOTOphbIE conepKar HH(OpPMAalAIo O CHTHaJe W CHHYCOHFANLHOM BOjHe). Bribop
aHAJA3APYIOIIEro BeHBJIETa, KaK IPaBHJIO, ONPENeAeTCA TeM, Kakyro mH(OpMarmio
Heo0X0IrMO H3BJIeYh B3 curHasia. Kasxnpld BeliBiieT mMeeT XapakTepHble OCOOCHHOCTH
BO BPEMEHHOM H B YaCTOTHOM TPOCTDAaHCTBE, TIOSTOMY WHOITIA C MOMOIIBIO PABHAIX
BEUBIETOB MOXHO TIOJIHEE BBIABUTH H TONUCPKHYTH Te WA HHBIE CBONMCTBa
aHATA3APYEMOrO CATHAIA.

Ecin OpoOmOKATH yKe YIOMHHABIIYIOCS AHAJOTHIO C «MAaTeMaTHYeCKHM
MUKPOCKOHOM», TO TIapaMeTp COBEra b (hpuKCHpyeT TOUKY (POKYCHPOBKHA MHAKPOCKOIIA,
MaciTabupit Koa(hPUIIRe T @ - YBeImIeHAE U, HaKOHEI], Bh1I6opoM Oa3mCHOrO BENBIETA
 OIIPEJEITOTCS ONTHYECKHE Ka4eCTBAa MEKPOCKOIA. :

BemecTBeHHBIe (a3mchl 4YacTO KOHCTPYHPYIOTCS Ha OCHOBE IIPOH3BOIHBIX

¢ysxmmu ["aycca
Ynlt) = (-1)mdpfexp(-1t2i2)], (k) = m(ikymexp(-Ik2/2),

3fiecs dn=0n|)/0tm. Boiee BBICOKUE TPOH3BOJHBIE HMEFOT GOINbBIIE HYJIEBBIX MOMEHTOB 1
MO3BOJIIEOT W3BJedb wmHGpopMaImio 00 0co6eHHOCTIX O6onee BBICOKOIO TMOpPS.Ka,
COMepKAIMXCA B CATHAIIE. :

Ha puc. 3, a, 6 noka3aHbl BEHBIETHI, HOMYICHHbE OPH m=1 B m=2, COOTBETCT-
BerHO. V3-3a mx hopMpl MepBhIfl HA3BBAIOT OObIYHO WAVE-BeiBleT, BTOpOH -
MHAT-sefiBner, una « Mekcukanckas nuisma» (Mexican hat).

MHAT-peiBneT, mMeronmil y3x@il SHEPrETAYECKUI CIEKTp H [Ba HYyMAeBBIX
MOMEHTA, XOpOINO IMPHUCHOCOGIeH IS aHalm3a CIOXHBIX curdanoB. OGoOmeHHbII Ha
meyMepubIil ciydair, MHAT-BefiBfieT 4acTO HCHONB3YETCS A aHaIU3a H30TPONHBIX
nonett. Ecna 3Ke mpoms3BofHast GepeTcd ML B ONHOM HAlpABACHHH, IONYTacTCs
HEH30TPONHBIA 6a3uc ¢ Xopolell yriaoBo# m3dmparembHOCTBIO [6]. [Ing mocTpoesws
Takoro Gasmca K MACINTa0HBIM Mpeo0pa3oBaHudIM W CEBAraM OAasHCHOro BeiiBleTa
HeoOXoguMo po0aBuTh ero BpameHme. [Ipm 3TOM «MaTeMaTHYECKWli MMKPOCKOI»
npuofpeTaeT emie ®W  KadyecTBa  NONADHE3ATOPa C  YIVIOM  NOTSIPH3AIMH,
PONOPUHOHAILHBIM YTy IOBOPOTA BEBIIETa.

Ha ocroBe dynkuym [aycca crporTcs Takxke Xopomo m3secThei DOG-sefiBieT
(difference of Gaussians)

w(t) = exp(-1#12/2) - 0.5exp(-1112/8),
Y (k) = (2r)-12[exp(-1k2/2) - exp(-21kl2)].

TIprMepsl KOMIUIEKCHBIX BEiBIETOB NPHBENCHBI Ha pHC. 3,6,2 (TOKa3aHbI HX
ReliCTBUTENBHBIE cOCTaB/somme). Hamboee 9acTo HCHOJNB3YEMbIH KOMIIIEKCHBIA
0a3dC CTPOHTCA HA OCHOBE XODOINO JIOKATA30BAHHOTO B k- @ B /-IIPOCTPAHCTBE
BeiiBiera Mopie [1]

w(t) = exp(iket) exp(-712), w (k) = H(k) exp[-(k- k)*/2]

- mIOocKag BOJHA, MOJYJUPOBAHHAS [AyCCHAHOM 6JAHMYHOH mmpmHbL Ha pmc. 3,8
Befterer Mopne nokazan npd k=6. C yeemmdenmeM k, BO3pacTaer yriaoBas

I/I36HpaTCIII>HOCTB 6&3HC8., HO yXyMIacTCda IPOCTPaHCTBEHHAA.
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Prc. 3. TIpuMepb! 4acTo MCnoae3yeMbix BEWBNETOR: @ - WAVE, 6 - MHAT, ¢ - Morlet, 2 - Paul,
0 - LMB, e - Dobechies. IToka3anb! BeHBIIETh! B 3aBUCHMOCTY OT BPeMeHHU (BepXHuil pan) ¥ ux 00pass
Dypbe (HILKHHI psifT)

Hacro npAMeHseMblii B KBAHTOBOM Mexaunke BeliBieT ITayis [8]

w(t) = T(m+1) i/ (1-ieym+1, y*, (k) = H(k) (k)» exp(-k)

mokasaf Ha puc. 3, ¢ npg m=4. Uem Gonblme m, TeM OOIbIUE HyNEeBEIX MOMEHTOB AMSET
BelBIeT.

[IpencrasnenHble KOMIUIEKCHBIE BEHMBIETHI SBISIOTCS IIPOrPECCHBHBIME. [ak
Ha3pIBAIOTCSL  BeWBIeTHI, WMelolmpe HylneBele Ko3hdumumentel Pyppe 11pU
OTPHLIATEIbHBIX 3HAYEHASX BOJHOBBIX “mced. OHH XOpPOMIO MpHCIOCOOGNEHBI AN
aHaJW3a CHMTHAJNOB, A KOTOPHIX BaKeH MPHHUAI IPHYAHHOCTH, - 3TH BEMBJETHI
COXPAHSIOT HaIpaBicHWE BPEMEHM U HE CO3[AI0T HapasuTHUeCKOH HHTephepeHIyn
MEX/Iy OPOMINLEIM B OYIyIIAM.

OrMeTn™, YrOo 1pH aHaJA3e KOMIUIEKCHOTO OJHOMEDHOTO CHTHala WIH
HCIONB30BAHEN KOMIIIEKCHOT'O AHANU3UPYIOUIETO BEeHBIETa B pe3ynbTaTe BEUBIET-
1peoGpa3soBaHna HOIYIAIOTCS ABYMEPHbIE MACCHBBI 3HAYECHUNA MORyNs KoaddbunuesTos
u aset W(a,b) = W(ab) exp(i(b(a,b%).

Ha puc.3,0,e npuBeleHB! TpUMEPE! BEUBIETOB, KOTOPBIE 4acTO CHyKaT OCHOBOM
JIS IOCTPOSHAS OPTOrOHANBHLIX IACKPETHRIX Ga3rcoB Tuna (1) ¢ moMompio mponeypsl
Manna [%: LMB-gefrer (Lemarie, Meyer, Battle) [10,11] u omwe u3 BelBneTOB
Mobeunr [5]. Dro OH-OpTOrOHANBLHBIE BeHBIETHI, HMeolife M[Mapy (HBOHHHUKA),
HEOOXOIUAMYIO JISl IONY4eHWs PEeKOHCTPYKUMOHHOW (popMybl. B  1m@THpOBaHHBIX
pafotrax ImpepcTasIeHL! ApYyr@e TIpAMEpPH!  TakWX  BEHBJIETOB H crocoSpl  Bx
KOHCTPYRPOBaHHS.

1.3. CBoiicTBa M BO3MOXKHOCTH BENBJIET-NPEOOPATOBAHUS

B ornmyue oT opHOMepHOro mpeofpa3opaHms ®Pypee, JArOIIEro TaKXe
OFHOMEPHYIO WH(pOpMarmme 00 OTHOCHTENbHOM BKNAe (aMINATYAAX) PpasHBIX
BpeMeHHBIX ~ MacmraGoB  (9acToT),  Pe3yibTaroM — BEHMBJICT-TIPeOOpa30BAHHS
OJHOMEPHOTO P SBIAETCS ABYMEPHbLI MaCCHB aMILTUTYJI BedBIeT-Ipe00pa3oBaHnd -
3Hauenmi Koapommentos W(a,p). PacnpepeneHue oTux 3HaueHHH B IPOCTpaHCTBE
(a,b) = (BpemenmOl MacuiTal, BpeMeHHas JIOKamM3auus) faeT MHPOPMAINRo 06
3BOMIOLMA OTHOCUTEIBHOIO BKJAa CTPYKTYp pasHOTO Maciiraba BO BpEMEHH H
HasplBaeTcsi (O aHANOTMH CO  CHEKTPOM  aMIVIATYN wWia  Ko9(pduIHeHToB
npeobpazopaumst Pypbe) CHeKTpoM KO3(D(PHUMECHTOB BEHBIET-TPeoOpa3OBAHES,
JaCTOTHO- HIIH MaclITabHO-BPEMEHHBIM CIIEKTPOM MM BeHBIET-CIIEKTPOM.

B mareparype yxe npaHaTO ciekTp @ypbe HazpIBaTh single spectrum, B OTIHYHE
OT BEHBJET-CHeKTpa - time-scale spectrum, nmi wavelet spectrum.

1.3.1. CnocoGb1 npegcrasiienns pe3ynbraroeB. Cuektp W(a,b) omroMepHOro
CUTHAJA IIPEfCTaBNdeT cOOOH TOBEPXHOCTE B TPEXMEpPHOM MpocTpaHcTie. Crocobbl
BA3yaM3ANAR 3TOH WHGOpPMAUMA MOLYT ObITh pa3nuyHbMU. Kpome IIOBEpXHOCTEH,
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JacTo OPEefCTaBILFOT UX NPOSKIMH Ha INIOCKOCTh (a,b) ¢ M30MMHAsIME (M30yPOBHSIME)
Wl TCHEBRIE KAPTHHBI, IO3BOMSIOMEE HPOCTENATh H3MEHEHHe aMILIATY BEHBIET-
NpeobpasoBarys Ha DasHbiX MACITabaX ¥ BO BPEMEHW, 4 TAKKe KapTHHbI JIAHE
JIOKAIIbHBIX 2KCTPEMYMOB. ITHX TMOBEPXHOCTeH (Tak HaspIBaeMbId «sceleton»), detko
BBRIAB/LOIAC  CTPYKTYPY —AHAIM3UPYEMOTO MpoNEcca. TEPMHH  «CKeleT» WA
«CKEJIETOH» XOpOWO OTpakaeT CMBICH KapTHH JTHHAH JOKANLHEIX 9KCTPEMYMOB U MBI
4acTO GyfEeM HCIONB30BaTh €10 /Ui KDATKOCTH.

B Tex ciydasx, korja HeoOXO§MMO IIOKa3aTh OYEHb IMMPOKHWI [UAMNA30H
MacITaboB, MpeMIOYTATEIbHES BA3YaA3alTs pe3yIbTaToB B KoopauHatax (loga,b).

[IponeMoncTprpyeM cKaszaHHOe Ha [pEMepe Hpeobpa3oBaHds KOHKPETHOTO
CHATHAJA, He KacasiCh mHTepIpeTalidy pe3ynbTaToB aHanu3a. Ha puc. 4, a npefcrasieHa
3aBHCAMOCTH MHTEHCHBHOCTH IJIO0OAJBbHOTO TPOUNMYECKOro HUKJIOTeHe3a OT BPEMeHM B
nepuog ¢ 1983 mo 1992 rop; psi cocraBieH m3 3HAYCHM KOMW4ecTBa TaiihyHOB B
TpOIMYECKOH 30HE 3eMIEA B CyTKH, IWHa psja paeHa 3654 cyrkam. Pesynbrartst
aHanm3a 9aCTHIHO omy6imkoBaHs! B [12]. Ha puc. 4,6,6 nokasanbl XapTHHA SHAYEHHH
koapdumentoB W(a,b) 1 KapTHHa 3HaYeHWH IWIOTHOCTH SHeprum carHana Ey(a,b)=
=W2(a,b) (cm.om. 1.3.3.) B npoeximsx Ha WIOCKocTh (@,b): mo oca abeumce b OTIOKEHO
BpeMsl, 10 OCH OPAIMHAT @ - BPeMEeHHON MaciTal, MEeHSIOIAIACS OT HefIeIH [0 MOIyTopa
ner (MaciTa® NmMHEWHO pacreT BHW3). B BbramciaeHmAx ucnombsosanca MHAT-
BetiBrer. Ha puc.4, 6 cBeTibie 00IaCTH COOTBETCTBYIOT MOMOKUTENbHEIM, 8 TEMHBIE ~
OTpHLATENbHBIM 3HaueHAsM W(a,b), OTTeHKaM: Ceporo IBera B KaXJol u3 obnacrel
BBIEJICHbI Mana3onbl 3Havenmi W(a,b). Ha puc. 4, 6 cBeTibie 0611aCTH COOTBETCTBYIOT
GOMBITAM 3HAYCHUSM IOTHOCTY aHepriw Ey(a,b), TEMHbIE - MEHBIIEM. - :

3paveHAe aMIUIATYABI BeHBIET-IIpeolGpa3oBanus B TOUKe (ag,by) TeM Oombiie,
eM BBIIe KOPPEIsnyst MeX Iy BeHBIeTOM HaHHOI'O MacIiTaba U MOBefecHueM CATHANA B
okpecTHOCTH ¢=bp. OO6e KapTHHBI JEMOHCTPHPYIOT, 4YTO HPONECC COCTABISIEOT
KOMITOHEHTBI PA3HBIX MAcUITabOB W 4TO OH HeCTaloHapeH - skcrpemyMmbl W(a,b)
HaOIOAIOTCH Ha PasHbIX MacirTabax, MHTEHCHBHOCTE MX MEHAETCA B CO BPEMEHEM H C
MmacmradoM. Ha macmraGax nonrofa-rof Nporecc OYTH NePHONUICCKHi, I'OIOBON X0/
OTHYETHUBO IIPOCHEXKMBAETCS Ha 0oOeux KapTmHax. llepecoenmmeHus MakCEMyMOB Ha
KPYIHBIX MacmTabax MOryT TOBOPHTL O HEJMHEHHOCTE IIpomecca Ha Macurradax Gonee
rofa (HenOKanbHBIC B3AUMOACHCTBHS SBISIOTCS ONHAM W3 XapaKTEpHLIX CBOUCTB
HEJIAHEHHBIX CACTEM).

IIpomecc 3ameTHO YycnoxkHAEeTCd HA Macmrabax Medee nonyroga. [Ins
MIAFOCTPALUAR 3TOTO Ha puc. 4, 2, 0 B EpyroM Macmrabe Ansd HeOOIbImoro dparMenTa,
BbIIeJIeHHOro Ha prc. 4, § paMKol, NOKa3aHbl KapTHHA 3HAYEHHH INIOTHOCTH SHEPIUH
Ey(a,b) v xapTVviHa THHUI TOKAJBHBIX 3KCTPEMYMOB - JIRHAN, 0T Maciuraba K Macirady
COEMHAIONINX SKCTPEMYMBI K&XMOH JETAIM IOBEPXHOCTA («XOIMa» HIH <«BIATHHbD? )
oTmenpHO. MHOrne apTOphl MOJArafoT, ITO CKEeNETOH He TONBKO YeTKO B 0e3 JmmHuX
NeTayiedl BU3yanm3EpyeT CTPYKTYPY aHaJIHM3HPYyEeMOTO IIpouecca, HO CONEpKHAT BCIO
mHpopMaumio O HeM. TeMHble NMHWE Ha PHECYHKE OTMEYaloT IIOJOXKCHHE MaKCHMyMOB
W(a,b) - BepmmH «XOIMOB», 0Olee CBETIbIe NYHKTUDHBIE JIMHEHM OTMEYaroT
HoioXeHne MUHAMYMOB W(a,b) - THO «BIATHH».

Ha pmc. 4, 2, 0 MOXHO NORPOGHO paccMOTPeTh MENKOMacluTabHble AeTamd
nporecca: B BepxHell YaCTH KapTHHBI €CTh SBONIONEOHUPYIONIHE HACTOTHI, BHIHBI
[MANA30Hbl JIOKAJLHON HEpHOAMYHOCTH INpoIecca Ha pasHBIX Macmradax, JHHAH
JIOKANBHBIX 3KCTPEMYMOB UeTKO 0003HAYAIOT IOTOBYIO U TIOIYTOJOBYIO NEPHOTTUHOCTH
(B HIDXHEH wacTH KapTHHBI), HA HEKOTOPBIX Maciutabax (B Bepxueii m cpemmeli yactu
KapTHHbI) OHE 00pa3yIoT «BUIOYKM», XapaKTepHbIE I/id OudyypKalmii yIBOSHIS IEPHOJIA.

Mgl ye TOBOPHWIH, YTO BeHBIET-NPeoOpa3OBaHME pa3laracT aHAIM3UPYeMbIHd
[POLECC HA COCTABIISFOIIAE €70 BOJHEI, KOMIOHEHTBI PA3HOTO MaciuTaba i, KpoMe Toro,
JaeT «JIOKAJU30BAHHYIO» BO BpeMeHH HH(OpMammio o mpouecce. ['OpH3OHTanbHOE
CeyeHre MOKa3aHHbiX HA PUC. 4 KapTHH IPH 3ajlaHHOM MaciiTabe a IIOKaXXeT H3MEHEeHue
KOMIIOHEHTHI BBIOpAHHOTO Macmrada co BpeMeHeM. Bepruxanbuoe CedeHHE KapTHH
KO OMIMEHTOB WM KapTHH [IOTHOCTH SHEPIHH B HEKOTOPBIA MOMEHT BPEMEHH [y
TMPONEMOHCTPHPYEST [OBENCHHWE NpONECca B OKPECTHOCTH BBIODAHHOrO MOMEHTA
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2. ‘O

Puc. 4. Ilpumep meifsner-npeaOpa3oBaHid PEanLHOrO CUCHANA! ¢ - avanw3WpyeMei curHan, 6 -
kapTaHa koa(pduumentor W(a,h), ¢ - maoTeHOCTL 3HEpPTHH Fyla,h), 2 - TUIOTHOCTL BHEPIUN

(dparMmest), O - IHHIY HOKAILHBIX SKCTPEeMYMOB ((hparMenT)

BpeMeHA (MOXHO ONpefesATh HANWYHEe W NOPAJoK  ocofeHHOCTH, HABGOp
3aj1eiCTBOBAHHEIX MACIITA00B, CM. AHAIM3 JOKAILHON peryispaocTy B 1.1.3.3).
O6paraM BHEMaHHe, 9TO 3HAUCHHE aHANM3APYeMo# (OYHKIHAM B TOUKE [y BIAIET
Ha 3HAYeHWs K03 PUIIEHTOB Npeofpa3oBaHus B PACTYLHIAX ¢ MacnTaboM BpeMEHHBIX
[Mana3oHaX B TaK HaselBAGMOM VyITie BIASHUS (pHC. 5, a). FICHO, 4TO yron BiMsHUs
BRITTISJIAT WHAYE, €CIH MacliTa® MEHSIETCs He JIMHEHHO, a IO MHOMY 3aKOHy (HanpmMep,
norapucdMuueckoMy). B cBoro ouepens, koaddumment W(a,b) B Touke (a,,b,) 3aBHCAT
OT 3HAYeHWH pslia W3 OIPELNLSMOro TeM K€ YIJIOM BIMSIHWS BPSMEHHOIO JHaria3oHa
(puamazona WHTErpHpOBaHuA) 0KONO by (puc. 5, §). [duamasoH 3TOT TeM GObiIe, YeM
Gombile MaciiTad @y, TO €CTh BHICOKOYACTOTHAS (M MeJKoMaciuTabHas ) wadopMangs
BBIYHCISETCS, HA OCHOBE MANBIX OTPE3KOB PSia, a HA3KOYACTOTHAS - GOJbIIHAX.
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Puc. .5. Yron simsmus (2), (6) 1 nonoca siustaust (8)

a

MaxcrManbHbBIA YIOMl BIESHAS - YTOJI JOCTOBEpHOCTH ([Isi IpUMEpa OH IOKa3aH
Ha puc. 5, 6), oTMedaeT 06JacTh JOCTOBEPHOCTH - 00NACTh, BHE KOTOPOH KoadGuim-
erTsl W(a, b) BEMHCISEOTCS yKe IO OTpe3KaM, BRIXOJSIIIAM 3a rpaHmibl psita (Kak 6bl
110 IONONHSHHOMY psifty ). 1S yMEHbIICHAS OIMAO0K BBINHCIICHNS KOa(h(DALHEHTOB BHE
yIia [JOCTOBEPHOCTH PSi 9ACTO JONONHSIOT C y4YeTOM ero MoBefeHms (CpemHum
3HaUEHHEM, U3BECTHBIM BPEMEHHBIM XOJIOM H T.IL. ). '

Beiisner-nipeobpa3zopanne MoxeT OBITH 3allMCaHO TakKe depe3 oOpasel Pypne
curaana f “(®) u Beimnera Yy (©). Jlerko moxaszarh, 4TO BAMAHHE KOMIOHEHTHI Oyphe
f(0y) mcmsiremator koadhdrmmenter W(a,b), Haxomsmupecs B TOPU3OHTANLHON IIOTOCE
Omin<aAW<Onax (PUC. 5, 6); B cBOIO odepenb, Ha Koaddument W(a,b) B Touke (ag,by)
BIUSIFOT BCe KOMIOHEHTEL Pyphe f*(w) curHana, HIf KOTOPBIX My <dg@0<®y,,. PacTBOp
yria BAASHAS W UIAPWHA TOJIOCHI BIMSHES 3aBUCAT OT Oa3dcHOro BefiBiera. Tak,
MHAT-sefiBner {(cm. puc. 3, 6) XOpOmO JIOKaIH30BaH BO BPEMEHH W WMEET Y3KUIA
SHepreTHyeckuil CIeXTp. OTO yHa4Hoe KadeCTBO O3HAYAET, B YAcTHOCTH, YTO
koathumments! W(a,b) 3aBUCAT OT MaJoOro MHTEpBala OOJACTH YacTOT BeHBIETa, TO
€CThb IIHpHHA MOJIOCH! BIVISTHAS HEBEIHKA. ’ :

Bonpocei, cBa3arHbIE ¢ aNTOPATMAMH, OCTArOTCs 3a paMKamu paborbl. CKaxeM
JMINE, YTO JUCKPETHOE BEUBIET-TpeoOpa3oBaHiie 04YeHb XOPOIUO NPHCIOCOOIEHO M
OBICTPOro ANrOPHATMA, HCIONb3YIOIEr0 MIAPOKO INPUMEHIEMYIO HpOoLEfypy OBICTpPOro
npeoGpasosarmst Pypwe [13]. HenpepoBHoe npeoGpa3oBarme BLINONHSETCS, KAk
TpaBWiIO, NOpsSMBIM wHTErpupoBammem. Camasg mnpocrtas (u ObicTpas) NpOBEpKa
aNTOpHTMA 3aKJIIOYaeTCA B BLIUHCICHAN BEeUBIET-Npeobpa3oBanus qyHkumm [{upaka: B
pe3yipTate Ha KAKAOM MaciiTabe JoJDKeH OBITh IONyHeH aHald3upYIOLIM BelBIET.
[IpoBepuTh NOCTATOUHYIO IUIOTHOCTH AMCKPETH3ALAN 110 MACIITaly MOXKHO, BBIYUCIIUB
BefBeT-pec0pa3oBaHre CcaMor'o aHAIWBHPYIOMEro BeWBNeTa W yOeOWBIINCL B
OTCYTCTBAY KaKHX-IiO0 Napa3sdTHLIX KPAeBhIX AETaTEH.

[ng pampHediiero aHammW3a KO3(@HUMEHTOB HAM UOHANOOsTCA CBOWCTBa
BelBIeT-TIpe0o0pa3oBanus. Bce oHE CIeNyroT U3 U3IOKEHHOrO Y:Ke B IIEpBOM pasfiese
MaTepraa.

1.3.2. Csoicrea BelBaer-npecopa3zoBamusi. Koshdrumenrel sBediBner-
npeofpazoBaHusl cofepXaT KOMOWHHPOBAHHYIO HH(OpMaIMIo 00 aHaIA3HPYIOLUIEM
BelBneTe U aHanmmsupyemoM curnane. HecMoTps Ha 310, BelBAET-aHANN3 IO3BOSLET
TONYIWTh W OOBEKTHBHYIO HH(MOpDMAIMIO 00 AHamd3upyeMOM CHIHale, TaK Kak
HEKOTOpbIE  CBOWCTBa  BeHBleT-IpeoOpa3oBaHus HE  3aBUCST OT  Bbibopa
aHAM3WpYIOMEro BelBieTa. HezaBECHMOCTE OT aHanM3aTOpa ASNaeT ITH IPOCTHIE
CBO#ICTBA IIpeobpa30BaHNs OYEHbL BaXKHBIMHA.

BommiieM  ocHOBHBIE — S7eMEHTapHBIE CBOHCTBAa  BeHBIeT-IpeoOpa30BaHMS
dysxmma £ (). Bynem mcnonbsopats o6osnagerust [W,f](a,b) = W[f] = W(a,b).

10, JIuneitinocme

Wlafi(0)+Bf(D)] = oWlfi]+BWIf2] = oWi(a,b)+BWo(a,b).

OTcrofa, B 9aCTHOCTH, CJeAyeT, YTO BeHBIET-NPeodpa3oBaHrAe BEKTOPHOW (DYHKIMHA
eCTh BEKTOp C KOMIOHEHTAaMH, HpEACTaBJISIOUIIME cOOOH BeiBheT-npeoOpa3oBaHne
KAXION #3 KOMIIOHEHT aHAM3UPYEMOr0 BEKTOPA B OTEIEHOCTH.

20, HHneapuanmmocnib OMHOCUNENAbHO CO8L2A

WIf(t- bo)] = W(a,b- bo).

17
















































































































































































































































































































































