I'nasa 3

YacToTHO-BpEeMEHHON aHAIU3

Kmaccuueckoe npeobpazoanne Dypre (HEMPEPHIBHOS W TUCKPETHOE) SIB-
JISICTCSI BEChMa IMOJIC3HBIM MaTeMaTHUYCCKUM armapaToM I aHalli3a U CHHTE3a
CUTHAJIOB, OJHAKO MHOTJIA OKAa3bIBACTCS HEAOCTATOYHO ((DEKTHBHBIM TIpH 00-
paboTke cioxkHbIX cUrHAJOB. [IpeobpazoBanne Oypre, HanpuMep, HE OTIIMYAST
CUTHAJIBI M3 JABYX CHHYCOHJ C Pa3HBIMH YacTOTaMH, OJWH M3 KOTOPBIX TpPEI-
CTaB/AeT cO0OM CyMMy CHHYCOW[, BTOPOM — MOCJIEIOBATENBHO CIIEAYIOLINE
JPYT 3a APYroM CHHYCOHJIbI. B 000X ciydasx ux crekTp OyAeT BBINISIACTh Kak
JIBA TIMKA Ha JBYX (PUKCHPOBAHHBIX yacToTaX. CreaoBarebHo, MpeoOpa3oBaHue
®ypbe B CBOEM TPAJWIIMOHHOM BHJE HE MPUCIOCOOIEHO JUId aHaiW3a HecTa-
ITHOHAPHBIX CHTHAJIOB B TOM YHCJIC JIOKAJTH30BAaHHBIX HA HEKOTOPOM BPEMEHHOM
WHTEpBaAje, TaK Kak TepsaeTcsl WHQPOpPMAIUs O BPEMCHHBIX XapaKTePHUCTHKAX
CUTHAaJIA.

CrnenoBatenbHO, CIIEKTPAIbHBIA aHAM3 PEATbHBIX CUTHAIOB HEOOXOIUMO
OCYIIECTBIISITh KaK IO YacTOTe, Tak M BO BpeMeHH. [IpenmyIecTBa Takoro aHa-
Jau3a O4YeBWAHBI. Ha mpakTHke balie BCEro MPHUXOIUTCS MMETh JIEJ0 ¢ HeCTa-
ITHOHAPHBIMHU TPOIECCaMU, B KOTOPBIX WH(OPMATHUBHBIM SBJISCTCS caM (hakT
W3MCHEHHS YaCTOTHO-BPEMEHHBIX XapaKTEPUCTHK CUTHajia. [IpuMepamMu Takux

CUTHAJIOB ABJIAKOTCA CIIYTHHKOBBIC H306pa)KeHI/I${ 3GMHI/I, PCHITCHOIpaMMBI
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BHYTPEHHHX OPTraHOB, PeUb M MY3bIKa, TYPOYJICHTHBIC TOJISI PA3TUYHOM TPHPO-
JbI ¥ T.1., T.€. (DAKTHIECKH — BECh 00beM HH(MOPMAITUH, ¢ KOTOPHIM IPHUXOIUTCS
MMETh JICJIO B TTOBCEIHECBHOM >KM3HHU. /{711 BBITTOJIHEHHUS TAKOTO aHajau3a Tpedy-
10TCsl Oa3ucHBIC (PYHKIMH, 00JaJar0IMKe CIIOCOOHOCTBIO BBISBIISITH B aHAJHM3H-
PYEMOM CHTHAJIC KaK YaCTOTHBIC, TAK M €r0 BPEMCHHBIC XapaKTePHCTHKH. J[py-
TUMHU CJIOBaMH, caMu Oa3HuCHBIC (DYHKIMH JTOJDKHBI 00J1a1aTh ONpeAcIICHHBIMH

CBOMCTBAMH, HA3BAHHBIMU YACHIOMHO - GpeMeHHOﬁ JZOKaJZle’aZ/;ueﬁ.

3.1. YacToTHO-BpeMEeHHbI¢ CBOHCTBA 0A3UCHBIX PYyHKUMIA

3.1.1. IlnockocTh YacTOTA-BpEeMSI

Jlnsa aHanmM3a W CPaBHEHHUS YACTOTHO-BPEMEHHBIX JIOKAJIM3AMOHHBIX
CBOMCTB Pa3jWyHbIX 0a3WMCOB HCMOJIB3YIOT IIOCKOCTh dacToTa-Bpems. Jlrobas

dynxima @(t) MoxeT XapakTepH3o-

L
""" BaTbCs UHTEPBAIOM |, HA BpeMEHHOMU
E I&J
K
Py T 1 T ¢ ocu m maTepBanom |, B Oypee 00-
P . >
jactv, B koTopbix coaepxutcs 90%
& €€ PHEPIruM, COCPEAOTOUCHHON OKOJIO
vl
H Tsokectn  (B. HKIIAN
Puc. 3.1. lieHTpa e (B.3)  dynxu

Xapaxkmepucmurka 4acmomHno-epemMenHo

2 2 .
Joxanuzayuy QyHxyuu (p(t) |¢(t)| n |¢(w)| . Toraa B »TOM TIOC-

xocti pyskmmo ¢(t) MoxkHO H306pa-

3UTh B BHJIE MMPAMOYTOJIbHHKA, KaK MOKa3aHo Ha puc. 3.1.
OueBHIHO, UTO cMeIeHUE (DYHKIIMKM HA 7 OT MCXOJHOT'O COCTOSIHHS BBI3O-

BET MNEPEMEIICHUE MPSAMOYTOJbHUKA MapauiebHO ocu t. Mopaynsaums 3Tou
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(byHKITMH KOMITJIEKCHONW SKCTIOHEHTOMN

A e;’%r ¥ .
l—w('/ 4 e!®' cnpuraer MPAMOYTOJIbHUK Ma-
! payiesibHo ocu @ (puc. 3.2.).
@y at pft-7) v - b (
acmrabupoBanue (QyHKIUU (€€
ol |, T | - C)KaTUE WJTH PACTSHKCHUE) MPUBOJIUT K
Pa3BOPOTY NPAMOYTOJIbHUKA. JlehcT-
Puc. 3.2.
Brusanue cmewenust Ha T u Mooyaayuu gl BUTEIBHO, TIONYYHM HOBYIO (yHKLMIO
ymayun @(t) na ee noroscenue (pl(t) MacmTabupoBaHueM  (yHKIUH

HA NI0CKoCmu epeMA-dvacmonia
¢(t) Ha KorpdumHenT a:

oi(t)=gplat),

DHeprus Takoi (QyHKITHH

¥ ¥ 1
E, = j\(pl(t)\zdt: ﬂ(p(at)\zdt=gE¢.

CrnenoBaresnbHO, HIMPUHA
0 & @ﬁ) ‘ 1
; B dynxrmm ¢ (t) pasna |, :(_jlt'
@ a

L B cooTtBercTBAM CO CBOMCTBOM MacIITa-

| @t
e P ! oupoBanus  Dypre-npeodpazoBa-HKs
aIm I !
P .‘% ]

Fp — — =+ = — —

 J

(2295 1,=al,. Bmuaaue macuira-

OVpoBaHMS HA TOJIOKEHUE (DYHKITAH
Puc. 3.3.

Honoocenue dyniyuu o(t) na maockocmu B IJIOCKOCTH BPEMA-4acTOTa MOKa3a-

epeMA-dacmomada npu Macmma6up06aﬂuu HA HO HA pI/IC. 33

xoapduyuenm a<1: @, (t)=p(at)
B xauectBe mpumepoB ¢yHK-

U, WLTIOCTPUPYIOMUX (H(PEKTUBHOCTh X MPEACTABICHUS B TUIOCKOCTH Bpe-
Ms-4acToTa, paccMoTpuM O -pyrknuio Jlupaka u dypbe-6azuc. M3BecTHO, UTO
O -(pyHKIUS SIBISIETCA UACAIBHBIM 0a3UCOM ISl BDEMEHHOTO aHAIM3a CUTHAJIOB.

Pe?)y.HBTaTOM TAKOT'O dHalIn3a  ABJIAIOTCA  OTCUCTHI, KOTOPEIC MOIXKHO
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paccMmarprBaTh KaKk BpDEMEHHOM CHEKTP cUrHaia. Ha miockocTd BpeMs-4acToTa

O -pyHKIWMS O (t — kTO) BBITJIAIAT KaK TIOKa3aHO HA puc. 3.4a, T.e. 3Ta PyHKIHA

ar
& 4
L
{ ko,
.3 = - L r‘__
kt,
Puc. 3.4a. Puc. 3.46.
0 -pynkyus [Jupaxa na niockocmu épems- bazucnvie pynxyuu elkedt Dypve-ananuza Ha
wacmoma NIOCKOCIU 6PeMA-4acmoma

00J1aaeT CBOMCTBOM XOPOIIeH BpEeMEHHOM JIOKAJIW3aIliK, HO TUIOXOH JIOKaIu3a-

1Uel B CHEKTPaIbHON oOnacTH (OHAa MMEET PaBHOMEPHBIM CIIEKTP Ha BCEX Yac-

totax). basucusie dynkuun e'” Oypoe-ananmsa, Ha0GOPOT, 0GIATAOT XOPO-
el YacTOTHOM JOKalMu3alMed B TO BpeMs, KaKk BO BPEMEHHOH 00JacTH OHHU

UMEIOT OECKOHEYHYIO IPOTSHKEHHOCTH (CM. puc. 3.40).

3.1.2. OrpanuueHHoe Bo BpeMeHu Pypne-npeodpa3oBaHue

JlokaneHOCTh TpeoOpazoBaHua Dypbe AOCTUTAeTCS MyTEM OTPAHUUCHHS
AHAJTM3UPYEMOIO CUTHAJIA C MOMOIIBIO ABUXKYIIETrOCsa OKHA. Pe3ynbTaToM Tako-
ro aHanmza OyneT PyHKIHs ABYX MEPEMEHHBIX — MOJIOKECHUS OKHA 7 W YaCTOTHI

.

Flow,1)= O]W(t—f)f(t)e_j”tdt. (3.1.1)

—00
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Wuaye roBops, CrieKTpajIbHBIA aHAIA3 B OKHE JAHHBIX MPOU3BOJUTCS BBI-
YUCJICHUEM CKaJISIPHOTO MPOW3BEICHNS CUTHAIA W 0a3UCHOU (PyHKIHH
9. (@,t)=w(t-7)el",
T.C.
Flo.7)=(g, (@), (1)
He ocranaBnuBasich 37€Ch Ha BbIOOPE OKOH W(t) TSt ipoBenieHus dpdek-

TUBHOTO OKOHHOTO Dyphe-aHain3a, OTMETUM, YTO TaKUM 00pPa30M B CIIEKTPaJib-
HBIJ aHAJIN3, KPOME YaCTOThI, BBOAUTCSA €I1I€ OJUH MAPAMETP — BPEMS.

Kak Oyner BUAHO U3 AaJIbHEHIIETO, A1 JOCTHKEHHS XOPOIIeH BpEeMEHHOMN

o
AN
AN
ko,
W
. !
T ]
a) 0)
Puc. 3.5.

Oepanuuennoe 6o spemenu npeodpazosanue Pypve HA NIOCKOCMIU 8pe-
MA-4ACMOMA.
a) npumep dasucuvix QyHKYUl NPeodpA306aAns

g, (a), t) = ejkwotw(t - 2'0) npu cosuee T,
u k=1,2,3 (sewgecmeennas uacme);

0) uzobpadicenue pynxyuii 6 NIOCKOCMU epemsi-uacmoma (3aumpuxo-
BANHBIE NPSMOY2OIbHUKIL)

Jokanu3aiuu npeodopazoanus (3.1.1) B kauecTBe OKHA HEOOXOAMMO BHIOMPATH
¢dynakmuto ['aycca. Takoe ®Oypre-ipeobpa3zoBaHre HOCUT Ha3BaHUE MPeodpaso-

Banus ["abopa.
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OrpaHuueHHOE BO BpeMeHHM npeodpazoBanre Oypbe HA TIOCKOCTH BPEMS-
4yacToTa MOKazaHo Ha puc. 3.5.

Kak BUIHO M3 3TOr0 PUCYHKA, MPHU CABUI€ OKHA WM M3MEHEHHM YaCTOTHI
MOJYJIAINAN UPUHA TPSAMOYTOJIbHUKA COXPAHIETCS HEM3MEHHOM. ITO BBI3BAHO
TeM OOCTOATENBCTBOM, UTO MPH BCEX ATUX OMEPAIUAX IITHPHHA CaMOr'0 OKHA HE

HU3MCHACTCA.

3.1.3. [Ipuniun HeonpeaeIeHHOCTH

Kak cnenyer u3 cBoiictBa MacmrtabupoBanus Dypbe-npeoOpa3oBaHus
(2.2.5), mmpuHa Oa3ucHON (YHKIIMM BO BPEMEHHOW M YacCTOTHOM 00JIacTsAX
B3aMMOCBSI3aHbI. paciuperne (PyHKIIMN BO BPEMEHHOH 00JIaCTH BEACT K €€ Cy-
JKEHMIO B YaCTOTHOM U HA00OPOT.

3aKOHOMEPHOCTD, CBA3BIBAIONIASA JIBE 3T BEIIMUUHBI, HA3BIBACTCS NPUHYU-
nom HeonpeoeneHHocmu. B KadecTBe Mephl KOHIICHTPAIIMH YHEPTUU OO0
(yHKITMK TIO BPEMEHHU W 10 YacTOTE MPUHUMAIOT MPOM3BEICHUE BTOPHIX ICH-
TpanbHEIX MOMeHTOB (ynkimii ¢(t) u ee cnexrpa @(w). ITpeanonoxkum, uTo
¢(t) u @(w) yxe uentpuposanubie GyHKIHH (€CIH 3TO HE TaK, TO IyTEM CMe-
meHus 1 Moyanuy ¢(t) MX MOJKHO OTHEHTPHPOBATS).

Torna mmpuHbl GYHKIMN MOKHO OTIPEACITATH KaK

[}

ut = [tolt) e,
= (3.1.2)
u2 = .a)z\cb(a))\zda).
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[IpuHITUTT HEOMPEACTEHHOCTH YTBEPKAAET, UTO, €CIIH (p(t) yOBIBaeT OBICT-

1
pee, ueM — npu t — too, TO

Jt

w27, (3.1.3a)

rac paBCHCTBO CIIPABCAJIMBO TOJIBKO, CCJIN
o(t)=.|%e (3.1.36)

T

T.€. siBasieTcsa pynkmmeit ["aycca.

JUIA 1OKa3arenbeTBa MPEANOIOKUM, YTO H(p(t)” =1, u paccMOoTpUM HHTE-

rpajg OT TPOU3BEIACHUA t(p(t)(p'(t). Hcnonb3ys HepasencTBo Kowmm-IIIBapia

(1.258), monmyunm

(p'(t)\zdt (3.1.4)

jt(p(t)(p’(t)dt < ﬂt(p(t)z‘dt J

R R
[lepBeIil MHTETPANT CcnipaBa B TMOCJICAHEM BBIPAXKECHUU PABEH, OYEBUIHO,
,utz. JIJisi BBIUMCIICHWS BTOPOTO HMHTErpajia BCIIOMHKM, UYTO MPEoOpa3oBaHUE
Oypbe MPOU3BOIHON PABHO ja)@(a)) .Torma, B coorBercTBUM ¢ (hopmyroii [1ap-

ceBats (2.2.14), numeem

[

2 1 2
R(p(t)‘ dtzgiwz‘qb(w)‘ dw = 2.

Huterpan cnesa B BeipakeHnH (3.1.4) BBIUHCIACTCS MyTEM HHTETPHUPOBA-

HHA 110 4aCTAM

F{tq;(t)co'(t)dt - F{t(«ﬂ(t)); dt=21p?) y(t)dt.

[Ipu cobmoaeHWM yCIIOBWM 3aTyXaHUWs, HaJIaraeMbIX Ha (DYyHKITHIO (p(t),

MEPBOE CJIAaraéMoe PaBHO HYJIIO U CaM MHTErpajl, TaKUM 00pa3oM, paBEH — >
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1 1
Torga u3 (3.1.4) umeem 2 SE ﬂtzﬂf,, YTO IMOCae npeoOpa3oBaHUsA JACT

(3.1.3a).

HetpyHo BuzieTs, uto pasercTso B (3.1.4) Bosmoxwro pu ¢'(t) = atel(t).

2
Orcrona cnenyer, uto ¢(t)=ce /2 Cnenosarensho, (3.1.36) crpasemin-

la
BOTpU C=./— U a=—2.
/4

3.2. bazucHbie PYHKIIMH YaCTOTHO-BPEMEHHOI0 aHAJIHU3A

Hrtak, 4acTOTHO-BPEMEHHON aHAJIU3 MPEIHA3HAYEH JJiA BBISABJICHHUS JIO-
KQJIbHBIX YaCTOTHO-BPEMEHHbBIX BO3MYIIEHUN cUrHajia. BeieacTBue KpaTKoBpe-
MEHHOCTH TaKUX BO3MYIICHHWM, CaM CUTHAJ MOXET PacCMaTpuUBaThCsA Kak 3a-
JaHHbIA B L,, T.€. Ul OMHOMEPHBIX CUTHAJIOB — HA BCEH ACHCTBUTENBHON OCH
R(~eo,0) ¢ HOpMOIH

It OF <=

CnenosarenbHo, 6a3ucHbie (DYHKITHH, KOTOPBIC MOIYUYWIH HAa3BAHUE BEHB-
JIETOB, TaKXKe NOJKHBI IPUHAIIekaTh L, u ObIcTpo yObIBaTh IIpU ‘t‘ — oo, To-
r/a, 9TOOBl TEPEKPHITh TAKUMHU Oa3MCHBIMH (DYHKIIMSAMH BCE BO3MOKHBIC BpeE-
MCHHBIC TIOJIOXKEHHS CHTHAjIa, HeOOXOauMO, 4TO0bl Oa3ucHbIC (DYHKIHH IPEI-
CTaBJIsIM coO0M HA0Op CMEIICHHBIX BO BpeMeHH (pyHKIMi. Y moOHee Bcero, ec-
JU ATOT HAOop oOpazyercs W3 OJHON W TOW K€ "'MaTepUHCKOH (YHKITHH l,u(t)
(npotoTHma), caBMHYTOH 10 ocH t, T.e. {w(t—b)}. Uro6sr obecneunts uactor-
HBIM aHamm3, 0a3ucHas (PyHKIMs JAOHKHA WMETh €Ie¢ OJWH apTyMEHT — Mac-
mTabHbIH KOA(DPUITMEHT, KOTOPBIA SBISIETCS aHAJIOTOM 4YacTOThl B Dyphe-

anaymze. Toraa 6a3ucHbie (PYHKIMH I YaCTOTHO-BPEMEHHOTO aHajn3a OymayT
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HUMCETH BU

y/(i_gjzw[ﬂj’ a’be R’
a a a

rjae MacmTaOHBIH KOd(PUIMEHT a BBEAEH Kak JACIUTeah t, mpudeMm
MacIITaOMPOBAHUIO TOABEPraeTcs TakiKe M cABUT D. DTO MO3BONSET COXPAaHUTh

OTHOCHUTENIbHYIO "TUIOTHOCTH' PaCoIOKEeHHs 0a3uCHBIX (DYHKITHH 110 ocH t TipH
. b
PaCIIMPEHUH WITHA CKaTHH camoi pyHkimu u pu — = A= const (Puc. 3.6).
a

Takum obOpazom, Oa-

3UCHBbIE (PyHKIMH I

YaCTOTHO-BPCMCHHOTI'O

aHajM3a JOJDKHBI  00Jia-

‘—«/\}UL‘ JaTh CJIEAYIOIIUMH CBOi-
a

CTBaMH.
1
> OepanuyenHocme,
a) T.. IPUHAIEKHOCTH L,
Puc. 3.6. 2
Beiienem-npeotpazosanue na niockocmu 8pemsi-4acmomca
a) npumep dasucuvix QyHKYUil elisiem npu Pa3iuiuHbIX J‘ 4 (t )‘ dt <co.
macumaoax.(a— 2K k=0,1, 2); —oo

0) uzobpadicenue hyHxyuil 6 NIOCKOCMU 8PeMs-4aCmoma Jlokamuzayus Ba-

3UCHBIE (YHKIIMA BEHB-
JeT-aHaJin3a, B OTIMYHE OT mpeoOpazoBanus Dypbe, MOKHBI OBITh JIOKAIA30-
BaHbI, T.C. ONPECIICHBl HA KOHCUYHOM WHTEPBAJE KaK BO BPEMEHHOM, TaKk W B

4acTOTHOM o0nacTax. JlJis 3TOro 10CTaTOYHO, YTOOBI BBHITIOIHSINCH YCJIOBHS:

) <C- @+t ™
u (3.2.1)

¥ (@) < C-(L+]a])

mpu £>0.
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Hyneeoe cpeonee. PaBeHCTBO HYJIIO HYJIEBOI'O MOMEHTA
j w(t)dt=0 (3.2.2)
WJIM, YTO MHOT' 1A HEOOXOAMMO — PABEHCTBO HYJIFO MOMEHTA M-ro nopsAaka

jtmy/(t)dt - 0.

OTO — BEUBJETHl M-TO MOPsAJIKA, MO3BOJIAIOIINE AaHATM3UPOBATH 00JIEE TOH-
KYIO CTPYKTYpPY CUTHaJia, MOJABJISISI MEJJICHHO M3MEHAIOIIMECA €r0 COCTaBJIAI0-

muc.

3.3. HenpepbiBHOE BeiiBJieT - npeodpa3zoBaHue

Brenem 0azuc, oTBEUArOIMA MEPEUUCACHHBIM BbIIIE YCIOBUIM

Wap(t)= iw(ﬂj, (3.3.1)

g\ a

1
rac MHOKHUTCIIb —— HGO6XOI[I/IM AJI1 COXPAaHCHHUA HOPMBI

el
|vas®] =¥ )]

IIycte @,be R, T.e. IpHHUMAIOT MPOU3BOJIbHBIE BEIIECTBCHHBIC 3HAUCHUS,

TOr/1a mapa npeodpa3oBaHuii, KOTOPOE HOCHT HA3BaHWE HEMPEPHIBHOTO BEHBIIET
- npeoOpa3zoBanus, odo3Havyaemoe kak CWT — continuous wavelet transform,

OyJleT UMETh BU/I;

CWT (a,b)= [ F(O)pap 1)) == o] f (t)w(_jdt | (3.3.23)
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(0= | ? [cwr, (a,b)w{%)db, (3.3.26)

r/1e HOPMATH3YIOMHH KO PHUImeHT

j 4da)< 0. (3.3.3)

Huterpuposanuem (3.3.3) 1Mo "acTsM MOKHO YOSAUTHCSA B TOM, UTO 3TO YC-

nosue Beeraa seimonnsercs, e ¥ (w)=0 npu @ =0 u, cIenoBaTeIbHO, pa-
BCH HYJIIO TI0 KpalHel Mepe, HyJIeBOW MOMEHT (DYHKITHH y/(t), T.€. BBIIOJIHSAET-

cs ycnosue (3.2.2).
CpaBuuBas dopmysbl (3.3.2) ¢ COOTBETCTBYIOIIUMH BBIPAKCHHUAMHU TS

HETpephIBHOrO npeodpazoBanus Dypee (2.2.1), BuauM, 4TO PONib (DYHKIIHH

ot
e/ 3/1eCh UTrpaeT (PyHKIUS '//a,b(t)’ a Cy ananoruuen koddduuueHty 27,

MPUYEM POJIb YACTOThl UTPAECT MACIITAOHBIN MHOXKUTENL — . OJIHAKO, TAKXKE KaK
a

B OTPaHUYEHHOM BO BpeMeHH npeobOpasoBanuu Dypee, OasucHas QyHKIMs 3a-
BHCHT €Il¢ OT IapaMerpa casura b.

Jlns ynpolmeHus: T0Ka3aTenbeTBa crpaBeumnBocTh (3.3.2), mpeanoaoxumM,
aro y(t)e Ly, f(t)e LyNL,, a Tawke F(w)el,. Torma, yumrhiBas, uTO
?’a,b(a))=\/a-e_jbw¥’ (aw), B cootsercTBHH ¢ (opmynoit [Tapcesans (2.2.13)

MBI mostyunm u3 (3.3.2a)

OWT, (@.b)= [1 (0t -
) e (3.3.4)
:% J‘Sl’;b( (a))da)—\/_ J?’ ao)F (w)e'dow.

Janee paccmorpum B (3.3.20) oTaeaIbHO MHTErpajl 1o mepeMeHHoi b, ko-
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TOphIit OyaeT ¢yHkuei a, 1.e. | (a):

a)= oW, (2,00

—00

", nojacrasisa croaa (3.3.4), monyuum

@)-3 7[°]s”*<aw>F<w>eibwdw]wa,b<t>db=

Torna
‘a‘ ﬂ aa) w)e!*dw.

[TpounTerprpyem mociiegaee Beipakenue o a (cm. (3.3.20)):

j L7 rlopers ‘”‘aaﬂz o da

—00 —OO

bnarogapst orpaHHYeHHSM, HAJIOKECHHBIM Ha f(t) " gy(t), MBI MOJKEM H3-

MEHUTH MOPAAOK uHTErprpoBanus O603HauuB a’ = aw , MOayUYUM

Jreele. jrel,

T.e. Cy HE 3aBUCHUT OT @ .
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Torna

y da_ 1 y jot _
i | (a)g—z_;[ F(w)el®t-C,do=C, f(t)

Otcioga BeITeKaeT crnpaBeaauBocTh (3.3.20) U HEOOXOAMMOCTh OrpaHHYE-
aus (3.3.3).

[IpuBenem mnpumepsl MaTEPUHCKHX BEHBIETOB, (opMupyronmx O6a3uc
(3.3.1). HauGosnpiedi monysIsipHOCTBIO 3/1€Ch, MOXAIyH, TOIB3YIOTCS (QYHKITHH

Ha OCHOBE MPOM3BOHBIX (yHKIMH | aycca:
md" t?
W (t)=(-1) —exp{— —} . (3.3.5)

OTO BBI3BAHO TE€M OOCTOATENHCTBOM, UTO, KaK y)ke OBLIO JOKa3aHO BHIIIE,
dbyskmmsa ["aycca uMeeT HamIydIlIMe MOKA3aTEIN JIOKAIU3aui KaK BO BPEMCH-
HOM, TaK U B YaCTOTHOH 00J1aCTAX.

[Tpr m=1 monyuaem BeiiBnet (puc. 3.7, a), koropsiii HazpiBaroT WAVE —
BEHBJICT C PaBHBIM HYJIIO HYJECBBIM MOMEHTOM. [Ipm M= 2 moiyuaem BeHBET
(puc. 3.7, 6), HassiBaeMbIi “Mekcukanckas moisina” — MHAT — BelBreT:

1 t?
WM=5%¢1@—F)6?, (3.3.6)

y HEro HyJICBOU M MEPBBI MOMEHTHI paBHbI HYJH0. CriekTp Dypbe 3TOr0 BEHB-
jeTa YoKe, MOITOMY OH MMEET JIydlliee pa3peiicHue.

Oyukmums ['aycca obpasyer Taxke DOG-BetiBner — pazHocts AByX [ ayccnaH:

wt)= exp{— %} - 05exp{— %}

[Iupokoe pacnpocTtpanenue monyuusn  BeiiBmer Mopne  (Morlet)

(puc. 3.7, ),

2
w(t)=exp{] a)ot}exp{— %} (3.3.7)
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rae Wo — AOMHMHAHTHAasA 4aCTOTa, MO3BOJIAIOLIAA BAapbHUPOBATH I/136I/IpaTeJ'II>HO-

CThIO 0a3uca. JTOT BEUBJIET OTJAMYAET OT APYrHUX, MPEKIAE BCErO, TO UTO OH SIB-
JISIETCSA KOMIUTCKCHOW (DYHKIIMEH, Y KOTOPOH BEIICCTBEHHBIC 1 MHUMBIC YaCTH —

MOJYJIMPOBAHHBIE TAyCCUAHOW rapMOHUKH.
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ii‘:f@ L]

Wi(2)

\/7 a) T@n

V }5) Py | }

L 4

mﬂ' I{mﬂi’

&)

Puc. 3.7.

Ipumepur 6azucnvix yuxyuii eeiignem.
a)WAVE-seiierem,
0)MHAT-geiicnem (mexcurkanckas uiisana),
8)eeiignem Mopne
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3.4. CBoiicTBa HenpepbIBHOTO BeliBiieT-npeodpa3oBaHus

Jluneiinocmo. JIMHEHHOCTh HEMPEPHIBHOTO BEHBIET-TPEOOpa3OBaHUsA Clie-
JyeT U3 JTMHEHHOCTH CKaJaspHOro mpousseaeHus (3.3.2a).
Tycts ¢yrxman f(t)m g(t)e L,. Torna,
CWT; 4(a,b)=CWT; (a,b)+CWT,(a,b). ° (3.4.1)

Cosue. PaccMOTpHM HETPEPHIBHOEC MPeoOpa3oBaHue BEUBIET-(QYHKITHH

f,(t)= f(t-b’). Torma

S BAL

/\ bﬁ /\ f

Puc.3.8.
Hnnrocmpayus ceolicmea cosuea HenpepviSHO20 6eliéem-npeodpaso6aHisL.
cogue Qhynkyuu 60 6peMeHHOl 00aacmu 6edem K cogu2y ee eeiigiem-oopasa

CWT, (a,b)=—— jft ) [t b]dt
(34.2)

-1 j f (tl)w(wjdt’ - CWT, (a,b-b),
\/@_m a

T.e. BEMBIIET - 00pa3 (PyHKUHUH TaKxke casuraercs Ha b’. D1o mmoctpupyercs
Ha puc. 3.8.

Macwmabuposanue. PaccMoTpuM, fajiee, HEMPEPHIBHOE MPeoOpa3oBaHKe
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1
f(t/c), rme MHOXHTENF —— BBENEH IUIA COXpa-

Je

BeitBeT-pynkumn f; (t) =

Je
HCHHA SHCPIHH.

Hmeewm:
CWT, (ab)=—+_ J"’(ﬂj ¢ (ljdt _
1 Viael \a e

c ct;—b ab
= |= t,)dt, = CWT, | = =
@M 2t - owr,(2.2),

T.€. BEUBIET-TIPeoOpaz3o-

S

BAHHC TAKIKC IIOABCPracT-

St csl MacIITabHOMY Tpeod-

pa3oBaHMIO. JTO O3HAua-

p o

€T, 4YTo, ecnu (PyHKIMSA
CWI:(@b) pacumpsercs BO BpeMeH-

CWi(ab) HOW oOmactw, TO B Mac-
mTabHO-BpeMEHHOW (Jac-

a TOTHO-BPEMEHHOM) TIIOC-

Puc. 3.9. koctd [a,b] oma Tarke
Hnmocmpayus c60iicmea Macuumaouposanusi npu ¢ = 2
(Ilpeodpazosanue eeiicrem-ghynxyuu f,(t) CWT (a,b) pactmpsieres (puc. 3.9).

"nepexpuisarom” CWT (a,b)) Ananoe  meopemvi
llapcesana. Jnsa kax-

noit ¢pyuxrmu f(t)e L, u ee HempepsIBHOrO IpeoOpasoBaHHs BEiBIET Crpa-

BSAJIUBO CICAYIOIIEEC COOTHOIICHUE .

j £ ()t = Ci j j oW (ab Zdadb (3.4.3)

2

—00 —O0

Jlns qokazaTenbCTBa 3T (OPMYIIBl PACCMOTPUM HMHTETpall

134



| = J ”CWI'f 2da(21Ib

B cootsercTBum ¢ (3.3.4) MOXKEM 3amucaTh:

} o ant .

a

—00 —O0

TT*(aw)F(wkjb”dw

2
da
db |— .

Toraa, aBaxkasl BOCHOIB30BaBIIKCH Teopemoi Ilapcesans (2.2.14), mony-

zdb} T'a‘ 1[] \db] o -

O6o3Haunm P(w)=¥"(aw)F (@).

YUM.

=114 T

—0Q0

T 1T 2 da
:i[ZﬂP(w)‘ dw]@

C ydetom BBeJeHHOT0 0603HaueHns 1 P(w)

—00

[}

|=j[ ﬂyf (@) |F(o \d]f;’“
ﬂ odo JY’aw

Bropoii narerpan pasex C,,. CHoBa npumensist Teopemy Ilapcesans, ¢ yue-

TOM 0003HaueHUs st | monmyunm okordaTesbHo s (3.4.3):

& iow, oo

—00 —O0
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yT0 nokasbiBaet (3.4.3).
Ceoiicmea noxanenHocmu. Jlokaababie cBoiictBa 6asuca (3.3.1) Bo BpemeH-
HOM M YaCTOTHOM 00JIACTAX XapaKTEPU3YIOTCS KOHIICHTpAlUMel SHEPruM Oa3uc-

HOU (pyHKIIMK W/, b(t) BO BPEMEHHOMN U 4acTOTHOU oOnactsax. [loaToMmy konnue-

CTBEHHO 3TO CBOWCTBO MOKHO OMPEIECIUTh BEJIMUMHOW BTOPBIX LICHTPAIbHBIX
. 2 2 .

MOMEHTOB (DyHKITAH ‘y/ab(t)‘ u ‘y/(a))‘ , KBaJIpaTHBI KOPEHb U3 KOTOPHIX Xa-

pakTepu3yeT 001acTb HanOOJBINEH KOHIIEHTPAIIMHA SHEPTHH STUX (PYHKITHIA.

O06o3naunm yepes ty u Atz, COOTBETCTBEHHO, BEJIUUYMHBI MEPBOTO U BTOPO-

TO YeHMPAIbHBLIX MOMEHTOB (DYHKITHH ‘y/(t)‘z ,T.€.

i)t
" J

[}

#= ) f-toPpyar |
™| =

2
Torna mepseiii MOMEHT (LIEHTP TSHKECTH, CpeIHES 3HAUCHHUE (DYHKIIHH) ‘l//a,b(t)‘

2
f = 12jt (t b) it
aly|”~ 1"\ 2

[Tocne 3ameHbl MepeMeHHOM Ha t; = —— u npeoOpa30BaHUMN, MOTYUYHM
a

OyJeT paBeH

f=—— W ) ct ‘ j\wtl\dtl_mat (34.4)

Ortcrofa cneayer, 4To LEHTP TAKECTH Oa3UCHOM PpyHKIMK l//a,b(t) WU3MEHAETCSA C

MacmTaboM a. deM mupe OasucHas GyHkiusa (Oonbiie a), TeM OoJblle pac-

CTOSTHHE MEXK]Ty TICHTPaMU 0a3MCHBIX (DYHKITHIA.
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. . 2
OnpenenuM BTOPOW TIEHTPAILHBIN MOMEHT (DYHKIIHH ‘V/a,b(t)‘ . Nmeem

(B.4):
oo 2
2 _ 10 e poat PP =
$=ppla i) o
1 | F(t=b VI (t-b)
RENAY = IV
w0 vl
O6o3HaunMm t; = %Z

[}

= a—2 (t—to)° ‘V/(tl)‘zdtl =a’4.
g
L .

Torma mmpuHa (MHOTIA TOBOPAT — paauyc) (QYHKIAA ‘//a,b(t) BO BPEMEH-

£

HOI o0siacT OyAET paBeH
CrenoBarenbHO, (PyHKITHS '//a,b(t) 3aHMMaeET "OKHO" BO BPEMEHHOM obac-

TH!
Win, = |b+at, —as,, b+aty +as,| . (3.4.6)

3710 “0oKHO” mmpHHON 284, OyaeT pacmoioxkeHo okojo Touku t, = b+ aty. Ilo-
Clle[IHEE O3HAYAeT, C OJHON CTOPOHBI, YTO 3HAUYECHUE aHATIU3UPYEeMOH pyHKIMK
f(t), B3ATO€ B HEKOTOPOM Touke t,, BAMsEeT Ha 3HaueHue Kod(ulMeHTa
CWT; (a,b) ¢ poctom maciuraba Bo Bce GOJIbleM BPEMEHHOM IHMANA30HE, 00-
pasys B miockoctr (a,b) Tak maseBaemsiii yron Bimsams (puc. 3.10, a). C apy-
roif cTopoHs!, BenuunHa Ko3hduimenta CWT; (a,b) B Touke (ag,by) Oymer
onpeznenaThes 3HaueHusaMu Gynkmun f(t) B okpectHOCTH TOUKH by, ompene-

asieMoit TeM ke yriiom Biavsiaus (3.10, 6).

N3 puc. 3.10, B 4acTHOCTH, CIAEAyeT BAXXKHBIM BBIBOJ O TOM, YTO
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menkomacuimadueie sapuayuu GyHKITAA f(t) OyayT NPOSABISTHCSA B BEUBJICT-

00JIacTH TPHU MaJbIX 3HAUCHHUSIX MaciiTada a, B TO BpeMs Kak MpU OOJbIINX

3HAYEHUSIX MacinTaba OHHU OYyIyT CrilakMBaTbCs, HO MPH 3TOM OyIayT MpPoO-

ABIATECA KPyIMHOMAcIITaOHbIe u3MeHernns dyukrmu T (t).

0 1 1b 0

@ a)

Puc. 3.10.
Yeon enusnusn na eenuvunst kosgppuyuenmos CWT ¢ (a, b) ¢ pocmom macumaoa - Q)

u na senuuuny koopduyuenma CWT ¢ (ao ,bo) suavenuil hynxyuu f (t) 6 oKkpecm-

Hocmu moyxu 0y - 6).

OnpenenuM nasee JIOKaJIbHBIE CBOMCTBA BeilBiIeTa w(t) B YaCTOTHOH 00-
nactu. O003HAUUM UeEPE3 Wy U Ai) BEJIMYMHBI TIEPBOTO U BTOPOTO LIEHTPAIbHBIX
MOMEHTOB (pyHKITMH ¥ (a)) Kak Obl710 0OTMEUEHO Bbillie, Ojlaroaapsi paBEHCTBY
HYJIIO TIEPBBIX MOMEHTOB BEMBJIIETA g//(t), dbynakiua ¥ (a)) OITUCHIBAET I10JIOCO-
BOW (DWIIBTP C LIEHTPaJIbHOW 4YacTOTOW, paBHOW @,. Ecnm BBecTH (yHKIMIO
N(w)=%¥(w-w,), nmerontyro HyneBoe cpelHee 3HaYeHHE W WUPUHY A, TO

BeliBneT-npeoopazoanre B Oypbe-o6mactu anajgornyHo (3.3.4) MOXKHO 3amu-
caTh B BUJE:

CWT; (a,b)=

- 22 [ opljboly *[a{w—%nF(w)dw . 347
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)
Oxounas (yskmus 7| 8 @ ——> | | =n(aw - wy) =¥ (aw) umeer mmpuny
a

Wy jbew .
—_—. HO3TOMy, C TOYHOCTBIO 1O KOHCTAHTHI U (I)aSOBOFO caABUra e , BCUBJICT-
a

npeodpasoanue (3.3.4) maeT JIOKaabHYIO HH(POPMAIUMIO O CIEKTPE aHaAJIM3U-

. ),
pyemotii pyakimn F (a)) B 1oJI0ce + —2 ¢ LEHTPOM B TOUKE —L , T.¢. B OKHE
a a

@y 4, a)0+Aa,

Win A = ,
a a a a

@

< Wy Aa)
[Tpu >TOM OTHONICHWE TIEHTPATHLHOW YACTOTHI —— K IMUPUHE OKHA 2—*,
a

a

I Wy
h paBHOG —, OCTACTCA MOCTOAHHBIM

(2

MpHA JOOBIX 3HAaUeHWSIX a. YacTOTHBIH

@
ap> >y aHaIH3 TIPY TIOCTOAHHOM 3HAYEHHH —— -

(2

HOCUT HAa3BaHHE aHa/M3a C TIOCTOSAHHOU

JOOPOTHOCTHIO M30MPATEIbHOM CHCTEMBI

| — aHamm3 ¢ nocrosHHBIM Q. OtMm

¢
0 ' * BENBJIET-aHAIN3 OTJINYAETCH oT
Puc. 3.11. oObruHOTO0 MDyphe-aHanmuza wim Dypbe-
Dyuxyuu eetieiem-auanusa
WHTEPBAJIE. [Tnomane YaCTOTHO-
24

BPEMEHHOTO OKHA BeiBreT-aHanmu3a Oyner paBHa 2a4 —2 =444, T.e. oHa
a

OyJIeT MOCTOSTHHOM TMpHU BCEX 3HAueHUsIX maciTaba a. [Ipuuem, mpu yBenuue-
HUM MacmTada (CMEIIeHne B HU3KOYACTOTHBIN JMANa3oH aHan3a) OKHO Oynaer
pacImpsAThCs M0 BPEMEHHOM IIKajie B TUIOCKOCTH BpeMms-uacrota (puc. 3.11) m
CY’KaThCs IO YaCTOTHOH 1iKaje. [Ipn ymensiennn Mmacimrada — Ha000poT.
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3.5. JluckpeTHoe BeiiBieT-npeodpazoBanue

[Ipencrasnenne GyHKITUH f(t) yepe3 €€ HENpPEPBIBHOE BEUBIIET-

npeoOpa3oBaHue sBseTcs W30BITOUHBIM. B 3amauax oOpaboTkm mH(popmaImy,
BCTPEUAIOIINXCS HA MPAKTUKE, CUTHAJI, BO-TIEPBBIX, IMEET OTPAHMUCHHYIO TTOJIO-
CYy Y, BO-BTOPBIX, JIOMYCKAIOTCSA T€ WM WHBIC MOTPEITHOCTH B TOMy4aeMbIX pe-
synbrarax. [[oATOMy HMCHOB3YIOT JUCKPETHOE TMPEACTABICHUE HETPECPHIBHBIX
CHTHAJIOB, TIPH KOTOPBIX MapaMeTphl peoOpa3oBaHus, B JaHHOM ciiydae a u b,
MPUOOPETAIOT AUCKPETHBIC 3HAUeHU. BeiiBer-npeoOpa3oBanue, mpu KOTOPOM
3HAUEeHUSA A M D JMCKpeTHBI, HA3BIBAIOT JUCKPETHBIM BelBIET-MpeoOpasoBa-

auem (DWT - Discrete Wavelet Transform).

3.5.1. /Iluckperuzanus macumrada

PaccmoTtpuM cHawana cimydail OUCKpPETHOro Mmacmraba a M IMOJ0XKHM
a=a,=a) (a,>1). D10 paBHOIEHHO Pa3OMEHHMIO YACTOTHOM OCH HA MOA-
Mana3onEl (4acTOTHBIE TONOCH). IIpemmonoxkuM, 4to @, = (ag+1)4, (310

MOKHO CACJIAaTh BCCTAd, YMHOKHB (I)YHKI_[I/IIO Y Ha HGKOTOpBIfI MOAYJIAIHUOH-

HBIHi MHOXKHTEIIb ej“ty/(t) (cMm. (2.2.40))). Torga 4yacTOTHOE OKHO OYJET PaBHO

A A
[a)o_ a)’a)o_ a)]:(a6m+1Aa)’a6m+2Aa))’

an 8m 8m an

a OCHTpPaJIbHAs yacToTa M-TO BCUBJICTA:

% = (aO +1)a6mAa) .

m

bazucom mns DWT sensercs ¢ynkmmsi, momydenHas w3 (3.3.1) mpu
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m
Vs (1) =22y (ag"(t-D). (351)
Ecrn cripasemmibo (3.3.3) m ecmu w/(t) mocraTodno GBICTPO 3aTyXaeT, To
mobasa ¢yHkuusa u3 L, MokeT ObITh MpeAcTaBlieHAa B BUAE JUCKPETHOHM MO

Me Z nocienoBaTeIbHOCTH
T oo
DWT; (mb) = ,Wmp) = 22 j wlag™-blt.  (35.2)

JI1st BOCCTaHOBJICHUS f(t) 10 JUCKpeTHhIM 3HaueHusIM (3.5.2.) Ha Oaszuc

‘/’m,b(t) HAJIAratoTcsl JOMOJHUTEbHBIE OTPAaHUYECHUSA, 2 UMEHHO, 00pa3 Dypbe

BeUBJIETA ‘/’m,b(t) JOJDKEH YAOBJIETBOPATH COOTHOLIEHHUIO
m )2
A< Y lw(afo) <8, (35.3)
meZ

rne korcTantel A n B Taxme, uto 0< A< B < .

VYcnosue (3.5.3.) B TepMUHAX PaAHOTCXHUKH MMEET JOBOJBHO MPO3PAUYHOL
TONKOBAHHUE. J[eHCTBUTENBHO, TAK KAK MPU KAKIOM 3HAYEHMM MacmTaba ay)

BEHBJICT TPEJCTABIIACT COOOM TMOJ0CcOoBOM (WIbTp, TO Hadop (cymma) STHX
¢bubTpoB (010K PHIBTPOB) SABIAETCS HEKOTOPHIM YCTPOWCTBOM C HEPaBHOMEP-
HOW YacTOTHOW XapaKTEPHCTUKOM, ompenenseMoii koHctanTamu A u B (puc.
3.12). Curnaj, HanpuMep 3BYKOBOM, Ha BBIXOJE TAKOTO YCTPOWCTBA MPH CHITb-
HOW HEPABHOMEPHOCTH YACTOTHOM XapPAKTEPUCTHUKHU IMPETEPIECBACT CYLIESCTBEH-
HbIE UCKaKeHUA. [103TOMY U1l €r0 BOCCTAHOBJIEHUS MPUHUMAIOT CIELHUATIBHBIE
MEpBI, B YaCTHOCTH, YCTAaHABJIWBAIOT (PUIIBTP, KOMIICHCHPYIOMIHA HCKAXKCHUS
YaCTOTHOM XapaKTEepPUCTHKHU. B BeiBieT-mpeoOpa3oBaHuy TakuM (DUIIBTPOM SIB-

JAeTCA AyabHbI (WM nBoiicTBeHHbIH) BeiiBner (), Dypre-06pa3 KOTOpOro

UMEET BUJL.
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~

¥ (@) (3.5.4.)

u

)= Zn:‘y’(aga))

W)
]

Puc. 3.12.
Yacmomuas xapaxkmepucmura Hadopa noI0Co8vIx Quismpos,

00pazoeannbIx eeilgremamu ‘[’(ama)
¢ paznvim macuimaoom npu m=0,-1,-2,-3-4

[Tokaxkem, 9TO ¢ TOMOIIBIO Takoro BekBjieTa 1o kodpdummenram DWT
MOJTHOCTHIO BOCCTAHABJIMBACTCSH CUTHAI. JIeHCTBUTENBHO, WCTONB3YSd COOTHO-

menne [lapceBans (2.2.13) u dpopmyay (3.5.4.), nomyuum

. [ownm b>{aor5v7(aom (- b))}db _

meZ _

=Y % J‘DWTf (m, a))f(a{)“a))e”“’dam
meZ —oo

-y % [Floy o) ayo)e'do=
meZ —oo

~ L [F(oRdo= 1),

21

N3 (3.5.4.) u (3.5.3.) MOKHO TTOKa3aTh, YTO

% < n;‘f'(ag“w]z < % .
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3.5.2. luckperuzanusa macmrada u capura. ®peiiMbl

B »stom cJiyda¢ moJIararoT AIUCKPCTHBIMHA BCIHYMHBI A H b, T.C.

a=a, =a) u b=kbyagy'. YacToTHOE OKHO [T aHANTM3A COXPAHAETCS MPEIK-
unm. [[lupuna Bpemennoro okua (3.4.6.) pasua 2aj'A., a cpenHee 3HAYECHHUE
(to +Kby)al' M3MeHseTcs MMCKPETHO MPOMOPUMOHATLHO M-OH CTENeHH ag-

macmraly BeiiBnera. Uem Yike (QyHKIMSA 1/, T.6. MEHBIIE BEJIMYMHA dj , TEM

MeHbIIIe (Ha Ty )K€ BEJIMUWHY) IIar CIBHTA 3TOW (PYHKIIHH.

bazucHpiMu QyHKIIMAME AJIS AUCKPETHOTO BEWBIET-MpeoOpazoBanus Oy-

ayT ¢yHKImH, noaydaembie u3 (3.3.1) npu a = a(i) ub= kboaé)

ik (t)= ao/ z//[ Z’; 0] ao/ 2y{ag't — Kby ). (3.5.5)

Kosdduuments pasnoxxenus modoi GpyHkimuu u3 L, Moryt ObiTh nmomyue-
HBI KaK
DWT; (i,k)=(f(t), V/ik(t» =
3.5.6
jf W ()t = a2 Jf wlag't—byk . (3:50)

Breipaxkenune (3.5.6) sBisercs AWCKPETHBIM BEHBIIET-TIpeoOpa3OBaHUEM
dynxrmm f(t)— DWT .
UtoObl 00paTHOE MpeoOpa3oBaHUE BO BPEMEHHYIO 00J1acTh ObLIO CIIPaBE/I-

JIUBBIM, JOJI2KHO BBIMIOJIHATBHCA CICAYIOINEE YCIOBUEC.

A* <kt <8t (3.5.7)
ik

ma Beex f e Ly(R), e koncrantsl A m B Taxue, uto 0< A< B< oo,
B sToM ciydae dopMyia mis BoccTaHoBeHus Gyrkmun f (t) mo koshdu-
mmentam DWT; (i,K) Gyaer umers Bz
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f(t)= Af > DWT (1 Ky (0)+ R (35.8)
ik

I OIMMOKY BOCCTAHOBJICHUSI R MOKHO OIEHUTH KakK HRH < O(% —1]” f H

2
Paznenus Bce wiensl HepaseHcTBa (3.5.7) Ha Hf” , MOXKHO BHJIETh, UYTO
. 2
KOHCTaHTBI A m B SBISIOTCS rpaHWIIaMH HOPMWPOBAHHOW Ha H f H SHEPTUU —
CKaJIAPHOTO MPOU3BEACHUS <f , l//ik>. Onn (3TM KOHCTaHTHI) Kak Obl "oOpamis-
I0T" HOPMHPOBAHHYIO 3Hepruto koddpduumentos DWT (i : k)_ Otcroma pown3o-

men TepMuH ¢peiim  (frame), koTopbIM Ha3BIBAIOT MHOXKECTBO (PYyHKITHH

{w., ()i ke z), IpuKOTOphIX ycnosue (3.5.7) BpinonHsAETCA.

Ecrm A=B, 10 HRH =0 u MHOXKecTBO {W;, ()} HaswIBAtOT NIOMMBLLM Ppeii-
mom. Ilpr 3TOM BBIpaKeHHE A” f Hz = ZKf ,l//ik>‘2, BeITeKatomiee u3 (3.5.7), sB-
ik

nsieTcs 06o0menreM Teopemsl [lapceBas Ha TUIOTHBIE (PEHMBI.

Jlnsa mnotHeIX petiMoB u3 (3.5.8) moayuaem

f(t)= A_lz DWT ¢ (i, k) i (t).

Ecrm A=B=1, 1o mioTHBI (periM CTAHOBHUTCS OpPHMOCOHANbHBLIM OA3U-
coM.
3ameTuM, 4YTO Nji1 BEUBIETOB, OOPAa30BAHHBIX MATEPUHCKUM BEHUBIIETOM

(3.3.6), xopoiue pe3yabTaThl MPHU BOCCTAHOBICHHH CUTHAJIOB IOJIYYalOTCS MIPH

=2%, =0,5, Tak kak E—1< 107°. Jlns OONBIIUX BEJIMYHH, HAIPHUMED
% A

B ,
ay =2, Oyner K—ls 0,08, T.c. BOCCTAaHOBJICHHE NMPUBOAUT K OONBINIAM HCKa-

KCHUAM.
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3.5.3. [Ipumeps! BeliB/I€TOB 111 TUCKPETHOTO MIPE0OPa30BaHUSA

Kaxk Ob1510 0T™MEUeHO BbITe, (DYHKITUN BEHBIET 001a0af0T CBOMCTBOM Hac-
TOTHO-BPEMEHHOM JIOKAIM3AIliH, T.€. OHU OTPAHUYCHBI KaK B YaCTOTHOW, TaK M
BO BpPeMEHHOH oOjactax. Huxke paccMoTpuM JiBa mMpuUMeEpa: MEPBbIA — CIEKTP
BEUBJICTOB B YAaCTOTHOW 00JaCTU NpPEACTaBIsAET COOOW WIEabHbBIN MOJIOCOBOM
¢uabTp, BTOpPOH — caMu (PyHKIIMH BEHBJIET MPEACTABIIAIOT COOOH MPAMOYTOJIb-
HUKH. Bece BEHBIETHI, C TOUKH 3pEHUS YaCTOTHO-BPEMEHHBIX CBOMCTB, 3aHUMAIOT
MIPOMEKYTOUHOE TTOJIOKEHUE MEXITY STUMH KPAWHUMH CITyJasiMH.

Sinc-6a3uc. Pa3o6beM OCh 4acTOT Ha MHTEPBANBI (MO AMAIIa30HbI), KaK T0-

Ka3aHo Ha puc. 3.13 npu ay; = 2. Takoe pa3dueHune Ha3bIBAIOT Jorapupmuye-

CKHM, TdK KaK OTHOILIICHHUC BerHeﬁ W HDKHEH I'paHuil AuaIra3oHoOB IIOCTOAHHO U

Y

—dx 21 —=x T2 4T s

Puc. 3.13.
Pazbuenue ocu vacmom 6 nocapughpmuueckom macuimade npu a, = 2

paBHO 2. Takoe pa3OueHHE ABIACTCS CIE M UICATHHBIM, TaK KaK OHO Pean3y-

€TCsA WICATbHBIMU TOJIOCOBEIMU (ribTpaMu. [logoOHas wmacanmsamus Hy)KHA
JUTSL KCCIICAOBAHUS CBOWCTB YAaCTOTHOTO PA3JIOKEHUA C MOMOIIBIO HUACATU3IUPO-
BAHHBIX BEWBJIETOB, YTO IMO3BOJUT B AAJbHEHIIIEM MEPEUTH K 00J€e CI0XHBIM

pasnoskermam. Jlo6oii curnan f(t)e L, co cnexrpom F(@w) mosxeT 3aHMMAath

IMOJOCY 4YaCTOT, OXBATBIBAKOINYIO HCCKOJIBKO TAKHX II0AAHWAIIa30HOB. TOFI[a
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F(a)):ZFm(a)) " f(t):z f(t), T.e. curHan mpeacrasser coGoi cymmy

m m
HCKOTOPOro 4ucja 3JCMCHTAPHBIX CHUI'HAJIOB. B paccMaTpuBacMOM HACAJIBHOM
ClIy4ac 4aCTOTHBIC KaHAJIbl HEC IICPCKPBIBAIOTCA, ITIO3TOMY HMCCT MCCTO OPTOIoO-

HAJIbHOCTDb 3TUX 3JICMCHTAPHBIX CUTHAJIOB, T.C.
1 :
[fOfOa=_" [F(@)F(@do=5i-k)

BI)I6epeM M3 BCCTO MHOJKCCTBA CHUIHAJIOB TAKHC, KOTOPBLIC OI'PAHUYCHEI I10-

nocoit uactor 2', T.e. nmeromme cnektp F, (@)

PaccMoTprM Tiepromueckyto Gpyrkimo @, (@) Takyro, uto

D, (w)= i F (a)—27r2' k),

T.e. Honyuennyio nepuommsanueii F, (w) (puc. 3.14) . Toraa cnexrp dyHKIMHK

th(m)

I-1 -1 I-I -1
—dz2 —x2 v x2 4r2
Puc. 3.14.
Ilepuoousayusn pynkyuu F, (a))
F (a)) MIPY MPOM3BOILHOM | MOKHO TIPEJCTaBUTh B BU/IEC

rw-a| [T % TS e

i+1
w2

rae H (X) — (hyHKITHST OKHA TaKas, 4To
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1, —ESXSE;
II(x) = 2 2

0, B OCTaNBHBIX CIyYAsX .
[TocMOTpUM, KaK HPH STHX YCIOBUSAX MOXKHO MPEACTABUTH (DYHKIIUIO f(t)

BO BpPEMEHHOHN oOmactu. [l 5TOTO pasiaokuM TEPHOTUUECCKYIO (PYHKITHIO

@ (w) ¢ nepuogom %: 72", B psaa @ypee (em. (2.1.1)):

2z

@ ()= b [k]ejkz”ziw => b [k]ekz' (3.5.10a)
k k

rac

72 _
blk]=—1 [F(0)e ¥ ?do. (3.5.106)
272"

-2

[Toxcrasmssa (3.5.10a) B (3.5.9) u BEMONHIA 0OpaTHOE TpeoOpa3OBaHHUEC

Oypbe, TOTYUNM:

[}

fi(0)=5 [0} do=

(e}

_1 'Zbi[k]-eikzi“’dw-H( ;i)+1j‘eim‘ (3.5.11)
% /4

27
Zk: b, [k]e? '@ H(%} e,

80

8

Rfr

—00

Brruncnium nepseiii uHTErpast. llepecraBnsada onepaunu CyMMUPOBAHHS H

WHTETPUPOBAHNS W OTPAHUYMBAS TPECITBI HHTCTPUPOBAHUA C YyIeTOM (DYHKITHH

OKHA, MOJTYYUM:
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”2i+l '
= Zb[k jeikz'“’ei“‘dw:
k——oo ”2i+l
2+t

= ZQ [K] Jejwt+k2 e =

”2| +1

n2? eja)t+k2

——Zb[ JW Ja)(t+k2 ))

I+Nn

271.2i+1 oo ej(t+k2 ) 2|+1 (t+k2 ),,2|+1

S k;obi 27rj(t+k2 pi+t

_N i+1 Sinﬂ(2i+1t+k)
) k;obl Kz 7[(2i+1'[ + k) '

AnanornyHo JJIs1 BTOPOTO UHTErpaia moJIyuuMm.

2 o

_ iSinﬂ'(Zit-i-k)
_k;f[k]z 2l2t+k)

Torma u3 (3.5.11):

Zq[k(z'+1 (2"t +k)-2' g2t +k))= Zb,[k?’k

k=—c0 K=—oo

rae QyHKIHS

o(x) = sin?ﬂx = sinc(x)

nokasaHna Ha puc. (3.15).
CyMMa 31eMeHTapHBIX curHanos T (t) pasna

M-1

fl Za [k Wlk

i=0

(3.5.12)

(3.5.13)

148



Puc. 3.15.
Sinc -gyuxyusn

Dﬂnwv%—f,

Puc 3.16.
Sinc -seitgrem

a;[k]=2"?p,[k],

TJ1€ BEUBJIET

v (t)=2"2y(2't-k) (35.14)
u (cMm. puc. 3.16):

w(x)=20(2x)-¢p(x). (3.5.15)

Breipaxkenne (3.5.13) sBnsgercs

npencrapienneM ynkuun f(t) B Ga-
3uce BeWBeT. B paccmaTtpuBaeMoM 4a-
CTHOM CJIy4ya€ WJICAJIBbHOW IIOJIOCOBOU
(¢uabTpaniA  BEWBJIETOM  SIBJISIETCS
¢dbyskmms  (3.5.14), obOpasoBaHHas U3
MaTEePUHCKON  (PyHKIHH y/(x) o
(3.5.15) ¢ yuerom (3.5.12). Takoi
BEWBJICT Ha3bIBacTCA SINC-BEUBICTOM
no umeHn ¢ynknuu (3.5.12), koropas
ero obpasyer, a ¢ynkius (3.5.12) mo-
Jyuywiia Ha3BaHWe MacmTabHOW (hyHK-

[UU.

MHoxuTEND 25 IpH wik(t) HEOOXOUM JJIi COXPAHEHUST HOPMBI Hl//ik(t)H

BHC 3aBUCUMOCTH OT BCJINYHHBI MaCH_ITa6a, TaK Kak.

[l

=2 (w2 e—k = [P ax=lwix),

—00

[lokaxeMm, 94TO B paccMaTprMBaeMOM YacTHOM ciydae b, [k]=27" f; (Z_i k),

T.e. onpeensercs orcueramu gynkuun T, (t) mpu t = 27k

Paccmotpum unTerpan ®ypre (2.2.1a) npu AMCKPETHHIX 3HaUeHHAX t € K4,
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dbynximm F, (@), 3amannoit Ha mATepBane ‘a)‘ <2

Hwmeem, ¢ yaerom (3.5.100):

72
fi(ka) = JFi (0)-e!”4dw=
-2 (3.5.16)
. 1 %2 . .
ZZIE Fi(w)-ejmdw=2'hk.
-2

Ilocnennee paBeHCTBO CIPABEAIUBO NMpU A = 27" U BelIECTBEHHEIX f(t).
CrenoBareibHO,
- i
by =27 f; (2 k)-
Bemonaue npeodpazoanne ®@ypbe BhipaxkeHus (3.5.14), MOKHO BHIETH,

yto criekTp @ypbe SINC-BeliBeTa mpeacTaBisier co00i MaeaabHBIN MOI0COBOM

dunbTp, B 06LIEM ClTyuae 3aHMMAOLIKI MoJocy YacToT oT 272 mo 2721
Beiienem Xaapa. PazoObeMm Tenepb BPEMEHHYIO OCh HAa MHTEPBAJIbI, Kak
MoKa3zaHo Ha puc. 3.17 v onpeenM Ha €AMHUYHOM WHTEpBAIC (PYHKITHIO

1 0<t<£;
2

wi(t)=1-1 %St<l‘ (3.5.17)

O, B Ipyrux ciaydasx .

Orta (pyHKITHS SABIIAETCS MAaTCPUHCKAM BEHBIICTOM, TaK KaK OHA yJIOBJICTBO-
pset yenosmmo (3.2.2). Cucrema casuros Takux ¢yrkimit y(t —n) o6pasyer op-

TOHOPMAJIbHBIA 0a3uc, Tak Kak WX B3auMmHas »Heprus (B.5) pasna Hysro npwm

N # 0 u paBHa exuaMIE Tpu N = 0:
ﬂw(t)\zdt =1.

[IpeoGpazosanue Oypoe (2.2.16) BeiiBneTa Xaapa KIMEET BU/
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t-1 .
W{ ) yrit-2)

SN i .
-2 -;onuzl_ls g 5

Puc. 3.17.
Qynuxyus Xaapa.
a) eeiisem y(t);

0) cnexmp Qypve amnaumyosl

_iwy/ \SIN®
v(w)=je Jé(—A) (3.5.18)
a/
4
¥ TTOKa3aHo Ha puc. 3.176.
Oynkiuu Xaapa, Takke Kak SN C-BEHBJIET, MOTYT OBITh MOJIYYEHBI C I10-

MOTIBIO MacmTabHOH QyHKIIAN

1, 0<t<l
wit)= { <t (3.5.19)
0, B ApyrHX ciydasx .

wit)
|

v {2 fo] ) YTO WUTIOCTPpUpYETCs Ha puc. 3.18.
I ' / i N3 npuBeAeHHBIX TPUMEPOB CIICAYET PAI
¢ / i i WHTEPECHBIX BHIBOOB.
W(ZI) 1. IlpencraBieHre BelBICT-QYHKIINA B

BUJIC TIPSAMOYTOJIBHUKOB B JTE000# U3 obJactei
Puc. 3.18.

Dopmuposanue seiteriema Xaapa ~ (4aCTOTHON WIIM BPEMEHHOM) BEIET K OECKO-
C HOMOUBIO MACUMAOHBIX .
Py HEYHOMY PACIIUPEHUIO B IPOTHBOMOIOKHOM
obmactm  (cpapamre puc.3.14 wu  3.16;

puc. 3.17,au 3.17,0).
CremoBatenbHO, ISl TOTO, 9TO0BI (DYHKIIMHA BEHBJICT OBLIN JTOKAIH30BAHBI

OJHOBPEMEHHO BO BPEMEHHON M YAaCTOTHOM OOJIacTAX, OHM JAOJKHBI YOBIBAThH C

POCTOM apryMeHTa, Mo KpaiHen mepe, 1o 3aKOHy 00paTHOM MPOIMOPIHOHAIBHO-
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cte (cm. (3.2.2)).

2. BeiiBneTsl l//(t), cnekTpbl Oypbe KOTOPBIX MPEACTABIAIOT COOOH MOJIO-
COBBIC (PMITBTPBI, MOTYT OBITH BBIPAXXECHBI depe3 MaciTaOHbIe (PYHKIHH (p(t),
criekTpbl Dypbe KOTOPBIX MPEACTABIIOT CO00H (MIIBTPHI HHKHHAX YacToT (CM.
dhopmyisr (3.5.15) u (3.5.19)).

3. basucueie ¢yakiuu st DWT MoryT ObITh TIOMydeHBI U3 OJTHOM Mare-
PUHCKOW (PYyHKIIMM TyTeM ¢¢ MacmrabupoBaHus W casura (cM. (GopMysibl
(3.5.14) u (3.5.15)).

4. JlioGoii curnan f(t) m3 L, MoxkeT GEITH NPEICTABICH CBOMM BEiBIIET-
pasnosernneM (3.5.13), ecmu umcno kommonentos f, (t) Takoso, uto onm 3anu-

MAroOT IIOJIOCY YaCTOT 6OJ'II>H_IYIO, YCM I10JI0Ca CUT'HAJIA.
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