NPUMEHEHUME BEUBJIET- IPEOBPA3OBAHUSA 151 AHAJIM3A
IKOHOMMUNYECKHUX BPEMEHHBIX PA10B

bypnaes E.B.
1. BBEJIAEHHUE

JlanHbie yyeOHbIE MaTepuaibl MOCBSIICHBI aHATN3y BPEMEHHBIX PSIOB C
MOMOIIBIO BEHBIIET MpeoOpa3oBaHus, T.€. Pa3jI0KEHUS OJHOMEPHOIO CHUTHaja
no 0a3ucy, CKOHCTPYHMPOBAHHOMY M3 COJIMTOHOMOOO0HON (DyHKIMM (BEHBIETA)
MOCPEACTBOM €€ PACTSKEHUW (CKATUH) U TEPEHOCOB BJIOJIb OCH BPEMEHH.
CuuTaercsi, YTO OCHOBHBIC MPHUHIUIBI BEHBJIET aHalW3a ObBUIM BIEPBBIC
U3JI0XKEHBI B padote [21], u ¢ TeXx mop BEWBJIET aHAIU3 CTAJ OJIHUM U3 CaMbIX
MOMYJSPHBIX ~ pa3feloB  MaTeMaTUKM W €€  NpuiokeHul.  BelBier
npeoOpa3oBaHue pa3pabOTaHO ISl PEIICHUs 3aj]ad, OKa3aBIIMXCS ‘‘HE IO
3y0aM” TpaaulIMOHHOMY MpeoOpazoBanuio Dypre. B HacTosmiee BpeMst BEHBIIET
npeoOpa3oBaHUE HAXOAUT Bce OoJiee IMIUPOKOE IMPUMEHEHHUE B 00padoTKe
BPEMEHHBIX PsAOB, Oynb 3T0 MHTepHeT Tpaduk UM OUpKEBbIE KOTHPOBKH,
00paboTKe JAHHBIX AUCTAHIIMOHHOI'O 30HIMPOBAHUS, PACIIO3HABAHUN 00pPA30B U
peud, 3aJavyax CBS3M, TEOPETHYECKOW GU3MKE U MaTeMaTHKe, CXKaTUu
U300pKEHUN U MyJIbTUMEANA-UHPOPMALIUU U T. 1.

OcHoBHast ujest BeWBIET MpeoOpa3oBaHus OTBEUaET Crienu(rKe MHOTHX
BPEMEHHBIX PSIOB, AEMOHCTPUPYIOUIMX SBOJIOLMI0 BO BpPEMEHU CBOMX
OCHOBHBIX XapaKTEPUCTUK — CPEOHEro 3HAYEHHWs, AUCIEPCUHU, IEPUOJOB,
aMIuTy] U (a3 rapMoHMYECKHX KOMMOHEHT. [lomaBistomiee OONBIIMHCTBO
MPOIIECCOB, HM3YyYaeMbIX B  pa3MYHBIX  O0JACTSIX  3HAHWHA, HWMEIOT
BBIIIECIEPEYNCIEHHbIE OCOOEHHOCTH.

Teopust ¥ mnpakTUKa BEUBIET aHadu3a OINKCAaHA B MHOTOYHUCIEHHBIX
KHUTAX U CTaThsIX. XOPOIIKUM BBEJICHUEM B TEOPHUIO U €€ MIPUIIOKECHUS SBIISIOTCS
paboter [2], [4], [S5], [8-16], [20], [22], [25]. IlpumeHeHue BeiBIETOB B
MaTeMaTUYeCKOW CTAaTUCTUKE W aHaJIu3€ BPEMEHHBIX PSII0B M3JI0KEHO B
pabotax [1], [26], [27], [28], [29]. B paborax [6], [7], [18] onrcanbl makeTsl 115
noJicueTa BEWBJIET MpPeoOpa3oBaHMs, BXOIAIIME B OCHOBHBIE CHCTEMBI
KOMITBIOTEPHON MaTEMaTUKH.

K coxanenuto, Ha pPYCCKOM S3bIKE HE OMyOJWKOBAHO HHU OJHOTO
y4e0HOTO 1MOCOOMUs, MOCBSIIEHHOTO MPUMEHEHHUIO BEUBIIET MPEeoOpa3oBaHMs JIs
aHaJIM3a SKOHOMUYECKUX BPEMEHHBIX pPsfoB. JlaHHBIE yueOHBbIE MaTepHaIbI,
MOCBSIICHHBIC MPaKTHYECKON CTOpOHE UCIIOJIb30BaHUs BEUBJIET
npeoOpa3oBaHusT U OPUEHTUPOBAHHBIE HAa MCCIEIOBAHUE HKOHOMUYECKHUX
BPEMEHHBIX PSJIOB, IPU3BAHbI B KAKON-TO MEPE YCTPAHUTH 3TOT HEIOCTATOK.

PaccmaTpuBaeTrcsi Kak HENpPEpPhIBHOE, TaK U JUCKPETHOE BEUBIET
npeoOpazoBanue. OCBAIICHB OCHOBHBIE TEOPETUUECKHUE CBOICTBA BEWBIIET
npeoOpazoBanus.  OTMETHM, 4YTO JUCKPETHOE BEUBJIET MpeoOpa3zoBaHUE
BBOJIUTCSI C KCIOJIb30BAHHEM TIOHATHS KpaTHOMAcIITaOHOTO aHaiu3a. XOTs
TaKoe OIpeesIeHUEe AOBOJBHO CIOKHO U TpeOyeT ONpelleJICHHBIX MO3HAHUM B
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MaTeMaTUYeCKOM aHalh3e, OHO Hauboyiee TMONHO OTpaxaeT ‘‘PUINUECCKHIt
CMBICII” JMCKPETHOIO BEWBIIET NpPeoOpa3oBaHUs M IOMOTAET MOHATh, OTKyAa
Ipu pacueTax BO3HUKAIOT MaciuTaOHble W BeuBiaeT QuiabTphl. [loapoOHO
PacCMOTpPEHbl NPAKTUYECKUE AaCHEKThl MOJCYeTa BEUBIET NpeoOdpa3zoBaHUS.
[Tpumepbl mpUMEHEHUsT MPOUJUTIOCTPUPOBAHBI KaK HAa MOJENbHBIX, TaK U Ha
peanbHbIX BPEMEHHBIX psAax.

[Ipn wuznoxkeHun OyIyT HCHOJIB30BATHCS —ClENyIOlUe OyKBEHHbIE
COKpalICHUA:

e bIl — Ou3Hec muKiI

JBII — nuckpeTHOE BEWBIIET MpeoOpa3zoBaHUE
[TABII — mepuoanueckoe TUCKPETHOE BEUBIIET MpeoOpa3zoBaHue
JABC — nuckpeTHbIN BEUBJIET CIEKTP
[1® — npeobpazoBanue Oypoe
C® — cniektp Dypre
Ecnu He ykazaHbl TMpeAesibl UHTErpUpOBaHUsl (CyMMHUPOBAHHS), TO
UHTErpUpoBaHue (CyMMHUpPOBaHUE) BeAeTcs o R (Z).

2. HenpepbiBHOE BeiiBJIeT peodpa3oBaHue
2.1. IIpeoOpa3oBaHue CUTHAJIOB

Maremaruueckue npeoOpa3oBaHHsl TPUMEHSIOTCS K CUTHAIY Ui TOTO,
YTOOBl MOJYYUTh O HEM KaKyl-TO JIOMOJIHUTENbHYI0 HH(pOpMAIHIO,
HEJIOCTYIHYIO0 B UCXOMHOM Buze. Cpean MHOTHX H3BECTHBIX MpeoOpa3zoBaHUiA
CUTHAJIOB HanboJiee NCIOIb3yeMBIM SIBIsSIETCS TipeoOpazoBanue Oypwe (I1D).

BOJBIMIMHCTBO CUTHAJIOB, BCTPEYAIOLIUXCS HA MPAKTHUKE, MPEICTABIICHbI
BO BPEMEHHOU 00J1acTH, T.€. CUTHaJI €CTh (PyHKIUsS BpeMeHu. Takum oOpaszom,
npu OoTOOpaXE€HUU CUTHajla Ha rpaduke OJHOM M3 KOOpAMHAT (HE3aBUCHUMOM)
SBJIAETCSI OCb BPEMEHH, a JPYroil KOOpJAMHATON (3aBHCHUMOI) SIBISIETCS OCh
aMIUTUTYJ. DTO MPEACTaBIIEHUE CUTHAJIA HA3bIBAETCA aMILIUTYIHO-BPEMEHHBIM.
Jlist GONBbIIMHCTBA TPWIOKEHUH aMIUTMTYHO-BPEMEHHOE MPEACTABICHUE HE
SBIIAETCS HawiIydymiuM. Bo MHorux ciyuasx HauOolsiee 3HauuMasi MHGOpMaIIMs
CKpbITa B YacTOTHOM oOmactu. YacTOTHBIA CHEKTP €CThb COBOKYITHOCTb
YaCTOTHBIX (CHEKTpaJbHbIX) KOMIOHEHT. CHEKTp IOKa3bIBAET HAJIUYUE B
CUT'HAJIE TAPMOHUK C OIPEAEIIEHHBIMU YaCTOTAMHU.

Kak u3BectHo, yacrora usmepsierca B ['epuax [['11] wiu B yucie nepuoaos
B eauHMIly Bpemenu. Ha puc. 1 n3o0pakeHsl Tpu CHHYCOUABI ¢ yacTotamu 3, 10
u 50 [I'm]. YacToTHBIM cOCTaB cCuUTrHaja OMNPEIETseTCs] C MOMOIIBIO CHEKTpa
curHana Ha ocHoBe IID. Ilycte y(r)eL’(R) - aHanusupyemslii cursai. I1D

curHaJia 3ajaercsa Gpopmyoun

)7((0)=jexp(—i-a)~t)-y(t)dt. (1)
Crnextp ®@ypbe (CD) curnana paBeH
P(o)=[3() , @)
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npudem [10]

y(t)

yit)

y(t)
(=]

1 L

Puc. 1. Cunycouasl ¢ yactoramu 3, 10 u 50 [T'1]

Iy dt—— JP @, 3)

T.¢. C® MoKa3pIBaET, Ha KAKMX 9aCTOTaX @ COCPENOTOYEHA DHEPrHsl CUTHAIIA.
3aMeTHM, YTO @ SBISETCS LUMKIMYECKOHW YaCTOTOM, 3HAYEHHE K€ YaCTOTHI B
[['u] paBHO f =0w)/27.

ITycts  y(t)=A-cos(i-w,-t) - KOCHHycouWaa C 4YAaCTOTOH w,, TOIJa
Plo)=r"-4(5(w-w,)+5(0+,)), Tae §(x) - menpra dynxuus. 3uauut, CO
BBIABIISIET FTADMOHMKH HA YaCTOTaX @, U —,, KAK U JOIDKHO OBITh. DTOT IPUMED

JEMOHCTPUPYET 3aMeuaTenbHyro crnocoOHocTs [ID ¢oxycupoBath B TOUKY
“pazMaszaHHy0” MO0 BpPEMEHH WHOOPMAIUIO O MEPHOIUIHOCTH (YHKIUHA TIPH
nepexo/ie U3 BPEMEHHON 00JIacTH B 4acTOTHYIO. [locTuraercs 3To 3a CUeT TOro,
uto Aapo I1D, T.e. GyHKUUA exp(—i-@-¢), HE JOKAIM30BAHO BO BPEMEHH, HO

UMEET MPEACTHHYIO JIOKATH3AIUIO B YaCTOTHON 001acTH. ITO 0OCTOSATENHCTBO U
nenaet [I®D OTIMYHBIM HMHCTPYMEHTOM JJIsi WM3YYCHHsS TPOIIECCOB, CBOWCTBA
KOTOPBIX HE MEHSIOTCS CO BPEMEHEM (B HaIlleM MpUMepe dTO 00eCIeunBaeTCs
YCIOBUSIMH A =const U @, = const ).

B peanbHOCTM HET HENPEPBHIBHBIX CUTHAJIOB, BCE CHUTHAJbI 3aJar0TCS
JMCKpPETHO, oTrcueramu. [lycTpy, = y(n-ts), n=0,1L...,L—1 - I3BECTHBIE OTCYETHI

HCCIIElyeMOro CUrHana y(¢), N3MEepeHHbIE C YaCTOTOW AUCKPETU3ALUU f,, T.C.
t,=1/f,. [1® AUCKpETHOrO CUrHaja BIYUCISETCS 1O hopMyIie

Zyn exp( L 2ﬂLk n] k=0,1,...,L—-1, 4)

pu 3tom CO
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P(f)=l7]" k=0,1....L-1, (5)

o k
SIBJISIETCA JIMHEWYaTbiIM CO 3HA4YeHUsAMH B alcmuccax f, =7 £ [T,

k=0,1,...,L—1. BBIHOJ'IHHGTCH 3dKOH COXpPAaHCHHA SHCPIUn CUTHAJIA
1 L-1

yn—— P(fk) (6)

Ha puc. 2 u3obpaxeH C(D CI/IHYCOI/II[I:I ¢ yacroroi 50 [I'g]. Buano, uro CO
MMEET MUK He ToJbko Ha yactore 50 [['1], Ho 1 Ha yacToTe 950 [I'u]. [Ipuunna
3aKJIF0OYAETCs B TOM, YTO JJIs BEIIECTBEHHOTO CUTHANA y, =y, , IpU 1<k<L/2

(a ob0o3Ha4YaeT KOMIUIEKCHOE COMpsDKeHHe yucia a), T.e. CD cuMMmeTpuueH.
3uauut, npu nocrpoernr CP mocTato4Ho OTOOpakarth KodhduuueHtsl P(f,)

npu k=0,1,...,| L/2| (| x| obo3HauaeT Onwkaiiiiee CHU3Y IENOE K x ), OCTAIbHBIC

K03 PUIIEHTHl BCE paBHO HE HECyT HOBOW mMHpopManuu. Takum oOpazoM, 1Mo
C® AHMCKPETHOrO CHTHaja MOKHO BBIJCIUTH TAPMOHHMKH, YaCTOTHI KOTOPBIX
nexar Ha otpeske [0;7-f,] (Ha orpeske [0;f,/2], eclnu BbIpakaThb YacTOTHI B

[['1]). PeasnibHble curHambl OOBIYHO COCTOSIT M3 MHOXKECTBA TAPMOHUK U PEIKO
UMEIOT Takue npoctbie CPD, Kak Ha puc. 2.

YacrotHas wuHoOpManusa KpailHe HeoOxoauma JUisi 0OoJiee IOJIHOTO
aHayiM3a CUrHajioB. Jleso B TOM, YTO 3a4acTyr0 MH(pOpMalus, HE 3aMEeTHas BO
BPEMEHHOM IMPEACTABICHUH, MPOSBISIETCS B YaCTOTHOM IpEACTaBICHUHU. Tak
ObIBaeT, Hampumep, ¢ snekrpokapauorpammoin (OKI). Tunuuneiit Bug OKIT
XOpOILO HM3BECTEH KapauojoraM. J[1o0oe 3HAYMTENIbHOE OTKJIOHEHUE OT HEro
paccMaTpuBaeTCA Kak IMaToJOTHs. JTa MaTOJIOTUS, OJHAKO, HE BCErJa MOXKET
ObITh 3aMETHA BO BPEMEHHOM IIpE/CTaBIeHUH curHaia. [loaTtomy B mocieaHux
MOJIETISIX AJIEKTpoKapauorpadoB s aHaiM3a HCHONb3YETCS U YaCTOTHOE
IPEACTABICHUE CUTHAIA.

Kpome II® cymecrByer M MHOrO JAPYrUX 4YacTO IPUMEHSEMBIX
npeoOpa3oBanuii currana. [Ipumepamu sBisitorcs: mpeoOpa3zoBanue [ mnbdepTa,
okoHHoe [I®D, pacnpenenenne Burnepa, mpeoOpasoBanue Youia, BEUBIET
npeoOpa3zoBaHue M MHorue napyrue. s kKaxaoro npeoOpa3oBaHHs MOYXKHO
yKa3aTh HamOoJee MOAXOMSAIIYI0 00JIacTh TNPUMEHEHHs, JOCTOMHCTBA U
HEIOCTaTKu, W BeiiBieT mpeobpazoBanue (BII) He sBnsieTcss B 3TOM cMbIcTe
UCKJTFOUEHHUEM.

Jlns nmydmero nmoHuManust norpedHoctu B BII paccmoTrpum moapoOHee
[1® u ero nepocratku. [1D saBisgercs oo6parumbiM 0OpazoBanuem [10]

y(t):— J.exp i-w-t) y(w)do (7)

Zyk exp(l 2ﬂLk nj, n=0,1,..,L-1. (8)

OHaKO TOJIBKO OJIHO U3 MPEJCTABICHUN JTOCTYITHO JJI1 HAC B KaXKIbli MOMEHT
BpEMEHM: JIMOO 4YacTOTHOE, MO0 BpeMeHHOe. Bo3HHUKAeT ecCTECTBEHHBIM
BOIPOC: BO3MOXKHO JIM TMOJYYUTh COBMECTHOE€ YAaCTOTHO - BPEMEHHOE
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npeacrasieHne curHaina? Hanmomuum, yto CO BBISBIAET HAIWYKWE TOW WIIH
nHOM 4acToThl B cur”aie. [Io CP Henp3s y3HaTh, B KAKOM MOMEHT BPEMEHH
BO3HMKJIA (MCU€3Jia) Ta WM MHas 4yacTtoTa. Brpouem, 3Ta mHpopmanus u He
TpeOyeTCsl, €CJIM CUTHAJ CTAlIMOHAPHBIM.

25 T T T T T T

1.5+ .

P

0.5

0 100 200 300 400 500 600 700 800 900 1000
f, Hz

Puc. 2. C® cunycousl ¢ yactoroit 50 [I']

O6cyanM KOHIIETIIIMIO CTAIlMOHAPHOCTH, TaK KaK OHA OJHAa M3 HamOojee
BAKHBIX IpU a”HaiM3e CUTHAIOB. CTalMOHAPHBIMM Ha3bIBAIOTCS CHUTHAJIBI,
YaCTOTHOE HAIIOJIHEHWE KOTOPBIX HE MeHseTcsa co BpemeHeM. [loaromy mpu
YaCTOTHOM aHaJHM3€ TaKUX CUTHAIOB He TpeOyeTcs nHpOopMaIus O TOM, B KaKOi

MOMEHT BpPEMEHHM BO3HMKIA (HMCYe3/1a) Ta WIM HMHAsS YacTOTa — 4YacTOTHI
IPUCYTCTBYIOT B CUTHAJIE Ha MPOTSKEHUU BCEH €ro JIIUTEIbHOCTH.
Curnan y(t)=cos(10-27-1)+cos(25-27-t)+cos(50-27-1)+cos(100-27 - ),

M300pKEHHBIN Ha puC. 3, SBISIETCS CTAIMOHAPHBIM, TaK KaK COJep)Kaliuecs B
HeM yactoThl 10, 25, 50 u 100 [I'1] He MeHsrOTCS co BpeMeHeM. Ha aTom ke
puc. uzobpaxxken C@® »sroro curHaiza. OueBugHo, 1Mo COD JIETKO MOXKHO
ONPENEIUTh YACTOTHBIE COCTaBsomMe curhHaina. Ha puc. 4 mnokaszan
HECTAIlMOHAPHBIA  CHTHAJ y(t):cos( f (t)-zn-t) u ero Cod, rme
100,t €[0,0.3]
50,1 €[0.3,0.6]
25,t€[0.6,0.8]
10, €[0.8;1]

pPa3HBIMH YacCTOTaMH, BCTPEUAIOIIMMUCS HAa YETHIPEX Pa3IMYHBIX WHTEpBAJIaX.
Kak BuaHo wu3 C®, Bce UeThlpe 4YaCTOTHBIX KOMIIOHEHTHI MOTYT OBITh
JIOCTATOYHO TOYHO OIPEJETIEHbl IO COOTBETCTBYIOIIMM KM MAaKCHMYyMaM.
“Jlokubpie” TuKH (MO OOKaM OCHOBHBIX MAaKCHMYMOB) HMEIOT HEOOJBIIYIO
BEJIMYMHY B CHJIy TOTO, YTO YaCcTOTa CUTHAIa U3MEHSIETCS pelIKO. 3aMETUM, YTO

f()=

. 1o CYTHU, OTOT CHUTI'HAaJ COCTOUT M3 YCTBIPEX TI'apMOHHUK C
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MTUKHA, COOTBETCTBYIOIIME BBHICOKOYACTOTHBIM TapMOHHUKaM, OOJBINE W JIydIlle
JIOKAJIM30BaHbl, YEM NHUKH, COOTBETCTBYIOIINE HU3KOYACTOTHBIM TapMOHHMKAM.
DTO CBSI3aHO C TE€M, UTO “BpEMsl KU3HHU BBICOKOYACTOTHBIX TAPMOHUK OOJIbLIE.
Bce kaxercs npaBwibHbiM - CD uMeeT 4eTblpe NHKa, COOTBETCTBYIOIINE
YEThIPEM FapMOHHMKAM, NIPUCYTCTBYIOIIUM B CUTHAJIE. BripoueM, HE BCe yX Tak
Xxopou1o, MockoJibky C® moka3bIBaeT, 4YTO BCE YETHIPE TAPMOHUKHN CYIIECTBYIOT
B TE€UEHHE BCEro npomexyrka BpemeHu. CpaBHuB C® curHanoB Ha puc. 3 u
puc. 4, Mbl He OOHApYy»XKMM KauecTBEHHOW pasHuibl. Ha oOoux rpadukax
BBIJICIIAIOTCS YeThIpe 4acTOTHbIe cocTaBisitomue 10, 25, 50 u 100 [I'u]. CO
JIBYX CTOJIb Pa3HbIX CHUTHAJIOB OKa3aIMCh NOXO0xkH. [loaromy, I1® HenpurogHo
JUISl aHAJIM3a HECTAllMOHAPHBIX CUTHAJIOB, 32 OOHUM UCKItoueHueMm: 11D moxer
VICIIOJIB30BATHCA JJISI AaHAJIN3a HECTALIMOHAPHBIX CUTHAJIOB, €CJIM HAC UHTEPECYET
aunib uHGOpMaIUsa O YaCTOTHOM COCTaBE€ CUTHAja, a BPEMsl CYILECTBOBAHUS
YaCTOTHBIX COCTABIISIONIMX HEBAXXHO. B MpOTHBHOM ciydae HaJlo UCKaTh Ooiiee
MOJXOMSIIIMIA METOJ aHAJIN3A.

y(t)

P(f)
&

0 10 20 30 40 50 60 70 80 90 100
f, Hz

Puc. 3. Curnan u ero CO

Paccmotpum em€ oaun npumep. Curnan y(r) =cos(30'27r-12 +10-27z~t+7z),

n300paXeHHBIH Ha puc. S5, HecranuoHapHbld. FEro wacrora nuHEHHO
YBEJIMYMBAETCS CO BpeMEHEM. TaKoil CUrHal Ha3bIBAETCS CUTHAJIOM C JIMHEMHOM
4aCTOTHOM Mojayisiiued. B 3apyOexxHol nuTeparype OH HaszbiBaercs chirp-
curHasioM. Ha satom xe puc. nzodpaxen CD storo curnana. OueBugHo, CO e
IIO3BOJISIET OIPEICIIUTh YACTOTHOE HANIOJIHEHUE CUTHAJIA.
Takxum o6pazom, [1D umeer crenyromme HEAOCTATKY:
e Jlna momydeHuss TpeoOpa3oBaHUs HAa OJHOW YacToTe TpedyeTcss Bes
BpeMeHHass HMHQOpMalus O CUTHajie. DTO O3HAYaeT, YTO JOJIKHO OBITh
U3BECTHO Oynyliee NOBEeICHUE CUTHaA.
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e FEciu ucciienyemblil CUTHaJI HE UMEET YETKOTO MEPUOJNYECKOT0 XapaKkTepa u
€ro CTPYKTypa HEOJHOpOJHAa BO BpeMeHH, dPdektuBHocTh [ID B
3HAYUTEIBHON MEpPE CHUIKAETCS, XOTS OH U OCTAECTCS MOJIHOCTHIO B cuie. B
YaCTHOCTH, HE YJAETCS COIKOHOMUTH O0BbEM JaHHBIX 3a CUET Mepexoja OT
aMIUIUTYAHO-BPEMEHHOIO K  aMIUIUTYJHO-YaCTOTHOMY MPE/ICTABICHUIO
CUTHAaJA.

o [ID obnamaer “rnodanbHON” YYBCTBUTEIBHOCTHIO K “JIOKAIIBHBIM CKauKaM
U PE3KUM IMHUKaM aMIUIUTyAbl curHana. [luk curuana Bo BpeMeHHOUN 00acTu
pacrpocTpansieTcs 1o Bced wactotHod oOnactu ero [ID. Ilpu stom
Moaudukauus — kodpduuuento  Dypbe  (Hampumep,  oOpe3aHue
BBICOKOYACTOTHBIX TapMOHUK C 1EJbl0 (QUIBTPAIIMM IIIyMa) BHOCHUT
OJIMHAKOBBbIE HW3MEHEHMs B T[OBEJACHUE CHUTHaJa Ha Bcell obnactu
OIIPEIEIICHHUS.

[Ipn aHanm3e CHUTHAJIOB HEMOCTOSHHOIO XapakKTepa 4YacTO BBITOJHO
ONPENEIUTh KOppENsIuio Mexay BpemeHeM u C® curnaia, T.e. HEOOXOAUMO
00paTUThCS K YaCTOTHO — BPEMEHHOMY MPEJICTABICHUIO CUTHaja, koTopoe BII
Kak pa3 u obecneunBaeT. [Ipu 3ToM cTout oT™MeTuTh, yTo BII HU B KOEM citydae
HE SBJISIETCSA 3aMEHOM TpaauUMOHHOTO 1P m He ymainsdeTr ero 3Ha4YMMOCTH IPU
paboTe €O CTallMOHAPHBIMU CUTHAJIaMH, T.€. B CiIy4yae, KOTJIa HeT
HE0OXOIMMOCTH MCCIEA0BATh JIOKAJIbHYIO CTPYKTypa curHana. BII mpocto nnoe
Y TI03BOJISIET B3TJIAHYTh HA UCCIEAYEMBIA CUTHAN C APYTOM TOYKH 3PCHMUSL.

y(t)
o

P{f)

0 : - L : ; . . 1
0 10 20 30 40 50 60 70 80 90 100 110
f, Hz

Puc. 4. Curnan u ero CO
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y(t)
=

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0 1 1 1 | | 1 1 "
0 10 20 30 40 50 60 70 80

f, Hz

Puc. 5. Curnan u ero CO

2.2 Oxonnoe IO

Wtak, nmpu wHccIeIOBaHUU HECTALIMOHAPHBIX CUTHAJIOB, HE HMMEIOIINUX
YeTKO BBIPAKEHHOTO NEPUOAMYECKOTO Xapakrepa, Hauboinee 3((EeKTHBHBIM
Obul0 OBl  KCIOJNB30BAaHHWE HE TPUTOHOMETPUUYECKHUX, a HEKOTOPBIX
JIOKaJTM30BaHHBIX BO BPEMEHH KOMITAKTHBIX 0a3MCOB, Pa3iOkKEHHE MO KOTOPHIM
coxpanseT uHpOopMaLKio 00 U3MEHEHUH XapaKTEPUCTHK UCCIIEyeMOT0 CUTHaja
co BpeMeHeM. BHayasie MONBITKH TOCTPOSHUS TaKkWX Oa3MCOB CBOJWINCH K
CErMEHTUPOBAHUIO CUTHAJIA HA OTAENIbHbIE (PparMeHThl (OKHA) C MOCIEAYIOIIHUM
npumeHenueM 1@ nns stux PparmentoB. CoOTBETCTBYIOIIEE MPEOOpPA3OBAHUE
— okoHHoe TipeodpazoBanue dypre (OIID) — 610 TIpeIOKEeHO enié B 1946 -
1947 rr.

[Iycts y(t) - aHANM3UPYEMBbIil CHTHAN, A(t) - HEKOTOpAs JIOKAJIM30BaHHAs

0 BPEMEHH, IMPUHUMAONIAs BCINCCTBCHHbIC 3HaueHUs, (QyHKIHUsA. OOBIYHO
HCIONb3YIOT TaKue HenpepsiBHble GyHKIUM h(t)e’(R), I  KOTOPBIX

t-h(t)e L’ (R). IIpumepom sBisieTcss OKOHHAS (QyHKIUS XOHHUHTA

o (”_sz[ﬁ}

)
0.t ¢ {—1,3}
22
[1® oxoHHOM (yHKIMY XIHHUHIA HMEET BUL
l;(a)) _ sm(a)-r/2) . sm(7z—a)-r/2) . sm(;z+a).r/2) (10)

® 2/t —w 27/t + @
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[lapamMeTp 7 OTBeYaeT 3a WIMPUHY OKOHHOM ¢yHkuum A(t). Ha puc. 6
npuBeseHs! rpadukn GyHKUMA A(t) u h(w) npu r=2. st Vbe R QyHKIus
h(t—b) sBnsercs cusuroM QyHKUMH h(t) Ha b. YMHOXHMM CUTHAl Ha OTy
¢ynkiumro, nomyuum y, (1)=y(t)-h(¢—b). Ilomyuennslii curnan y,(s) Kak pas u
ABJISIETCA  BbIIEJECHHBIM ()parMEHTOM CHUrHaja y(7) Ha OTpe3Ke BPEMEHH
[b-7/2,b+17/2].

OI1® Beruucnsercs no ¢popmylie

H(a),b):J.y(t)-h(t—b)-exp(—z’-a)-t)dt, (11)
a ero CIIEKTP Ha3bIBACTCS CIIEKTPOrPAMMON M paBeH
PH(w,b)=|H(w,b)’ (12)

[TockonpKy OKOHHas (DYHKIHS JIOKAJIM30BaHa BO BPEMECHH, TO CIIEKTpOrpamma
SABIISIETCS KaK OBl OCIIE0BATENBbHOCTBIO “NOKaNbHBEIX” CD curnana y(r).

Oll® O6paTI/IMO u coxpaH;IeT 3Hepr1/1}o curnana [10]
:—JIH @,b)-h(t—b)-exp(i-w-t)dwdb, (13)

[»( dt——”PH w,b)dadb (14)

2
CCIIM UCIIOJIb3yeMasi OKOHHast (DYHKIHMs HOpMHpOBaHa, T.e. [, =,/ j (1) dt =1.
3aMeTUM, 9TO OKHO XOHHMHTA HOPMHPOBAHO Tak, 4To /4(0)=I, HO IpPH TOM
|, #1. OTI® mis AUCKPETHOro CHrHANA BBIYHCIISAETCS CIEAYIOINM 0OpasoM.

ITyctb y, =y(n-t,), n=0,1,...,L—1 - U3BECTHbIE OTCUETHI HUCCIIEyEMOI0 CHI'HaJA

y(t) WU3MEPEHHBIE C YaCTOTOM IMCKpeTH3auuu f,, T.€. ¢, =1/ f,, Toraa

H(f,m Zyn exp( %j k=0,1,...,.L-1m=0,1,...,L-1,  (15)

n=0

rae f, :% f. [I'u], mpu 3TOM crieKTporpamma paBHa

PH(fo,m)=|H(f.m)[ .k=0,1...L=Lm=0,1...,L~1. (16)

Kak u B cimydyae C® pguckperHoro curHana, kodpduuuentst PH (f,,m)

JOCTAaTOYHO OTOOpaxaTh mpd m=0,1,...,L-1, k=0,1...,[L/2], ocTanbHbIE
K03 HUIHEHTEl BCe paBHO He HecyT HOBOI nHdopmanuu. Ecimu Y 7°(n)=1, To

TaK onpeneneHHoe OIl® 06paTI/IMO U coxpansieT 3Hepruto curnania [10], T.e.
L-1 L-1

Z{);H fi.m )exp(@j, n=01,...L-1 (17)
>y LZ 1(fym (18)

k=0 m=0

Mh

=
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Puc. 6. Oxonnas pynkuus Xoununra h(t) u ee IO h(w), r=2

Henocrarok OII® 3akmodaercs B TOM, YTO XOTS LIMPUHA OKHA 7 H
MOKET OBITh BBIOpaHAa MPOM3BOJILHO, OHA HE W3MEHSETCA B 3aBHCHUMOCTH OT
JIOKAJIbHBIX oco0eHHOCTEH CUTHAaa. Jlst JTy4Iien JIOKaJIN3aluu
“KOPOTKOKMBYLIMX~ OCOOEHHOCTEM CcuUrHaia (Hampumep, MOMEHTa BPEMEHH,
KOrjia MPOU30IUI0 Pe3KOe M3MEHEHUE YacTOThl KOJeOaHUW CUTHAJIA) IMIUpUHA
OKHA JOJDKHAa yMeHbIaTbCA. JUId Jydmed JIOKAIM3aUud “IOJITOKUBYIIUX
0COOEHHOCTEM curHaina (HanpuMmep, HU3KOUaCTOTHBIX KOJeOaHMil) IIUpUHA OKHA
JOJDKHA YBEJNIMYMBATHCS. ECIIM MCNOJIB30BAaTh TOJBKO “HMIMPOKOE” WIIM TOJBKO
“y3K0€”’ OKHO, OyJIeT TepsAThbcs nHpopMalus MO0 BO BpeMEHHOM 00s1acTh, 1100
B YaCTOTHOM 00JIaCTH.

2.3. HenpepbiBHOE BeiiBJIeT IpeoOpa3oBaHue

Hmnxenep-reopusuk [I. Moprne B konue 70-x rogoB XX B. CTOIKHYJCS C
npobieMoil aHalM3a CHUTHAJIOB OT CEHCMOJATYMKOB, KOTOPBIE COJIEpKaIH
BBICOKOYACTOTHYI0 KOMIIOHEHTY (CelicMHYecKass AaKTUBHOCTb) B TEUYEHHE
KOPOTKOTO MPOMEXYTKAa BPEMEHM U  HU3KOYACTOTHBIE COCTAaBIIAIOIIME
(CTIOKOWMHOE COCTOSIHUE 36MHOM KOpbI) — B TEUEHHUE IJTUTEIBHOTO MEpUoa.

Oll® IIO3BOJISIET aHAJIIM3UPOBATH 1160 BBICOKOYAaCTOTHYIO
COCTAaBJISIIOLIYI0, JIMOO HHU3KOYAaCTOTHYHO COCTaBJISIOLIYI0, HO He 00€
cocrapistone cpasy. Ilostomy ObUT NpEeAsIoKEH METOJl aHaJIu3a, B KOTOPOM
IIMPUHA OKOHHOM (YHKIUM JJIs1 HU3KUX YacTOT yBEJIMUYUBAIACh, a ISl BBICOKUX
4acTOT — YMEHbIIAJIACh.

HoBoe oxoHHOe mpeoOpa3oBaHue MOMYyYaloCh B PE3YJIbTATE PACTKEHUS
(ckaTusl) U CMEILIEHHS 10 BPEMEHU OJHOW MOPOXKIAOIIEH (TaKk Ha3bIBa€MOM
cxounmuHr QyHkuuu — scaling function, scalet) dynkummu. DTa mopokaaromias
¢bynkus ObUla Ha3BaHa BeWBIETOM (aHTJ. CiIOBO wavelet — BeiiBier —
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ABIISAONIEECS TepeBoAoM (paniy3ckoro ‘“‘ondelette”, MoxHO (oOpMaIbHO
MEPEBECTH HA PYCCKUM S3bIK  CIIOBOCOYETAHWMEM  ‘MaJ€HbKas BOJIHA ,
“HebonpInoe KojebaHue”, “KOMITaKTHas BoiHA, “Bcruieck”). Ha Gasze Takoro
NOJX0/1a BO3HUKIIO 1I€JIOE€ HAaNpaBl€HUE B TEOPUM OOpaOOTKM CHUTHAJIOB,
NOJIy4YMBIIIEE HA3BAHUE BEMBJIET aHAIM3A.

BetiiBner — 310 QyHKIMA ¥ (¢) € L?(R) ¢ HyIeBbIM CPEIJHUM 3HAaUCHUEM

jw(t)dt=zﬁ(0)=0, (19)
eIMHIYHOM HOpMOH |y|, =1 m menTpom B Touke ¢=0. Takke HEOOXOAUMO,
yT100b!I [1® BeiiBneT QyHKIMU JOCTATOYHO OBICTPO YOBIBAIIO, @ UMEHHO

. —l-¢

()< (1+lo) 20)
IpHu HEKOTOPHIX C >0 u ¢>0. [l npuiiokeHnid OpIBaeT BaXKHO, YTOOBI BEUBIIET
¢byskims umena N €[] HyJIEBBIX MOMEHTOB, T.€.

[w(t)-trdt=0,p=0,1,.. ,N~1. (21)
BeiiBner  ¢yHkuus, wumerom@as N HYJEBBIX MOMEHTOB, IIO3BOJISIET
aHaM3UpoBaTh 0o0Jieeé TOHKYIO (BBICOKOYACTOTHYIO) CTPYKTYpY CHUTHaja,
NOAABJIAS MEJIJIEHHO M3MEHSAIOIIMECS COCTAaBIISIOIINE CUrHana
(monMHOMHMANIBHBIA TpeHI N-—1 mnopsnaka). TUNUYHBIM MPUMEPOM BEUBIET
bynxun sisercsa Gpynkuus (MHAT BeiiBner)

4
t)=—=-(1-1*)-exp(—£*/2). 22
v ()= (1) exp(-r2) (22)
Ha puc. 7 uzobpaxen MHAT seiisner y (¢) u ero I1d
—42/3- & -exp(—a)2 /2) . Ormetum, uto MHAT BeiiBieT umeer N =2

HYJICBBIX MOMEHTA.
BII curnana y(r)e L’ (R) ompenensercs Kak

-b
W(a,b)= dt. 23
REARCCY 2
BeiliBiieT ciekTp Ha3bpIBaeTCA CKaJIOI‘paMMOI/I U paBeH
PW(a,b)=w(ab) . (24)

[Tapametrp «>0 Ha3pIBaeTCs MapaMeTpoM MaciiTaba M OTBEYaeT 3a
pacTsbkeHue BeviBier pyHKund. COOTHOIIEHHE MEXAY MapaMeTpoM Maclurada
a ¥ NMUKINYeCKOor 9acToToit dypre @ 3amaercs GopMynon

a=<", (25)
a
r7Ie KOHCTaHTa @, OMPEACNSAETCS BHUJIOM HCIIOJIB3YEeMOl BEWBIET (DYHKIIHH.

Takum 00pa3oM, cCKajJlorpaMMa XapakTEpPU3yeT paclpeiesieHHe SHEPruu
CUTHAJIa BAOJb JBYXMEPHON MACIITa0HO (4aCTOTHO) — BPEMEHHOW IIOCKOCTH.
Crnenyer ckaszarh, 4YTO MOHSATHE MaciiTaba — 0Oojiee HMIMPOKOE (XOTS U MEHEe
HarJgJHoe), YeM NoHsATHEe 4yacToThl Pypbe. CBsizaHO 3TO ¢ TeMm, urto B [ID
(GyHKIMOHANBHBIA BUA sAapa mpeoOpasoBaHus, T.e. (YHKUUS exp(—i-o-t),
3aUKCUpPOBaH pa3 U HaBceraa, B To BpeMs kak BII omgHoro u Toro xe curnana
MO>KHO TIOJIYYHUTh C IIOMOIIIBIO Pa3HbIX BEUBJIET (PYHKITHH.
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wit)

FT y(o)

0.5+ A

'LQ
w
[\%]
-
=]
-
[o%)
L]
+a

Puc. 7. MHAT BgeiiBnier y (¢) u ero I1® y (o)

Ecnu nmpouHTErpupoBaTh CKaJIOrpaMMy IO BpPEMEHHM, TO IOIYYUTCS
byHKIUSA

PW(a)zIPW(a,b)dbz%-IP(&))-‘&(W@)‘Z do, (26)

T.€. paclpeaeNieHue SHEPruu CHUTHAJa 10 MaciutadaMm MpeacTaBiseT coOoi
crutakeHHbpli CO, nmpudem xapakrep criaxuBaHus onpenensercs [1D BeliBier
Gynxuum y(r).

UYro6ns1 BII 6p110 0OpaTUMBIM M COXpaHSIIO SHEPTHIO CUTHAINIA, TpedyeTcs,
yT0OBI [1D BeilBACT PYyHKIIMU yIOBIETBOPSIIO CIEAYIONIEMY COOTHOMIEHHUO [10]
|~ 2
Cy;zj‘mda)<oo, (27)

0

@

TOT]Ia, €CJIM UCTIONB3YETCS BEIIECTBEHHAs BEUBIIET (PYHKITHS,

1 1 t—b da
=— [ [w(a.b)—=y| — |db=5 28
- o (s o
jyz(z)dzziﬂpw(a,b)db@, (29)
G, 0 a’
WM, €CIIM UCIIOJIb3YETCS KOMIUIEKCHAs! BEMBIIET (DyHKIIMS,
2 t 1 t—b) , da
t)=——Re| [ [W(a,b)=y| — |ab=|, 30
0= rel [ [rtas) o[ 5 o] 60)
5 2 da
[» (t)a’tzc—y;'{J.PW(a,b)db?. (31)

OTMmeTuM, 9TO JJI BCEX MPAKTHYECKUX Iieiel yciaoBue (27) SKBHUBAJICHTHO
BBINTOJIHEHUIO yCiioBusA (19).
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2.4. CpaBuenue OII® u BII

Heobxoaumo nposicHUTh NIPUYKHY, 110 KoTopoil BII no3BonseT nonyyuth
0osee TOUHYI0 MH(OPMAIUIO O YACTOTHOM — BPEMEHHOM COCTaBE CUTHAJIa, YeM
OIl®D.

[Ipuunna 3axmrouyaercs B ToM, uto BII mpexacraBisier coboii Kak Obl
HEenpepbiBHYIO nocnenosaresibHOCTE Ol ¢ okHamu, HIMpPUHA KOTOPBIX
YBEJIMYMBACTCSI TPU YMEHBIIEHUU YaCTOTHl KOJIEOAHUH aHATM3UPYyEMOIo
CUTHajza M HaoboporT. Jlokaxem 3To yTBepxkzaeHue. IlycTe npousBosbHas
ynxnma f(t)e’(R) ynoBmerBopsieT ycnoBuio ¢-f(¢)eL’(R). Jna Takoi

(GYHKIIUA MOKHO TIOACYUTATH IEHTP U paauyc mo hopmyiam

th-\f(r)\z d (32)

A, =ﬁﬂ(t—xf)2 (o) ar. (33)

bynem HCHONB30BaTh BEIMYMHY 2A, B Ka4e€CTBE KOJIMYECCTBEHHON MEpEI

nokanuzauyuu QyHKuuM f(¢) ¢ LEHTPOM B TOUKE X

Cnavana paccmorpum OII®. Hcnons3yss paBeHcTBo IlapceBais,

HECIOXKHO ToKa3zaTth, uTo i OIID curmama y(¢r)el’(R) BBIIOIHACTCS
cieaymoniee COoTHoleHue [16]
. _ exp(—i-b-(w—n
H(a),b)=Jy(t)-exp(—z-a)-t)-h(t—b)dt=jy(77)~ ( 27[( ))

‘h(n-o)dn (34)

Otcrona cienyer, uto GyHKus exp(—i-@-t)-h(t —b) OTGUILTPOBBIBAET
JIOKaNbHYI0 HHPOPMALIHIO O CUTHANe y(¢) BO BpDEMEHHOM OKHE

[x, +b—A,,x, +b+A,], (35)
exp|—i-b-(w— _—
a  QyHKOHS ul 5 (o-1)) -h(n-w) OT(OUIBTPOBBIBACT  JIOKATHHYIO
T
nHpopmanuio o I1O y(w) curHana y(r) B 4aCTOTHOM OKHE
[x, +o—A,x, +o+A]. (36)

3amMeTuM, YTO MPU MOBBIIIEHUH YaCTOThl @ IHpuHa OKoH (35) u (36) He
U3MCHSETCS, B TO BPEMs KaK JJIsi PCaIbHBIX CUTHAJIOB XapaKTepHA CICAYOIIasl
O0COOEHHOCTh: BBICOKOYACTOTHBIE KOJICOAHUS JIATCS KOPOTKOE BpeMs, a
HU3KOYACTOTHBIC KOJICOAHUS - JOCTAaTOYHO JJIMHHOE. 3HAYUT HEOOXOIUMO,
4yTOOBl TPU YBEJIWYEHUH 4YACTOTHl @ KOJeOaHUN CUTHaNa IIMpPUHA OKHA
yMEHBIIIAIACh BO BPEMEHHOW 00JIaCTH U YBEJIMYMBAIACH B YACTOTHOM 00JacTH U
Ha00OpOT.

Teneps paccmorpum BII. Hcnonb3ys paBeHcTBo lapceBans, HECI0KHO
noka3ath, 4to Juist BII curnana y(7) e L’ (R) BBINOIHACTCA CleIyIONIee

cooTHoueHue [16]
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1 t=b

W(a,b)=Jy(t)-ﬁy/(——)dt=J‘)7(77)-£~exp(i-b~77)-y7[a~(77—%j+xv;]d77. (37)

a
1 t—b
OTcrona cienyeT, 4To PyHKIUS Tl// —— | OTUIBTPOBBIBAET JIOKATHLHYIO
a a

MH(pOPMAIINIO O CUTHAJIE y(7) BO BPEMEHHOM OKHE
[b+a-x,—a-A,,b+a-x,+a-A,], (38)

. - X5
a Qyskuyus  exp(i-b-n)-w| a- Ul OT(UILTPOBBIBAET  JIOKAILHYIO

uHpopmanuio o I1D y(w) curHana y(r) B 4aCTOTHOM OKHE
Y Ay Xy A | (39)
a a ’ a a

Kak yxe roBopwiock, udactrota @dyppre W mapamerp wmacmTada CBSI3aHBI
a,

COOTHOIICHHEM «a =—-. B Ka4ecTBe , OOBIYHO HCIIOJNB3YIOT KOHCTaHTY X, .
(9

Takum 00pa3oMm, B clly4ae BBICOKOYACTOTHBIX SIBJICHHH (T.e. TPH MaJIbIX

3Ha4YE€HMAX MapaMeTpa Macmraba «) mmpuHa A7,=2-a-A, okHa (38) BO

BPEMEHHOM 00JaCTH yMEHBIIAETCHA, a MUpMHA Aw,=2-A,/a oOkHa (39) B

4acTOTHOU oOnacTu yBennuuBaeTcss U Hao0opoT. Menno nmostomy BII myume
MOJAXOUT JJIsl aHAlIM3a PealibHbIX CUTHaAIO0B, yeM Ol1D.
OTMeTnM TakXke, YyTo IUIOIAJb YaCTOTHO-BpeMeHHOro okHa BII paBna

2-A
Aa)a~ATa=( "’j-(2-a-Aw)=4~Au7-Aw. Takum o06pazom, Aa)aocﬁ (mpuHIUT
a

['eitizenbepra). OtTcroga  BHJHO, 4YTO  ©CTECTBEHHOE I aHAIW3a
HECTaIIMOHAPHBIX CUTHAJIOB CTPEMJICHUE MOBBICUTH Pa3peliecHne BO BPEMCHHOM
00JacT Bceraa MPUBOAUT K YMEHBIIICHUIO PA3PEIICHHS B YaCTOTHOW 00JIaCTH.

2.5. Yncaennas peaausanus BII

B nanpHeiem OyJeT UCHOIb30BATHCS KOMIUIEKCHBIN BeliBiaeT Mopiie
/4 2
2 t .
()= ( - j : exp(— _ZJ cexpli-27- f, -t), (40)
T T

r7ie mapameTpbl 7 U f, 3aAaiT GopMy BelBieT (YHKUHMH U ONPEACTAIOT Tak

Ha3bIBaeMblil (hakTop KauectBa Q=2rx-f,-r. [I® BeiiBnera Mopie 3amaercs
dbopmyoit
7(0)=(2r-72)" ( 2 z) 41
#o)=r-2 )" -expl-(z - 1, - /2 7). (41)
Ecnmm mepeitm OT IMKIMYECKOHM 4YacTOThl @ K dYacTore f=o/2z [Iu] m
BBIPA3UTh IapaMeTpbl 7 W f, 4yepe3 mapamerpsl QO u f,, 1o IIdD BelBiera
Mopie npumer BUa
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N2 2,
(e (s V.o
w(f)—(gj e ( L 1} ) “2)

HecnoxHO TojcuuTaTh, 4To JUIA BeliBiera Mopne x, =0, A, =0/(4-7f,),
x,=27f,, A,=(2-7-f;)/Q. Takum oOpa3oM, yBeIMYECHHE INapamerpa

IPUBOJUT K YBEIMYCHHIO pajguyca A, W YMEHBIICHHIO paiuyca A,, T.€.

)
MNponuCxXoaAuT YMCHBHICHHUC pPa3pClliCHUA 110 BPEMCHH, HO YBCIMYCHUC
paspCuICHUA 110 4YacCTOTC. 3aMCTI/IM, 4qTo 1Jiomaab 9aCTOTHO-BPCMCHHOI'O OKHa

1U1s BeWiBieT Mopiie paBHa Aw, -AT, =1/2, T.e. MUHUMaJIbHO BO3MOKHas1. Ha puc.
8 npusenensl rpapuxu Gynxmuii Rew(t), Imy(r) u w(f) npu Q=6 u f,=1.
Heobxoaumo Taxkke OTMETUTh, YTO B ciydyae BelBiera Mopiie COOTHOIIEHHE
Mexay gactotoit dypee f B [['11] u mapamerpom macmitaba a TPUHUMAET BUJ
f=1a.
3ameTuM, 4TO BeiiBiIeT Mopie AeHCTBUTEIBHO UMEET €AUHUYHYIO HOPMY,
Q2

1/4 )
HO TIPU ITOM Iqx(t)dt:(gj -%-exp(—%}io, T.€. YCIOBHUE jy/(z)dtzo,

HaKJIaJIbIBAeMOE Ha BEHBIET (DYHKIIUIO, BBITIOIHAETCS TOJBKO MPHOIMKEHHO
IIPU JIOCTATOYHO OOJIBIIMX 3HAUCHMSIX Q. TeMm He MeHee, TaKe TaKOW TOYHOCTH
JOCTATOYHO JUIsl TNpUNIOKEHUW. EJAUMHCTBEHHO, TIpUM aHalIM3€ CUrHajia
HEO0OXOIMMO BBIUECTh U3 HETO BBIOOpPOUHOE cpeHee. MOMEHThI 00jiee BhICOKUX
IIOPAJKOB y BeliBiIeTa MopJie TakKe HE paBHbI HYJIIO.

real ydt)

Im y(t)
(=

Puc. 8. I'paduku pynkumii Rew(r), Imy(t) u w(f), 0=6, f, =1

Kak yxe ormeuanocs B ¢opmyne (37), mns BII curnama y(¢)

BBIITOJIHACTCA paBCHCTBO
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1 t—>b ~ - )
W (a,b) :J.y(t)-ﬁy/(Tjdt :jy(f)-y/(a-f)-exp(z-27z-f-b)-\/;df, (43)
r7Ie BMECTO IUKIMYECKON YacTOThl @ HCIOJIb30BaHA yacTota [ =w/2z [l'u].
[Tpumenum paBeHcTBO (43) ns nonacuera BII.
Wrak, mnycts y,=y(n-t), n=0,1,...,L—1 - U3BECTHbIE OTCUETHI

MCCIIEyEMOro CUIrHana y(¢), U3MEPEHHBIE C YACTOTOM TUCKPETU3ALMU f,, T.C.
t,=1/f,. Bynem ucnoyip30BaTh 4aCTOTHO — BpeMeHHoe npeacrasienue BII, kak

Oonee mnpuBblYHOE. BpemeHHyI0O o0ocChb pa3o0beM paBHOMEPHOW CETKOU
t,=m-t, m=0,1,...,L—1 Ha L 4YacTeu. B516epeM MUHUMAJIBHYIO 4acCTOTy fa

min

[['1] u MakcuMmanbHy0 4YacTtoTy fa,, [['11], pazoObeM wuccieayeMmblii OTPE30K

max

YaCTOT [ fay,, fdy, | DABHOMEPHON CETKOM fa, = fu,, +k-(fay, — fan, )/(L, 1),
k=0,1,...,L,—1 Ha L, YaCTCH.
OG6cyaum BbIOOp mapamMeTpoB fa. U fa_. . Kaxmas BeiBieT QyHKIuUsA

UMeeT CBOIO (popMy M XapakTepHBIA pa3Mep, KOTOpbI Mpu (PUKCUPOBAHHOM
3HAYeHUW TapaMerpa Macimrada coryiacHo (opmyne (38) ompenensercs
BEJIMYMHON AT, =2-a-A,,TA€ A, - PaIUyC BEHBIET QyHKIMH.

Koaddurnuent W(a,b) onpenenser KOppelsilUI0 MeEXKLy BeHBIeT

(GyHKIMEH, TTOMEIICHHOW B TOYKY b, H KaKOH-HUOYIb OCOOCHHOCTBIO CHrHala
pasmepa A7, ¢ LeHTPOM B Touke b. Moaynb kodbduiuenra W (a,b) npuHUMaeT

HauOoJIbIlIee 3HAYECHHE B TOM Cilydyae, KOrja pa3Mep BEBI€Ta COBIMANACT C
pasmepom “‘“Tekyiieii” 0COOCHHOCTH CUTHaNIa. B cilyyae moJMrapMoHUYeCcKOro
CUTHaJIa €CTECTBEHHON Mepoil MacuiTtaba ero 0COOEHHOCTEH SIBISIETCS] MEPUOA
FapMOHHMYECKMX KOMIIOHEHT, MEpa K€ NPOTSHKEHHOCTH BeuBieTa AT,

ompeneNnsieTcss 3HaueHWeM MapaMerpa MacmTaba a. [ns  guckpeTHOro
NOJINTAPMOHUYECKOI0 CHUTHajla, 3aJaHHOTO Ha CETKe C IIaroM ¢, =const,

JUalla3oH IICpUoAO0B TapPMOHHK OIIPCACIIACTCA BCIMYMHAMU T

min

=2t WU
T :(L—l)-ts. B cootBercTBUM € 3TUM BbIOEpeM HauOOJbIIEe U HAaUMEHbIIEEe

max
3HAaYeHUs MapaMerpa macurTada U3 ycliOBUsS COOTBETCTBUS pa3MEpPOB BeilBieTa
U [pPCACIBHBIX IEPUONOB TapMOHHUYECKHX KOMIIOHEHT: 2-A -a., =T,
2-A,-a,, =T, . OTkyna
a. =—, a =-~—"7t"%, 44
min A ZAV/ ( )

3Ha4YuT, C YYETOM COOTHOIIEHUS (25) W TOro, 40 w@,=x,, w=2-7-f,

rnmapamMeTpsl fa, W fa  PpaBHBI

famin =

x; A,
z-(L-1)-t,’

s BeniBiiera Mopiie 3Tu nmapameTpbl IPUHUMAIOT 3HAYECHUS

_ Y __ 0
Jawn =y L=yt T T a (46)

_XW'AV/

famax _m . (45)
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3nauyenne BII guckpeTHOTO cWrHajia B MOMEHT BPEMEHHU ¢, Ha 9acTOTe
fa, [I'u] paBHO

1 & = i-27-m-
I/Vk,m :f. yp 'lr//p,k exp(—pjﬁ (47)

L_l / . . .
rae y, =t z ¥, -exp(—mj - nuckpetHoe 1D uccnenyemoro curxana,

1/4 2
S (2} L[] @
"””“(2”] fa, exp{ [fak lj 4} 4o

u f, =p/L-t -4acrora Oypne, 10 KOTOPOM IPOUCXOIUT CyMMHUPOBAHUE B (47).

Hcnonp3oBaHue OBICTPHIX aIrOpuTMOB sl mnojcuera 1D mo3sosser
nojcuntath BII curnana no gopmyse (47) nnst Bcex 3HaUYCHUIM CETKH YacTOT fa,

OJJHOBPEMEHHO. 3aMETHM, 4YTO KOO(QQHUIMEHTH W,, SBHO HE 3aBUCAT OT
napametrpa f,. Takum 0Opa3oM, BXOJHBIMU JAHHBIMU SIBISIFOTCS
e CurHan y,=y(n-t), n=0,1...,L—1, 4YacTOTa IMUCKPETU3ALUM CHIHAJIA
fo=1, .
e [lapamerp xauectBa Q.
e [lapameTpsl HACTOTHOM CETKU fa , , fa

max

ulL,.
BbIXOJHBIMM JaHHBIMM SBJISE€TCS MaTpuua pasmepa L,xL Kod(h(GHUIKEHTOB
Wim-

HeoOxoammo OTMETUTH ONIHY BaKHYI0 OCOOCHHOCTH BeiiBieTa Mopire.
[TycTh aHanu3upyeMblii CUTHAI MPEJCTABIISIET COO0M KOMILJIEKCHYIO CHHYCOUTY,
T.e. g(t)=A4-exp(i-27-0-t), Torna II® s10ro curnana pasuo g(f)=4-6(0—f) n
BII B cuity dhopmyiiel (43) nmeet BU

W(a,b)=A-l/?(a-é?)-exp(i~27z~t9-b)~x/g. (49)
3HauYEHHUE CKaJIOrpaMMbl Ha 4Yactore f = f,/a [I'll] B MOMEHT BpeMeHHU I
BerBieTa Mopie paBHO

N 2,
PW(a,b):PW(%,bJ:AZ-[zg—EJ -exp(—[?—l} %]% (50)

3ameTrM, YTO CKajorpaMMa BOOOIIE HE 3aBHCHUT OT mapamerpa b. UToOwI
yactora curHana 6 [['] TOYHO ompenensnach, CKajorpamMma JIO0KEH HUMETh
MakcuMyM Ha 4actore f =6. lloatomy B ciiyuae BeiiBiera Mopne Hano
MOJICUMTHIBATH HOPMUPOBAHHYIO CKAJIOTPAMMY
—PW(“’b)zpw(i,bj-f (51)
a A

JUISl OTPENIETICHUs] YaCTOTHO — BPEMEHHOTO cocTaBa curHaina. Kak ciuemyer u3
dbopmyner  (50)  ckamorpaMMbl  KOMIUIGKCHOW ~ CHHYCOMJIBI,  HMMEHHO
HOpMHpOBaHHas ckajiorpamMma (51) Oyzer uMeTh SIBHbIH MAaKCUMYM TpU [ =6 .
Takum oOpa3zoM, npu peanusaunu Ha npaktuke BII ¢ wucnons3oBanuem
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BeliBiiera Mopse HeoOXOAUMO CTPOUTh KOHTYPHBIA TpadHUK MaTpulbl HE CO

3HAQUYEHHUAMH W, , a CO 3HAYEHUAMHU W, - fa, .

2.6. MoaeJabHbI MpuMep

IIpommmoctpupyem npumenenue BII w  OII® nmnga  wgactotHo -
BPEMEHHOT'0O Pa3pelIeHUsI MOAEIBHOr0 curnana. Mcnonszyem BeiBiaer Mopie ¢
f, =1 u dakropom kadyectBa Q=5. B kauectBe oxkoHHOU ¢yHKIMH s OI1D

HCTIOJIb3YEM OKHO X HHUHIA.

[TockoJibKy CIIEKTpOorpamMma M CKajJorpamma 3aBUCAT OT JIBYX IMapaMeTpOB
(BpeMeHHU 1 4acTOTHI), OyJIeM CTPOUTh KOHTYpPHBIC I'PpaUKH ITHX BEIWYUH, T]IC
10 OCH OpJAWHAT OTIOXKeHa vacTora B [['11], a mo ocu abcmucc — Bpems. [Ipwu
nmojcderax OyJeM HCIOJb30BaTh L =2500 OTCYETOB MOJICIBHOIO CHUTHAja C
4acTOTOM JAMCKpeTusanuu f, =L. IlapamMeTpel 4acTOTHOW CeTKM L, =500,

fa,.. =05, fa . =80.
Paccmotpum CUTHAJI
2-sin(10-27-1)+2-sin(50-27z 1), t€[0;0.5]U[0.512;1]

y(t) = ' . OTOT CHUTHall U €ro
2-sm(10-27r-t), t€[0.5;0.512]

C® uzobpaxens! Ha puc. 9. CO BoisiBNsieT 00€ rapMOHUKH, MTPUCYTCTBYIOIINE B

CUTHaJIe, HO HECNOocOOEH BBIABUTh IPOMEKYTOK BpPEMEHH, KOorja

BBICOKOYACTOTHAsl TApMOHUKA OblIa “BBIKJIIOUEHA .

v(t)
[=]

0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

0 10 20 30 40 50 60
f, Hz

Puc. 9. Curnan u ero CO

Ha puc. 10 nzobpaxena cnexrporpamma OII® npu mupune okHa z =100,
a Ha puc. 11 — npu mupune okHa 7 =350. IlepBasi cnekTporpamMmma He cMorjia
pa3pelinTh FapMOHUKM CUTHAja, HO BbISIBUJIA NPOMEXYTOK BPEMEHM, KOI/A
BBICOKOYACTOTHasl TapMOHMKa Obula “BbIKIOYEHA”. Bropas cnektporpamma
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MO3BOJISIET BBISIBUTh 00€ TApPMOHHWKM CHTHaja (HU3KOYACTOTHAs TapMOHHUKA
ONpeeIIIeTCsl MEHEE TOYHO, YeM BBICOKOUYACTOTHAS ), HO IPOMEKYTOK BPEMEHH,
KOrJla BBICOKOYACTOTHAs rapMOHUKa ObUIa “BBIKJIIOYEHA’, TPAKTUYECKH HE
BbIABIsICTCS. [lpyM nanpHEWeM HM3MEHEHMM IIUPUHBI OKHA 7 TaKXKe HE
MOJIy4aeTCsl BBISIBUTH BCE OCOOCHHOCTH MCCJIEAYEMOr0 CHUTHAJIa Ha OJHOU
criektporpamme. Ha puc. 12 wu3zoOpaxkeHa HOpPMHUPOBaHHAas CKajorpaMma.
VY naercs onpeneauTh Bce 0COOEHHOCTH CUTHAJIA Ha OJHOM CKaJlorpaMMe.

— 8000
- 17000
- 16000

r 15000

r 14000

f, Hz

A

R

0 o01 02 03 04 05 06 07 08 09

Puc. 10. KonTypHsblii rpaduk cnekrporpammel, 7 =100

4
70 — 310

f, Hz

ol |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
t

Puc. 11. KouTtypHslii Tpaduk CieKTporpammsl, 7 =350
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20

0.4

0 01 02 0.3 04 0.5 0.6 0.7 0.8 0.9
t

Puc. 12. KonTypHslii rpaduk HOpMHUPOBAHHON CKaJIOTPaMMBbl, O =5

3. Ilpumenenue BII nuist BoisiBJIeHNs1 OM3HEC HUKJIOB

OpnHoit W3 OCHOBHBIX TpoOiemM mpu u3ydeHuun OusHec 1uKIoB (BLI)
ABJISIETCSL TPOOJIEMAa HECTALIMOHAPHOCTH PacCMaTPUBAEMOI0 BPEMEHHOIO psla
MAaKpOIKOHOMHMYECKOIO TOKa3aTens. PbhIHOYHAsA SKOHOMMKA JBOJIIOLUOHUPYET
BO BPEMEHHM H, MO3TOMY, MAaKpPOOIKOHOMHYECKHE BPEMEHHBIE PSAbl COJEPXKAT
CTOXaCTUYECKUE KOMIIOHEHTBI, XAapAaKTEPUCTUKH KOTOPBIX H3MEHSIOTCS.
Tpamuuuonnele Meronbl aHanus3a bLl, Takume Kak KOPPENSALMOHHBIM U
CIIEKTPaJIbHBIN aHAJIM3bl, HE MOT'YT BBISIBUTH HecTanuuoHapHsle bLl. [Ipumenenne
BII ni1s anaan3a MOXKET IOMOYb BBISIBUTh:

e Biusaue “IOKOBBIX HCTOPUUYECKUX COOBITHI Ha MOSBJICHUE W \IJIH
ncye3noBenue bII.

e MOMEHTHI MOSBIICHUS V\IJIH UCUYE3HOBEHUS | MPOJOJIKUTEIHHOCTD
bII.

e 3aBUCUMOCTb 4acToThl BL[ oT BpeMeHH.

B nanbneiiem OyaeT ucciegoBaTbest BpeMeHHou psia Quarterly Growth
in real GDP at annual rates, Percent, 3nauenust ¢ 1960, 1 xkBapran nmo 2000, 1
kBapTan (USA Bureau of Economic Analysis), u3o0paxeHHBIH BMECTE CO
cBouM C® Ha puc. 13. AcnHo, uro CD He gaeT HUKAKOH MHPOPMAIIMU O HATHYUH
unu orcyrcreuu bII.

Hauunass co Bropoit MupoBoii BoitHel 3xoHOMuka CIHIA wucneiTana
CEepbE3HbIE MHCTUTYLUHUOHAJIbHBIE H3MEHEHHS. OTH U3MEHEHHUS OKa3alH
CEpPBE3HOE BIUSHHE HA CTPYKTYpPY d3KOHOMUKH CIIA. M3MeHeHus: nmponcxoauim
KaK M3-3a nepeMeH Bo BHyTpeHHeil monutuke CIIIA, Tak u m3-3a MUpPOBBIX
"HOKOBBIX" COOBITUHA. B 4acTHOCTH, CTOMT yHNOMSIHYTh COOBITHS, OKa3aBILWE
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CYIIECTBEHHOE BJIUSHHE Ha II€Hbl HA HEQThb, U, KaK CIIECJICTBUE, HA YIKOHOMUKY
CIIA:

e [loBeimeHneM 11eH Ha HEPTH U3-3a apabCKOro HePTIHOTO dIMOAPTo
B 1973 1.
Npanckas pesomtonus B 1978-1979 rr.
Hauano upano-npakckoy Bovissl B 1980 r.
VYBenuuenne HedTenoobuu CaynoBckoid Apasueii B 1986 r.
Bropxxenue Mpaka B Kyseiit B 1990 r.
Onepauus "byps B mycteine" B 1991 r.
BroaHe BO3MOXHO, KakMe-TO U3 BBIIIENEPEUYUCICHHBIX COOBITHI ObUTH
MPUYAHON TOSIBJICHUS WM HCYE3HOBEHHS KakuX-TO HOBbIX bII, wmimm, mo
KpaiiHeil Mepe, MPUBEIH K U3MEHEHUIO MapaMeTpoB yixke cyiiectByromux bII. C
MOMOIIIBI0 BEMBJIET aHaIu3a MaKpPOIKOHOMUYECKOTO Psifa MOKHO MOMBITAThCA
MpOAHAIN3UPOBATh  JOCTOBEPHOCTh  JTOro  yTBepxkiaAcHus. llapamerpsi,
UCIIOJb30BaHHbIE MPU pacyeTax: JIiauHa psga L=161, ¢ =1 (kBaptan), f,=1,

[1apaMeTphl YaCTOTHOM CETKU fa,, ~0.005, fa

0=5.

~0.5, L, =500, (akTop KayecTBa

max

Quarterly Growth GDP, %

8000+

6000 .

P(f)

2000 A

0 1 1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

f, quarter'1

Puc. 13. Bpemennoii psig Quarterly Growth in real GDP at annual rates,
Percent,
3HaueHusd ¢ 1960, 1 kBapran no 2000, 1 kBapran u ero CO
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Puc. 14. KonTypHbIii rpaduk HOpMHUPOBAHHOM CKaJlOrpaMMbl BPEMEHHOI'O psifia
Quarterly Growth in real GDP at annual rates, Percent, 3nauenus ¢ 1960, 1
kBaptain no 2000, 1 keapran (USA Bureau of Economic Analysis), 0=5.

Ha puc. 14 wu3o0pakeH KOHTYpHBI Tpaduk HOPMHPOBAHHOMN

CKQJIOTPAMMBI  BBIIIEYIIOMSHYTOTO MAaKPO3KOHOMHUYECKOTO BPEMEHHOI'O pPsa.
HaunOonpmnii MHTEpEC MPEACTaBISAIOT HU3KUE YAcCTOTHI, MMOATOMY Ha puc. 15
u300pakeHa  yBEJNWYEHHAass  HIKHSAS ~ 4YacTh  KOHTYPHOTO  rpadmuka.
[Tpoananu3upoBaB KOHTYPHBIM rpauK HOPMHUPOBAHHOM CKaJOrpaMMbl, MOYXHO
cAenaThb CIeAYIOIIUE BEIBOBI:

bIl 3a Bech paccMmaTpuBaeMblid MEPUOJ B OCHOBHOM HMMEKOT YacTOTHI,
menbiue 0.12 (0.12 nmpuMepHO COOTBETCTBYET Nepuoay B 8.3 KBapTaia).
[Io Bcel BMAMMOCTH, OCHOBHas NpuunHa nosiBiieHus bll - pasznuunbie
BHemHKME "mokoBble" coObiTHa. Haumnas ¢ 1960 1., cymiecTBoBasIo
yeThIpe Hanbosee 3HauuMbIX Bl u psg Mmenee 3HaunMbIx Bl

[lepBoiii siBHBIM Bl mosBuics B 1961 1. u, mo Bcel BUIUMOCTH, ObLI
BBI3BaH KaKMM-TO BaXXHBIM BHEIIHUM coObITHEM. DTOT BI] nmeer yactory
okosio 0.11 (mepuoa npumepHo 2.2 r07a) U SBISETCS TOBOJBHO KOPOTKO
YKUBYIIUM (OKOJIO OJTHOTO Trofa).

Eme tpu sBHbIX BIl nposiastorest okoso 1973 r., 1979 r. u 1983 r. u,
BEPOSITHO, BBI3BAHBI BBINICNIEPEUUCIECHHBIMI COOBITHSIMU B CTpaHax
BOCTOKa - mocrtaBmukax pgemeBoir HedTu. [lepuon mepBoro BI pasen
npuMepHO 5 roaam (“BpeMs KU3HHM CcOCTaBisieT 3 - 4 roja), BTOPOro —
6.6 ner (“Bpems Xu3HM cocTaBiseT 3 - 4 roja), Tperbero — 2.7 ner
(“Bpems )KM3HU COCTABIIAET 2 - 3 TOA).

3ametuM, 4To 0K0J0 1965 - 1967 rr. u 1990 1. Toke nposiBustorcs bLI, Ho
OHU CYyIIECTBEHHO ciiabee BoieynomMsinyThix bIl. CinoxHo cka3zath, ObLIH
JU 9TO Kakue-TMOO BHEIIHWE WJIM BHYTPEHHHE “IIOKOBBIE” COOBITHS,
BbI3BaBIIME NOsiBIEHKUE dTUX bII.
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e KOHEYHO, HENIb3s HABEPHSKA yTBEPKIATh, UTO TOT Wi MHOM BII BrI3BaH
BHEIIHUMU COOBITHSIMU Ha MUPOBOW MOJUTHUYECKON apeHe, HO MOXKHO C
YBEPEHHOCThIO CKa3aTh, UTO 3HAYMMBbIE MUPOBBIE COOBITHS OKa3ajiu CBOE
BIMSAHUE HA IIOSBICHHE U XapaKTepUCTUKU Toro wiu uHoro bII. Ilo
KpaiiHeil Mepe, cOOBbITHsI, BbI3BABILIUE CUIIbHBIE KOJI€OaHUs 1IEH Ha HE(PThH
B 1970 - 1980 rr., HaBepHAKa OKa3aJIM TaKOE BIUSIHUE.

—0.7
0.14
- 0.6
012
- 10.5
_ 041
h. - 0.4
=
g
2 0.08
z - 03
0.06
0.04
0.02

1960q1 1965q1 1970g1 1975q1 1980q1 1985q1 1990g1 1995g1 2000q1
t

Puc. 15. YBenuueHHbIN KOHTYPHBIN IpayiKk HOPMUPOBAHHOMN CKaJIOTPaMMBI
BpemenHoro psaaa Quarterly Growth in real GDP at annual rates, Percent,
3Hauenus ¢ 1960, 1 kapran o 2000, 1 kBapran (USA Bureau of Economic
Analysis), 0=5.

Scno BumHo, uto BI[ cymiecTByroT, HO SBJSIOTCS HECTAOMJIHHBIMH.
MexaHu3M 3TOM HECTAOMJIBHOCTU €II€ MPEICTOUT OOBSICHUTH. 3aMETUM, YTO
CYIIECTBYIOIIIHE MaKpO3KOHOMHYECKHUE MOZENH IPEACKA3BIBAIOT
cymectBoBanre ctabunbHbix BIl. B TO ’xe BpeMs mnpoBeneHHBIN aHAIW3
MOKAa3bIBAET MPOTUBOMOJNIOKHOE: BL] HecTaOMIbHBI, OHU MOSBIISIOTCS HA Pa3HBIX
4acTOTaX U B Pa3HbIE MOMEHTHI BPEMEHHU.

4. IluckpeTHOE BeiiBJIeT Mpeodpa3oBaHue
4.1. OcHoBHBbIE 0003HAYeHHS, CBEPTKH, QUIbTPHI
BonbimHCcTBO 0003HAaueHU OyAE€T BBEIEHO MO XOAYy H3JIoXKeHus. [[Ba
HEMEPEeCEeKAIOIUXCSl MOJANPOCTPAHCTBA A UM B TPOCTPAHCTBA S COCTABISIOT

OpsSMyI0 CyMMY TIpocTpaHcTBa S (S=A®B), e€clId KaxAbIH DSJIEMEHT
POCTPAHCTBA S MOXKET ObITh €IUHCTBEHHBIM 00pa30M IMPECTaBICH KaKk CyMMa
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HEKOTOPOTO BJIEMEHTa U3 A W HEKoToporo siemeHta u3 B. I[IpocTpanctBa
uHTerpupyeMsix no Jlebery dynkuuii L (R) ompezensercs Kak HIPOCTPAHCTBO

TakuX U3MepuMbIX 10 Jlebery dyHkiumit y(7), y KOTOPBIX

I, =(Jly o) )" < (52)
(z

IIpocTpaHCcTBO MocienoBaTeNbHOCTENR [”(Z) onpesensercs Kak HPOCTPAaHCTBO

TaKWX YUCIIOBBIX MOCIIEI0BATENBHOCTEN h, ,n € Z, y KOTOPBIX

/p
I, z[z h ) <o (53)

CxansipHOe Ipou3BesieHne AByX GpyHKuil f (1), y(¢)e L’ (R) ompenensercs Kak

(f3)=[r(0)y(0)ar. (54)
BbynyT ucnons3oBarbcs aBa Buaa ¢hopmylibl cymmupoBanus [lyaccona
Zy(t— Zy (2-7-k)-exp(i-27-k-t), (55)
> f.y(0-1))-exp(—i-o-1) Zf w+27k)-y(o+27-k). (56)
1

CueTHOEe MHOKECTBO {y,} , HeKkoroporo I'umbbeproBa mnpocTpaHcTBa F

aBJsgeTcsS Oa3rcoM PI/ICCQ,, cClin K&)KILBIﬁ 9JICMCHT y OJTOI0 IIPOCTPAHCTBA

€JIMHCTBEHHBIM 00pa3oM MOXeT ObITh NPEJCTaBIeH KaK y= Y .c,-y,, IpUIeM
k

HaﬁHYTCH TaKUC YHUBCPCAJIBHBIC IMTOJTOKUTCIIbHBIC KOHCTAHTBI Cl 151 Cz , dTO
C ol <X <Gl (57)
n

rie |y|, - Hopma snemeHTa y B IpocTpaHCcTBE F .
CaepTka QyHKIIUU y( ) c (byHKuHeﬁ h(t) BeIUUCISETCA 110 hOpMYyIIE
yxh(t Iy (t—u du—Jy (t—u)h(u)du . (58)
II® ceprku ABYX GyHKUUi y(t ) u h(¢) ects npoussenenue 1P xaxaon us
byHKINH

Q*h(a)):j}(a})fz(w) (59)

1D GeckoHEUHOM MOCIEIOBATENBHOCTH y, € /' (Z) BBUYHCIAETCS 10 GopMyIIe
=Y y,-exp(-i-w-n). (60)
Cuntaem, uro B (60) we[-7z;7], HOCKONBKY y(w) - 27 -HepHOgWYECKAs

bynkuus. CBepTka MOCIEAOBATEIIBHOCTH y,,neZ C TOCIEAOBATEIbHOCTHIO

h,,n € Z. BBIYUCIISIETCS 110 (hopMyJie

y*hnzzyp'hn—p' (61)

4
[I®D cBepTKM MOCIENOBATENBHOCTEN y,,neZ WU h

nd

neZ PpaBHO IIPOU3BCACHHUIO

n?

1D xaxnoi 3 mociie10BaTeILHOCTEN

Veh(w) =5 (o) k(o). (62)
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YroObl  BBIYMCIUTH CBEPTKY JBYX KOHEYHBIX  IIOCIIE€OBATEIbHOCTEH
y.n=0,1...L-11 h,n=0,1,....L—1

L-1
y*hn = Zyp .hn—p > (63)
p=0

HAJ0 3HATh 3HAYEHUS IOCIEAOBATEIBHOCTU h, Npu n<0 u n>L-1. OquH u3
BO3MOXXHBIX  IIOJAXOJOB  COCTOMT B  IICPHOAUYCCKOM  IIPOJOIKCHHUU
II0CJI€A0BATEIILHOCTH A, TIpU n<-I1, T.€.

h—l = hL—l ) h—z = hL—Z , M T.JI. (64)
IIpy TakoMm moaXoxe CBEPTKA [JBYX KOHEUYHBIX IIOCJIEI0BATEIBHOCTEN

HA3bIBACTCA TEPUOIUYECKON (0003HAYAETCS CHUMBOJOM ®) U MOXKET OBIThH
3aIMcaHa B BUJIE

L-1
y*h =y®h :Zyp M pymoars =01, L—1, (65)
p=0

rjie onepanus Tuna (n—p) mod L onpesensercs ciaeayromumM oopaszom. Eciu m

TaKoe IeJI0e YHUCII0, YTO 0<m<L-1,TO m mod L=m; €Cu m - JIFOOOE IPyroe
1eJI0e YHUCI0, TO m mod L=m+q-L, TA€ geZ TOA00paHO TakK, YTOOBI
0<m+q-L<L-1. TlogcuutrpiBaecmoe mo ¢opmyne (8) nuckpetrHoe [ID

NEePUOANYECKON CBEPTKH (65) ABYX KOHEUHBIX MOCIJIEIOBATEIIBHOCTEH JIITUHBI L
PaBHO IIPOU3BEACHUIO TUCKPETHBIX 11D Kaxxn0i U3 noCiIen0BaTEIbHOCTEN, T.€.

Yeon, =3, -h,k=01,...,L-1. (66)
Ilycte nmaH AWCKpeTHBIM OCECKOHEYHBIM BEIICCTBEHHO3HAYHBIM CHUTHAI

y,,neZ W HEKOTOpas BEIIECTBEHHO3HAYHAs MOCJEA0BATEIbHOCTh h ,neZ, a
CUTHAJI

f,=y*h . nel (67)
SBJISICTCSL CBEpTKOM. B cuity dhopmyiiel (62)

~ 2 = 2 |~ 2

7 (@) =[3(@) |2 ()] - (68)

Cuntaem, uto B (68) we[0;7], moOCKoNbKY ‘f(—a))‘:‘f(a))‘:‘f(a))‘ ITycts CD
‘ﬁ (a))‘2 MOCIIEI0BATENbHOCTH /,,n € Z WMEET BUJ, Kak Ha puc. 16 (Bepx), mpu

- 2 ~ 2
3TOM ‘h(O)‘ #0 H ‘h(;r)‘ ~0. Torma mociieqoBaTeabHOCTh A ,neZ SBIASCTCS

HU3KOYAaCTOTHBIM (uIbTpoM [27] it oTpeska 4acToT [0;7/2] M BBIOENAET U3
curHaina  y,,ne€Z  TakOM  CUTHaI  f,,neZ, KOTOPBIA  COHECPKUT
IPEUMYILECTBEHHO HU3KHE YacTOThl CUTHaNa y,,ne€Z. AHaiorudHo, ecau CO
IIOCJIEI0BATENbHOCTH /,,n € Z WMEET BUJ, KaK HU puc. 16 (Hu3), npu 3TOM

~ 2 ~ 2
‘h(O)‘ ~0 W ‘h(;r)‘ #0, TO TOCIEAOBATENbHOCTh h,neZ  SIBISCTCS

BBICOKOYACTOTHBIM (GUIBTpoM [27] A7 oTpe3Ka 4acToT [7/2;7| U BBIACIACT U3
curHaina  y,,ne€Z  TakOW  CUTHaI  f,,neZ, KOTOPBIH  COHECPKUT
IPEUMYLIECTBEHHO  BBICOKME  4YacTOTbl  curHana  y,,neZ. lloHsarusa
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HHU3KO4YaCTOTHOI'O H BBICOKOYAaCTOTHOI'O CI)I/IJ'IBTpOB AJIs1 HCIIPCPBIBHBIX  HWIIA
AUCKPCTHBIX KOHCUYHBIX CUTHAJIOB OIIPCACIIAOTCSA aHAJIOTHYIHO.

o
B 05 .
E=,
|
g pif2 pi
L]
1
o
B 05 .
E=
|
g pif2 pi

W

. ~ 2
Puc. 16. KauecTtBeHHbIi BUJl QYHKIIHH ‘h (a))‘ HU3KOYaCTOTHOTO (BEpX) U

BBICOKOYACTOTHOTO (HU3) PUILTPOB

4.2. KpatHomMacITa0HbIi aHAIM3 npocTpancTBa L’ (R)

Haubonee  mpocTto  BBeCTH  MOHSATHE  JUCKPETHOTO  BEWBIIET
npeo0pa3oBaHus Ha OCHOBE KPaTHOMACHITAOHOTO aHajan3a, OCKOJIbKY BEUBIIET
aHaJIM3 CUTHAJIOB, IO CYTH, M SBJISETCS KpPaTHOMACIITAOHBIM aHATU30M
(MCIIOJIB3YIOTCSI CABUHYTBHIE M PACTSIHYTHIE (CXKAThlE€) BEPCUU OJHOW U TOM XKe
byHKIMK). YCIOBHO CMOCOO KPATHOMACIITAOHOTO, KPATHO-PA3PEIIAIONIETO WK
MHOTOMAacImTabHOro aHanmu3a (aHri. ciaoBa — multiscale m multiresolution),
COCTOUT B TOM, YTOOBI B3MVISSHYTh HAa MCCIIEIyeMbIi OOBEKT (B JAHHOM CIIydae
CUTHAJI) CHayaja C I[OMONIbI0O MHUKpPOCKONA, MOTOM - 4Yepe3 JIyly, 3aTeM
MOCMOTPETh HEBOOPY>KEHHBIM B3TJISIOM, M, HAKOHEIl, OILICHUTh H3/ajeKa,
oTOMAsT Ha mapy maroB. [Jsans B OMHOKIL, KMHOKAMEpPy WJIM MHUKPOCKON H
NBITAsICh  YJIOBUTh MAKCUMAJIbHO UYETKOE M300pakKe€HUE HHTEPECYIOIINX
00BEKTOB, BO MHOTHX CiIy4asx HaOJI0JaTelb, HE OCO3HABas 3TOTO, MPOBOIUT
M0I00HBIN aHAJIHU3.

4.2.1. MacmradHasi QyHKIHUSA H OANPOCTPAHCTBA 7,
Onpenenenne. KparHoMacmiTaOHBIM aHanu30M mpoctpancTBa L’ (R)
HAa3bIBACTCS MOCJICAOBATEIIBHOCTh 3aMKHYTBIX MOANPOCTPAHCTB V, el’ (R) JeZL

co cienyromumu ceorictBamu [2], [5], [10-13], [16], [22], [25]:
° Vj cV.

j+l o

° y(t)er <:>y(2-t)er+1;
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° y(t)eVO <:>y(t+1)eV0;

e U,V mnorHo B L*(R), N, ={0};

e Halinerca Takas MacimTabHas OGYHKIOMS ¢(7)eV, C HEHYJIECBBIM
MHTErpajiom, uto Habop dyHkuwmit {p(1—n)|neZ} cocrapuser 6azuc
Pucca B moanpocrtpanctse V.

3aMeTHM, YTO U3 BTOPOTO M TPETHErO CBOMCTB OMpEAEICHHUS CAEIYET, YTO

Habop GyHKUMA {(p_m (t)= V27 go(zf -t—n) |ne Z} cocraBisger 0Oaszuc Pucca

noanpocrpanctsa V,. Mngexc j OyJem Ha3bIBaTh yPOBHEM pa3pelleHHs.
ITockonmbky ¢(t)eV,cV,, TO HalijeTcd Takas IOCIEA0BATEIbHOCTh

h el’ (Z), YTO BBIMOJHACTCS CIICAYIOIIEE ABYXMACIITAOHOE COOTHOIIIEHNE
o(1)=N2-> b, -p(2-1-n). (69)

ITocnenoBaTenbHOCTD 4, €1°(Z) HAa3bIBAIOT MACIITAOHBIM (PUIBTPOM.

Wurterpupys paBeHCTBO (69) u aenst 00e yacTH Ha HEHYJICBOM MHTETpal
OT ¢(t), HoIy4aem

S, =3, (70)

Ecmu ¢(t)eL'(R), To mpu BecbMa OOIIMX YCIOBHAX OHA OJHO3HAYHO

oTIpeeNsIeTCs IBYXMAaCIITaOHBIM COOTHOIIEHUEM (69) 1 HOPMUPOBKOM
[o(t)de=p(0)=1. (71)
O6o3HauuM H(w)=h(w)=> h,-exp(~i-w-n), Torma, npumenss IID k

00€erM YacTsIM JBYXMacCIITaOHOT'O COOTHOIIEHUs (69), monydaem

1
) :—H 2 ) 2 . 72
[Tockomnbky ¢(0) =1, TO, Mocaea0BaTENbHO TpUMEHsIs (72), uMeeM
o [ (2’1 a))
p(w)=]]—————2. 73
(o) LI (73)

Takum  oOpa3oM, TmTpW  BBINIOJHEHWH BeChbMa OOmUX  TpeOOBaHWIA,
TOCIeI0BATeNbHOCTD h, €/ (Z) 3anaet I1® macmTabHOM byHKIMU ¢(1).

UToObl ¢ moMmomipro HaGopa (yHkumit {p(t—n)|neZ} MOXKHO ObBLIO

npUOIU3UTHh XOTS OBl CAaMyI0 TIPOCTYIO (DYHKITMIO — KOHCTAHTY — HEOOXO0IUMO,
9TOOBI  IEJIOYUCIICHHBIC CABUTH MacmTabHOW (QYHKIMH  (HOPMUPOBAIH

pazOueHue eAUHULIB, T.C.
VieR—> Y g(t-n)=1. (74)

Hcnonb3yst  ¢opmyny cymmupoBanus Ilyaccona, mnomydaem, uro (74)
PaBHOCUIIBHO
@(2-7-n)=6,,nel. (75)

nd’

N3 (75) u (72) cnenyer, 4To
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H(7)=0< Y (-1)"-h,=0. (76)

[Tockombky
H(0)=>h, =42, (77)
TO MacIITaOHBIN PUIBTP A, ,n € Z SBIASETCS HU3KOYACTOTHBIM (PHIIBTPOM.
B GonbmnHCTBE CiTydyaes sl GYHKIHUN ¢(¢) HET sIBHOTO BhIpaxKeHUs. Tem

HE MEHEE, CYLIECTBYIOT OBICTphIE aJrOPUTMbl Ha OCHOBE JBYXMAacCLITaOHOTIO
cooTHOIEHHs (69) 11 BEIYUCIEHHUS 3HAYEHUH QYHKLIUU ¢(7) C IPOM3BOJIBLHOM

TOYHOCTBIO B JHMAJAUYECKHX TodKaX (=2"-n,(j,n)eZ’. Jlna mnpunoxeHui
O0OBIYHO JOCTATOYHO 3HATH KOAPHUIIUEHTHI h ,neZ .

IMoampocTpancTBa V), j € Z UCTONIB3YIOTCS [UI AlIPOKCUMAIIUN GyHKUIMMA
C OMOILLIO MPOEKIMI Ha 9TH IOANPOCTPaHCTBA. Tak Kak 00beIMHEHHE BCEX V,
m10THO B L*(R), To Jr00as KBaJpaTHYHO UHTErpupyemasi QyHKIUS MOXKET ObITh

l'IpI/I6J'II/I)K€Ha C HpOPI3BOJIBHOI>i TOYHOCTBIO TAKUMHU IIPOCKIUAMU. HaanMep,
OIIpCACIINM HOAIMPOCTPAHCTBA Vj KakK

V.= y(t)eLz(R)|VneZ—)y|

J

= const} : (78)

[27j-n;27j-(n+l))
Tak ompeneneHHple IOANPOCTPAHCTBA V, TOPOXKAAIOTCS CIABUTAMU U
pacTspKeHUsIMH (CKaTHAMHI) MaclTabHOM QyHkumn Xaapa ¢, (1)=1,, (7).

PaccMOTpUM 27 - IEPUOANYECKYIO (DYHKIIHIO
F(a)):Z‘gB(a)err-n)‘z : (79)

OueBHIHO, YCIOBHE TOTO, YTO LEJIOUHCIEHHbIE CABUTH ¢(7) GopMupyroT 6asuc
Pucca B V, paBHOCHMIBHO YCIOBHUIO TOrO, YTO CYHIECTBYIOT TaKHUE
MMOJIOKUTEIbHBIC KOHCTAHTHI C, U C,, U4TO
0<C <F(w)<C,. (80)
Hcnonw3ys (72) u neperpynnupoBbIBasi CIara€éMble C YETHbIMH M HEUYETHBIMU
uHjekcamu B (79), noixydaem, 4To
2-F(2-0)=|H(a) -F(o)+|H(o+7) -F(o+7). (81)

4.2.2. BeiiBjeT GyHKIMA U NOANMPOCTPAHCTBA 7,

Ilycte W,, j € Z 0003HaYa€T TAKUE IOMIPOCTPAHCTBA, YTO
Via =V, ®W,. (82)
IToanpocTpancTBO W, COAEPIKUT “‘yTOUHSAIONLYIO HH(POPMALMIO, HEOOXOAUMYIO
UL TIepexoJa C YPOBHS pa3pelieHusl ; Ha YpPOBEHb paspelieHus j+1.
CnemoBarteiabHO,

LZ(R)zclosure{Ej-)VI/j} , (83)
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WiH, GUKCUPYSI HEKOTOPBIN YPOBEHb pa3pelieHus j,,

I’(R)= closure{Vj0 @(59:0 WJ)} . (84)
®opmynsl (83) u (84) 3amar0T KpaTHOMACIITAOHOE PaA3JIOKEHHUS MPOCTPAHCTBA
I (R).

®DyHkuus w(¢) HazpiBaeTcs BeWBIET (QyHKIMEH, ecnu HaOOp (yHKIMIA
{w(t-n)|neZ} cocraBuser Gasuc Pucca mommpocTpancTsa #,. 3aMeTuM, uTo
Toraa Habop (QyHKIUs {y/j,n (t) =2 w(2/ -t—n)|neZ} cocrapiser 6asuc Pucca

HOJIIPOCTPAHCTBA w,. Xors  TpebOBaHME  OPTOrOHAIBHOCTH  Ha

MMoAIMPOCTPAHCTBA W/’j € Z ¥ HC HAKJIaJAbIBAJIOCh, IIpeAIIOJIaracTcs, 4To W]. 141 W/,

NPHOIIKEHHO OPTOTOHANBHBI JUIS JOCTATOYHO OONBIINX 3HA4YeHHH |j— |, 4To
no3posser Habopy ¢yHkumit w,,(¢) dopmupoBars 6asuc Pucca ams Bcero
npoctpaHcTBa L’ (R).
ITockonbKy y (t)eV;, To HaiigeTcs Takas MOCIEAOBATENBHOCTD g, €/ (Z),
YTO BBITIOJIHSCTCS IByXMacIITaOHOE PAaBEHCTBO
l//(t)=\/§-2gn-(0(2~t—n). (85)
[TocnenoBarenbHOCTs g, €/°(Z) HasbiBatloT BeliBiaeT Guiubtpom. M3 (85)

cienyet, uro 11D BeiiBner GYHKINUN YIOBIETBOPSIET PABEHCTBY
w(w):%@(w/z)-@(w/z), (86)
rie G(w)=g(w)=)Y g, -exp(—i-w-n).

K&)KI[O@ M3 MoAIpPOCTPAaHCTB Vj u ij HMCCT JOIIOJIHCHUC B IIPOCTPAHCTBE

I’ (R), KoTOpble 0003HaYUM ¥ U W; COOTBETCTBEHHO. SICHO, uTO
+o0
Vi =@ W =8, (87)
O6o3HauuM P, - ONepaTop HPOEKTUPOBAHUA HA MOMNPOCTPAHCTBO

napajuieibHo ¥, U Q; - OIepaTop NPOSKTUPOBAHMS Ha MOAIPOCTPAHCTBO W,

napannensHo W, . Torma ¢ynkuus y(r)e’(R) MOXeT ObITh NMPEICTaBIeHA B
BUJIC

y(t)=Zij(t)=Zaj’nl//j,n (t)- (88)

Jj.n
Jlanee OyneT onucaHo, Kakue yCIOBHS HEOOXOAMMO HAJIOKUTh HA MACIITA0HYIO
¥ BEUWBJIET (PYHKIIMH, YTOOBI X CIIBUTH U PACTSHKEHUS (CKATHU) 00pa30BBIBAIH
OpPTOHOpPManbHBIM 0a3uc mpoctpanctBa L°(R), a Takwke Kak HaWTH
k03 duuuenTsl «;, B (83).

n
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4.3. OproHopMaJIbHBI 0a31C BeilBJIETOB

BBenem mnoHsITUE OPTOrOHAJIBHOIO KPATHOMACIITAOHOTO aHaliu3a. IJTO
TaKoOW KpaTHOMAcCIITAOHBIM aHaJIN3, B KOTOPOM yTOUHSIIOIIKE MOANPOCTPAHCTBA
W, SBIAIOTCA OPTOrOHAJIBHBIMU JONOJIHEHUAMU V, 710 V. JlocTatouHbIM

YCJIIOBUEM OPTOTOHAIBHOCTH KPAaTHOMACIITAOHOTO aHalM3a SIBIISETCS YCIOBHE
TOT'O, 4TO

Vo LW, (89)
W
(v, pt-n)=0),neZ. (90)
C yaerom hopmynsl cymmupoBanus [lyaccona, (90) 5KBHBaJICHTHO yCIIOBUIO
VmeR—)Zl/?(a)+2-7z-n)-W:0. 91)

OproHopManbHas MaciuTaOHas (QyHKIHs, 9TO Takas QyHKUus ¢(t), 9T0
Habop dyskumii  {p(¢t-n)[ne€Z} cOCTAaBIAECT OPTOHOPMAIBHBIA  OasmC
TIONPOCTPAHCTBA V, , T.€.

<qp, p(t—n)=97, >,n e”Z. (92)
Torna Habopa byHKIMHA {gpm (t)= V27 (p(zf -t—n) |ne Z} ABJISIETCS
OPTOHOPMAIIbHBIM ~ 0a3MCOM  MOAINPOCTPAaHCTBA V,. VYuuTbiBas (opMyiy

cymmupoBanus [lyaccona, nomydaem, 4yto (92) 5KBUBaJIE€HTHO yCIOBHIO
VweR—)Z‘@(a)+2~7z-n)‘2:F(a))zl. (93)

U3 popmyn (81) u (93) cnenyer, 4to
VoeR-|H (o) +|H(o+2) =20VpeZ >3 h h_,,=5,. (94)

p

Vcenopus (93) u (94) oSKBUBaJICHTHBI, HO OHH OOECIEUYHMBAIOT TOJBKO
HE00XO0AMMOE yCIIOBUE OPTOIOHAILHOCTH CABUIOB MAaCIITaOHOW QPyHKIMU.
OproHopMalbHast BelBIeT GyHKINMS, 3TO Takast QyHKIuUs y (), 4To Habop

byHKIHI {w(t-n)neZ} COCTaBJISIET OpPTOHOPMAJTLHBIN 0azmuc
noanpoCcTpaHcTea W, T.e.

(v(t-m=5,)ne. (95)
Torma  naGop GynKumii {1// (1) =N2y (2 t=n)|ne Z} SABIISETCS
OPTOHOPMaNIbHBIM ~ 0a3UCOM IMOANPOCTPAHCTBA W,. YuuTeiBag (HopMyTy

cymmupoBanus [Tyaccona, nomyuaem, 9to (95) S5KBUBAIICHTHO yCIOBHIO
VweR—)Z‘y?(a)+2-7r-n)‘2=1. (96)

HCHOHBSyH AHAJIOTNMYHBIC PACCYKACHUS, YTO W BBIIIC, ITOJIYyYacM H€O6XOI[I/IMOC
YCJI0BHUEC OPTOT'OHAJIBHOCTH CABHUI'OB BCUBIICT (I)YHKHI/II/I

VoeR-|G(o) +|G(o+r) =20 WpeZ>Y g, ¢,.,=6,. (97)
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Tax xak moampocTpaHcTBa /, B3aMMHO OPTOIOHAIBHBEI, TO HAOOp
bynxumit {y,, (¢)|(j,n)€Z’} cocTaBiseT OPTOHOPMAIIBHBI 6a3HUC IPOCTPAHCTBA
I (R).

B cayuae opTOHOpManbHBIX BEHBIET H MAaCIITAOHBIX (YHKIUN
Oneparopel P, U O, MOTYT OBITh 3aIIUCaHbI B BUJE

Ey(t)=z<y,qaj,n>'(oj,n (t) H ij(f)=2<ya‘//j,n>%,n (t) (98)

n n

3HAUNT, B CHIIy KpaTHOMACIITaOHbBIX paznoxeHuit (83) u (84) s HEKOTOPOTO
(ukcupoBaHHOro YypoBHs paspenieHus j,eZ u y(t)e L’(R) BBIIONHIETCS, 4TO

y(t)= ;am Wi (t)= Zﬂ:ﬂjo,n @, 1)+ ,Z,: Zn:“m Wia(t)s (99)
rae macmrabHble KO3(QGHUIHMEHTH S, = < V0 W> U BEUBIET KO3(PPUIUEHTHI
oy, = (¥,

Ucnons3yst paBeHcTBO (93), MOXHO mOKa3aTh, 4to YyciuoBue (91)
3aMUCHIBACTCS B BUJIC

Va)eR—>G(a))-H(a))+G(a)+ﬂ')-m:O. (100)
Otcrona cnenyer, uro GyHKuus G() JOJKHA MMETh BH]
G(0)=A4(w)-H(w+x), (101)
rie A(w) Takas 2z -nepuojuyeckas QyHKIUs, 4yTO
Alo+7)=-A(w). (102)

13 oproronansbHOCTH Habopa (yHKUMH ¢, () HENOCPEICTBEHHO CIIEyeT
OPTOrOHAILHOCTh Habopa hyHKIMH v, , (1), eciu
|[4(w)|=1. (103)

JJst IpUIIOKEeHU BaXKHO, YTOOBI MaciITabHas U BEUBIIET PYHKIUHU UMETU
KOMIIAaKTHBIC HOCHTEIM BO BPEMEHHOH 00JIacTH. DTO OyJeT UMETh MECTO, €CJIH
Gynkiun  H(w) u G(w) - TPUrOHOMETPUYECKUE TIIOJMHOMBI, T.€.

IIOCJIEAOBATCIBHOCTH h,,neZ WU g,,n€Z COACPKAT KOHCYHOEC YHCIIO HCHYIECBBIX

n?

ko3pdunuenToB. B TakoMm ciydae, ecnum MacmTaOHas (QYHKIHS HMEET
KOMIIaKTHBIA HOCHUTENb, TO, Onarojapsi paBeHCTBY (85), u BeiBieT (yHKUIHS
OyZeT MMeTb KOMIIAKTHBI HOCHTENb, IPHU YCIOBHH, 4YTO A(w) sBISETCA

TPUTOHOMETPUUYECKUM MOJUHOMOM. EJIWHCTBEHHBIE TPUTOHOMETPUUYECKHE
MOJIMHOMBI, yAoBieTBopstomue yciaoBusm (102) u (103) umeror Bua
A(w)=C-exp(—i-@-(2-n+1)),|C|=LneZ. (104)

C TOYHOCTBIO O KOHCTAHTBHI M LIEJIOTO CJIBUIa TaKOW BH]I A(a)) OIpeIEIIsIET

OfHY U Ty ke BeiBier ¢ynkiuio. JIto6oil apyroit BbIOOp A(w) NPUBOAMT K

BEHBIET (YHKIMH C HEOTPAaHUYCHHBIM HocuteneMm. Ecanm xodpuimeHTs
h,,neZ - NEUCTBUTEIbHBIC, TO U KOIPPUIUEHTHI g,,neZ - NCHCTBUTEIbHBIC

npu ycnoBud, 4yro C=zx1. OObl4HO mnojararT A(w)=-exp(i-w). 3Ha4HUT,
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OpTOHOpMAJbHAs BEWBJIET (YHKIMS BBIPAXKACTCS Yepe3 OPTOHOPMATHHYIO
MacmtabHyro (QyHkiuo mo dopmyne (85), rme xkodpdunueHTtsl g,,neZ

OTpeAeNsAtoTcs Mo KoddpuumenTam k,,n € Z COTIaCHO PaBEHCTBY
G(w)=—exp(i-0)-H(o+r) e g,=(-1)"h_, . (105)
Takum o00pa3oMm, ecid TOCTPOUTH OPTOHOPMAJIBHYIO MAaCIITA0HYIO

(GYHKIMIO C KOMIIAKTHBIM HOCUTENEeM (T.€., MO CyTH, HAaWTHU MOAXOISALIN
MaclITaOHbIA  (QUABTP h,,neZ KOHEUHOW [HuHBI), TO 1O Qopmyne (105)

n

OJIHO3HAYHO OIpe/IeNsieTCs BeUBieT QUIbTP g,,n € Z, 0 KOTOPOMY, UCTIONB3YS

dbopmyny (85), MOXKHO TOCTPOUTH OPTOHOPMAIIBHYIO BEHBIET (YHKIHIO C
KOMITAaKTHBIM HOCHUTEJIEM.

CymiectByer mpouenypa OpTOrOHaJW3allMM, KOTOpas  IMO3BOJSET
MOCTPOUTH OPTOHOPMANTBHYIO MacmITaOHyI0 (QyHKINIO. JIeHCTBUTENHHO, TyCTh
1I€JI0OYMCIIEHHBIE CIBUTM HEKOTOPOH MacmrTabHOW (QyHKIMHU ¢(7) dOpMUDPYIOT

0asuc Pucca B mommpocTpaHcTBe V,, TOrAa COOTBETCTBYIOWIAS (DYHKIIHS
F(w)>0VweR ¥ OPTOHOPMAJIbHBIH 0a31C MOANPOCTPAHCTBA ¥, MOKHO 3a]aTh
LIEJIOYMCIIEHHBIMU C/IBUTAMH TaKoil MacimiTabHol QyHKUUM ¢, (¢), uTo ee I1D

UMEET BUJT

By () = (2(2) - (106)

IIpu sToM ¢, (¢) Oyner ynonerBopsath ycinoBuro (93). K coxkanenuto, Takoi
MOJIXOJ HE TapaHTupyeT, 4ro (yHKUus ¢,, (1) OyleT HUMEeTh KOMIAKTHBIH

HOCUTENb.

Taxxke, TMOCTpOCHHE OPTOHOPMAJIBHOW MacIITaOHONW (YHKIIMH MOXKET
OBITH MPOM3BEICHO COTJIACHO cieayroiei Teopeme [10].
Teopema 1. [Iycmb ¢(t)eL’(R) - opmonopmanvhas macuimabHas @QyHKYus.

Tozoa 1D H(w)=>Y h,-exp(—i-w-n) noC1e008amenbHOCmu

h, = <2’1/ 2op,0(20- n)>, neZ yooeiemaopsem YCio8UsIM
VoeR - |H (o) +/H(o+x) =2, (107)
H(0)=+2. (108)
Obpammo, ecnu H(w) - 27 -nepuoouueckas u HenpepbléHo Ouggeperyupyemas

6 okpecmHocmu mouku @=0 @yuxyus, yoosiemesopsrowas yciosuim (107) u
(108), u npu smom

it | (@))>0, (109)
mo QyHKYus.
<o H(2‘j a))
plo)=]]—F= 110

aenaemcs I1D opmonopmansrou macumabnou gynxyuu ¢(t)e L’ (R).
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OcraeTcsi HAJIOXHUTh HEKOTOPHIC JIOMOJHUTEIhHBIC yCIOBHUS  Ha
MacimTaOHbId  GUIBTP h,neZ, 4YTOOb TmoOdydeHHas wu3 Gopmynsl (110)

MacmtabHas (GyHkiug (a, ciaedoBaTeNbHO, W BeWBIET (QYHKIUSA) HMeNa
KOMIIAKTHBI HOCHTEIh M 00Jajjasia HEKOTOPHIMH APYTHMHU TOJIE3HBIMU
CBOWCTBAMMU.

[IpocreiimuM  mpUMEpOM  OPTOHOPMAIBLHON MacimTabHOW  (QYHKIIUU
siBIIsieTCs MaciutabHas Gpynkuus Xaapa ¢, (¢) =1, (), KOTOpPOH COOTBETCTBYET

BeliBneT pyHkus Xaapa

Y taar (t) = Ptiaar (2 ’ t)_(”Haar (2 't_l) = I[o;l/z) (t) _1[1/2;1) (t) . (1 1 1)
CnBuru u pacTsbKeHHs (CKaTvs) MacIITaOHOW W BeiBiIeT PyHKIMM Xaapa Kak
pa3 U 00pa3yroT NPOCTEHIINN OPTOHOPMAJbHBIN Oa3uc, Oa3uCHbIE (PYHKIUU
KOTOPOTO HMEIOT KOMIIaKTHbIe HOcuTenu. HepoctaTkoM (QYHKIIMNA TaKoro
0a3uca SBISIETCS UX HETJIAAKOCTh U MeaiienHoe yobiBanue [1D gynknuit Xaapa
Ha OECKOHEYHOCTH.

4.4. BeliBJaeTbl U MOJHHOMBI

MomeHTsl MaciTabHOM 1 BeiiBaeT GyHKIMiA U p e[l U{0} paBHBI
ko =[t"-p()dt m kY = [ty (t)dt. (112)
U3 dbopmynsr (71) momyuaem, uto k? =1. U3 popmyn (76) u (105) cnenyer, uto
G(0)=>_g, =0. IToaTomy, cormacho popmyie (86), 7 (0)=0< ki =0.
k

[Iycts N 0003HauUaeT YMCIIO HYJEBBIX MOMEHTOB BEUBIIET (PYHKIUH, T.€.
k? =0(0<p<N),k§ #0. (113)
['magxocTs MacmTabHON M BEWBJIET (PYHKIUN yBEIMUMBACTCS MPU YBEITUUCHHUU
qyciia HyJeBbIX MOMEHTOB. C MOMOIIBIO BeHBIET KOI(PPUIMEHTOB MOXKHO
XapakTepu3oBaTh  TJaAKOCTh  aHammsupyemoud  ¢ymkumm  [5],  [25].
HeiicTButensHo, mycts y(¢)eC’(R) - dyHKIUA U3 npocTpaHcTsa ['enbiaepa
mopsizka s >0 (s¢0 ). B rakom ciydae (y.g,,)=0(1) u (y.y,,)= 0(2”'(”1/2)) pu
s<N, j20, neZ u ¢(t),y(t)eC’(R), roe r>s. OT KomM4ecTBa HYJIEBBIX
MOMEHTOB N BEWBIET (YHKIMM TaKX€ 3aBHUCUT CKOPOCTb CXOJAUMOCTH
annpokcuManuu rnajakoi Gynkuun y(¢)e C” (R), IOCKONBKY
—i-N .
|Py-y],=0(27") npu j>o0. (114)
Takum oOpa3om, HaIM4YUE OMPEAETICHHOTO KOJMYECTBA HYJEBBIX MOMEHTOB Yy
BEHBJET (PyHKINU KpaiiHE BaKHO JJIS1 TPUIIOKCHHI.

B nanpueiimmem OyneM cuuMTaTh, YTO BEWBIET M MAacCIITaOHBIM (PUIBTPHI
cBsi3anbl cooTHomieHueMm (105). Ilycte N >1, Torma u3 omnpenenenus 11D
cienyer, 4yto QyHKIUS y(w) U ee N—1 NPOU3BOJHAS PaBHBI HYJIO IPpU @ =0.
[Tockonbky ¢(0)=0, TO, cornacHo (opmyie (86), pyHkuus G(w) u ee N-1
IIPOU3BOJIHASI PABHBI HYJIO MPU @ =0. 3HAYUT, BeUBIET QUIBTP g,,n€Z HUMEET
N HYJIEBbIX JTUCKPETHBIX MOMEHTOB, T.€.
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> g, -n"=0,p=0,1...,N-1. (115)

Kak cnemyer u3z gopmyinsl (105), 3To S5KBUBAJIEHTHO TOMY, YTO QyHKUUSA H (o)

U N-1 ee mpou3BOAHAs PaBHBI HYJIO B OKPECTHOCTH TOYKH @ =7z . COrnacHo
dbopmyiie (72) 3T0 paBHOCUIILHO TOMY, UTO

irg" (2-7-n)=6,-k% p=0,,.,N-1. (116)
U3 popmynel cymmupoBanust [lyaccona nomydaem, uto (116) paBHOCHIBHO
Z(t—n)p-(o(t—n)=kﬁ,p:O,l,...,N—1. (117)

n

[TeperpynnupoBsiBas cinaraembie B (117) momydaem, 4To eciu BeWBIET QyHKIIHS
uMeeT N HyJEBBIX MOMEHTOB, TO JIFOOOW MHOTOYJIEH CTEICHH HE BbIme N —1
MOJKET OBbITh 3allMCaH B BUJIE NUHEIHON koMOnHanuy QyHkuuit ¢(1—n),neZ.

4.5. OproHopmaubHbIi 0a3uc J[00emn ¢ KOMIIAKTHBIM HOCHTEJIEM

Wtak, He0OX0UMO MOCTPOUTH OPTOHOPMANIBHYIO MACIITaA0OHYIO (DYHKIIHIO
C KOMITaKTHBIM HocuteneM. Kak yX ymoMHMHAamoch, AJiE 3TOTO0 HEOOXOIUMO
HAJIOXKUTh HEKOTOPHIE JOMOTHUTEIbHBIC OTPAHNYCHUS HA MACIITA0OHBIA QUIBTD
h,neZ. Pa3yMHBIM KaXeTCS HAJIOXKUTh TaKHE OTPAHMYCHUS, TPU KOTOPHIX

COOTBETCTBYIOIIAsl OPTOHOPMaJibHAs BeWBJIET (QyHKUUS OylIer HMeTb N
HyJeBbIX MOMeHTOB. Kak cienyer u3 paszgena 4.4, B TakoM ciiydae (QyHKLUS
H(w) u ee N—1 Npou3BoHas paBHbI HYJIIO IPU @ = 77 . 3HAUMT, QYHKIUA H ()

npeacraBiuMa B BUJIC
. N
H(m):ﬁ.(HLz(_l'a’)] K (), (118)

rie K(w) - HEKOTOpbIi TPUrOHOMETPUYECKMH MHOrouwileH. TpyIaHOCTb

3aKJIF0YAETCsl B TOM, YTOObl HAWTH TAaKOW TPUTOHOMETPUYECKHMI MHOIOUIECH
K(®w) MHHUMAaIbHOH cTeneHH (MUHHMMalbHas CTEHNEHb HE00XOIMMa, 4TOOBI

COOTBETCTBYIOIIME Oa3uCHbIe (PYHKIMM HUMEIUM KOMIIAKTHBIA HOCHUTEINb
MUHHUMAJIbHO BO3MOYKHOH JUIMHBI), 4TO OYHKUMA H(w) yHOBIETBOPSET

ycnoBusM teopeMsl 1. Ilycts

N-1
(o) =20 (2) Scr, s (2. (119)

2

basuc JloOemu mopoxaaeTcss TaKUMH OPTOHOPMAIbHBIMH MAaCIITAOHOW W
BeUBIET (QYHKIUSAMHU C KOMIAKTHBIMH HOCUTEISIMU, YTO COOTBETCTBYIOIIASI UM
ynkius H(w) ynosuerBopser ycinosutoo (119) mpu nHekotopoM Nell, a

yskusa G(w)=—exp(i-w)-H(w+ ). Beimonusercs cnenyromas [10]
Teopema 2. Eciu y(t) - eeiigrem @pynkyus ¢ Nell HyneeoiMuU MOMEHMAMU,
Komopas nopodicoaem opmoHOpManbHbLil basuc npocmpancmea L’ (R), mo ona

umeem Hocumenb, pazmepa Ooavuwe aubo pasnozo 2-N-1. Beuigrem u
macwmabuas @yukyuu Jlobewu umerom Hocumenu MUHUMATbHOU OJIUHbL,
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pasuvie [-N+LN] u [0;2-N—1] coomeemcmeenno. Coomeemcmesyoujue 3mum

@QyHxyuam eevigniem u macuimabHvltl gurempsl JJobewu umerom M =2-N
HeHY1eblX KoIhhuyuenmos.

Taxum o6pazom, dopmynsl (105) u (119) naroT sBHbIE BBIpaXKEHUS IS
BBIYMCJICHUS  MaclTaOHOTO M BeWBIeT (UIBTPOB, KOTOPHIM  OyJeT
COOTBETCTBOBATh OPTOHOpPMaJibHAasi BeWBIEeT (YHKIUS ¢ N  HyJICBBIMH
MOMEHTAMU M KOMIIAKTHBIM HOCUTENEeM. 3aMeTum, uto paBeHcTBo (105) B
CiTy4yae BEHBIIET U MAaCIITAOHBIX (PYIIBTPOB KOHEYHOU JITMHBI M TIPUHUMACT BU]I

g, =(-1)" hy ., mmm b, =(-1)"-g, ., n=01..,M~1. (120)
Tem He MeHee, UMeeTCs HEKOTOPBII POU3BOI B onpeneneHun Gynkuuu H(w),

a 3HAaYUT W B OMNPEACICHUHM BEUBIET W MACIITA0OHBIX (PHIBTPOB, TaK Kak
dbopmyna (119) ompenenser TOILKO MOIYJb, HO HE a3y KOMIUIEKCHOZHAYHOU
Gynkiun H(w). Pemenue, xoTtopoe nepBoHadalbHO Hpepnoxuina Jobemwu,

COOTBETCTBYET BbIOOpPY GyHKUMU H(w) ¢ dKcTpeManbHOi ¢asoil. Ilycts
h,n=0,1,.,M-1 - MacmTaOHbIA (QUIBTP, TOJYYEHHBIH TPU MTPOU3BOJIHLHOM
onpenenenun Qazsl Qyukuun H(w), a A?.n=0,1,...,M -1 - MacmTaOHbIii
GunbTp JoOemmn Cc JKCTPEMAIBHOMN (ba3oi. Torna

n

m m e 2 (V)
anohj < Zn:o(h( ")) ,m=0,1,....M—-1. B panpHeuiiem 6yILyT HCITIOJIb30BAThCA

bunpTpel  JloOemm, wuMmeromue HKcTpeMaibHyro ¢aszy. B mnpunmoxennn A
npuBeAeHbl MaciTaOHbie GUiIbTphl JJobenmu uist pa3HbIX 3HAYEHHU N , BEUBIET
bunpTpel JloGemu MoryT ObITh mojcumtanbl 1o dopmyrne (120), mpu sTom
COOTBETCTBYIOIIME BeiBiIeT W MacmTabHas ¢GyHkuuu Jlobemm SBISIOTCS
JUMIIENEBBIME  (PYHKIMAMHU C TIOKa3ateneM ~0.55 B ciydae N=2, ¢
nokaszateneM ~1.08 B cayyae N =3 (T.e. HempepbIBHO auddepeHInpyemsl), a B
clly4ae JOCTAaTOYHO OONbIIMX N YJOBIETBOPAIOT PaBHOMEPHOMY YCJIOBHIO
Jlumuuna ¢ nokasarenem nopsiaka 0.2-N.

Ha puc. 17 uzo0paxensl rpaguku MaciTaOHON (BEpX) M BEUBJIET (HU3)
¢bynkuuid loGemm ansg N =2, aHapuc. 18 — st N=4.
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t

o(t)
o
T

Puc. 18. Macmrabnas (Bepx) u BeBner (Hu3) pyukiuu Jlobemm, N =4 .
4.6. BeiiByeTnl M pUIAbLTPHI
4.6.1. luckperHoe BeiBJieT npeodpazosanue ([ABII)

B nanbHelimem OyaeM MCIIONB30BaTh TOJBKO OPTOHOPMAJBHEIE 0a3HChI
JloGemmu ¢ KOMHAKTHBIM HoOcHTedeM. IlockonbKy HabGopsl  (QyHKIMIA
(w,,(t)inez} m |, (t)lneZ} CcOCTaBNAIOT OPTOHOPMaTbHbIE Oa3HCHI

MOANPOCTPAHCTB W, U ¥, COOTBETCTBEHHO, TO NpoeKuuu GyHkuun y(t)e L’ (R)

Ha 3TH MMOJIPOCTPAHCTBA 33/1at0TCs K0P PUIIMEHTaMU
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a, =(vy,)a B, =(rp,) (121)

a,,ecna n=2-k;

cootrBeTcTBeHHO. OO03HA4YUM @, =a_,, a, :{ Brimonnsiercs [10]

O,eciu n=2-k+1.
Teopema 3. Ilycmv g .,neZ u h,neZl - geugrem u MacumaobHvlll GUILMPbL
coomeemcmeenno. IIpamoe /[BII 3a0aemcs popmynamu
aj—l,n = Zgl—Z-n .ﬂj,l = ﬂj,n *gln u ﬁj—l,n = Zhl—Z»n .ﬁj,l = ﬂj,n *hZ-n' (122)
i i
Obpammnoe /]BII 3a0aemcs ¢popmynamu
ﬂj,n = Zgn—Z-l ) aj—l,l + Zhn—Z-l 'ﬂj—l,l = aj—l,n * gn + j-Ln * hn : (123)
i i
ockonbKy, B cuity dopmyi (76), (77), (97) u (105), H(0)=G(z)=+2 u

H(7)=G(0)=0, To MmacmraOHblii QuIBTp h,neZ  pAelcTByeT, Kak

no

HU3KOYACTOTHBII (GUIBTP ANd OTpe3ka dacToT [0;7/2], a BeliBner QuibTp
g,.n€Z IEHCTBYeT KaK BBICOKOYACTOTHBIH (DHIBTP IS OTPE3Ka 4acToT [7/2;7].

Takum 00pa3om, u3 paBeHCTB (72) u (86) cieayer, YTO OCHOBHAS YaCTh YHEPTUU
GbyHKIUNA U3 OAIPOCTPAHCTB V¥, U W, CKOHIICHTPUPOBAHA HAa OTPE3KaxX 4acTOT

[0;7] ®m [7;27] COOTBETCTBEHHO. 3HAYHUT, C XOPOIIEH TOYHOCTHIO MOXHO
CYMTaTh, YTO KpaTHOMacuTabHoe pasnoxenue (83) mpocrpancra L’(R) Ha
BEHBIIET MOJMPOCTPAHCTBA /¥, B YACTOTHOH OONACTH YKBHBAIEHTHO Pa3OHEHUIO

OCH YaCTOT Ha OTPE3KH Buja |2 7;2" -z | npn jeZ.

4.6.2. 3aganue HayaabHbIX ycaoBuid st ABII

ITycts nnst HexoTopoil Qynkumu y(¢)el’(R) H3BECTHBI MacIITaOHbIE
KOG puumentsr S, , = < V@ M> (T.€., IO CyTH, U3BECTHA MPOEKUHUSA 3TON PyHKIUU
Ha MOAIPOCTPAHCTBO V, ). [l MPOU3BOJILHO BHIOPAHHOIO YPOBHS pa3peIleHUs!
Jo<Jj; B CHJIy KpPaTHOMAacITabHOro pasnoxeHus (84) moanpocTpaHcrso V,
MO>KHO TPEACTABUTH B BUJIE MPSAMOI CYMMBI CIIEAYIONIUX MOANPOCTPAHCTB

=v,e o). (124

J=io

Torma, cormacHo cooTHomeHusM (122), MOXKHO MOACYUTATh KOA(PPUIIUECHTHI,

3a/[al0IUe TPOEKIMo (QYHKIUM y(¢f) HA 3T MOANPOCTPAHCTBA. DTO OyayT
KOd(ppUIIUEHTBI

[{ﬂjo,n}ngz;{aj,,,}nez,jzjl 1, —2,...,]'0] (125)

OObIYHO B NPHUIOKEHHAX CHIHAN y(¢f) uU3MepsieTcs HPHOOPOM ¢

KOHCYHBIM  pa3pelieHueM, T.€. AaHAJOTOBBIM CHTHAT  yCpPEAHSETCS |
npeobOpazyercsi B AUCKpeTHYIO dopmy y,.neZ. IlycTh paccTosiHuEe MEXAY

orcuetaMu paBHO L':3/eN — L=2". [lo cyTH, TUCKPETHBIA CUTHAN y,,neZ
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paBeH YCpEIHEHMIO CHTHana y(¢) 1O ydacTKaM JnIumHBl L'=27, T.e.

n
—|,nel.
y(Lj

Wrak, neoOxonumo onpenenuts koddduuuentsr S, . Ilockonbky Habop

Q

Vi

byHKINN {goj,n (1)=2"" -(p(zj -t—n) |ne Z} - OPTOHOPMAJIBHBIA U L =27, TO
1 (t=L"n
Ll/z'ﬂj’n :J.y(t)Fw(Tjdt (126)
NpeACTaBIsieT CcoOON B3BENIEHHOE CpejHee 3HAa4deHMH curhama y(¢f) B

OKPECTHOCTH TOYKU L'-n TO 00JIACTH, pa3Mep KOTOPO# MponopuuoHaineH L.
3Ha4uT, €CIIM CUTHAN y(¢) PEryJIsipEH B OKPECTHOCTH TOYKU L' -n, TO

A e (127)

Takum oOpazoM, mo ¢opmyne (127) MOXKHO BBIUYUCIUTH KOIPPUIUEHTHI
B,,.,n€Z, KOTOpbIE U SBISAIOTCA CBOErO pOJAa HAayalbHBIMU YCIOBUAMHU JUIA

npssmoro JIBII.
4.6.3. /IBII curuajioB KOHeYHOM JJIMHbI

PeanbHplil curHanm y(¢) AIMTCS KOHEYHOE BpEMs, MOATOMY Oyjaem
cuurarbh, 4To te[0;7]. Ha mpakTuke OOBIMHO M3BECTHA TOJIBKO HEKOTOpAs
paBHOMepHas BbIOOpKa y, =y(n-t ),n=0,1,...,L—1 3HaueHUil curHanma y(t), rae
t,=T/L. Ilyctb $JON :L=2’. Tomoxum fB,, =L"-y, n=0,1,.,L-1. D10
3HAQUUT, YTO CUTHAN y(f) paccMaTpUBAeTCs Kak HEKOTopas (yHKIMS u3
npoctpanctea  L°([0;T]), AIi  KOTOpOH  M3BECTHBI  KOD(QHIMEHTHI
B,,.n=0]1..,L-1 ee TPOSKIMH Ha MHOATNPOCTpaHCTBO V, = I*([0:T])
(aHAJIOTMYHO MOCTPOCHMIO KPaTHOMACIITAOHOTO aHanu3a mpoctpaHcTBa L’ (R),
MOXHO TOCTPOUTh KpAaTHOMACINTAaOHEIH aHamu3 mnpoctpancta L ([0;7])).

bonbiieit wuHOpManum O AUCKPETHOM CUTHAlE MOJY4YUTh HE yAaercs,
MIOCKOJIBKY PACCTOSIHHE MEXAY OTCYETaMH OOBIYHO (PMKCHUPOBAHO U HE MOXKET
U3MeHAThCA. JJig BBIYMCIIEHUSI CBEPTOK ¢ (uibTpamMu g,,neZ W h,neZ TO

n?

dopmynam (122) u (123) HeobxonumMo 3HATh 3Ha4EHUS f,, IpU n<0 U n>L-1.
CaMbplM TpPOCTBIM pEIIEHHEM OTOM MPOOJEMBbl SBISETCS IEPUOAU3ALIMS
MOoCJIeA0OBATEIbHOCTH  f3, ,n=0,1,...,L -1 (o CyTH, 3TO NEpUOAMU3ALUI

aHanu3upyeMmoro curhana). [Ipum Takom moaxozae BbIYMCIEHUS MO (popmysiam
(122) u (123) npoBoudTcss HE C OOBIYHOM CBEPTKOM *, a C MEPUOJUYECKOU
CBEPTKOU ®.

Ha camom perne, ucrnosib3oBaHue NEPUOJUYECKUX CBEPTOK IKBUBAJIEHTHO
TOMYy, YTO IIO BeiBieT 06asucy mpocTpaHcTBa L'(R) CTPOUTCS NEPHOTUIECKHUIL

BEHBJICT 0asuc IIPOCTPaHCTBA r ([0; T]) [10], [19]. [Tycth
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[gojﬂ’n(t),;//j)n(t)\ Jo < Jo( j,n)eZz:' - HEKOTOpbIM BeWBIEeT 0a3uC NPOCTPAHCTBA

[’ (R) Oist Ipou3BOIBHOTO (PUKCHPOBAHHOTO 1enoro j, >0. Torxa

A ) 7O, s Gz ], (28)

rac
(05:75) (£)= T2 . pid/2 'Z¢(2j0 _(T—l -t+p)—n) ’ (129)
0 (6) =T 272y (27 (17 4 p)=n). (130)
[Ipu 3TOM
Jo 7 (0w (e =[5 (1), (1), (131)

rae Y (6)=T"-> y(T-(t+n)). Kax pa3 m3 (I131) mu cuenyer, uTO

ucroib3oBaHue Oazuca (128) >KBUBaJEHTHO MCHOJb30BAHUIO MEPUOTUUYECKUX
ceeprok npu noacyere JIBII curnana koHEYHOM TJIMHBL.

N3 Buna nepuoguyeckoro BewBier 0azuca (128) sicHO, 4TO HA KaxJa0M
YpPOBHE paspemeHuss j Oyaer 2/ macmTabHBIX KOA((HUIIMEHTOB U 2/ BEHBJIET
koa¢pdunrenToB. Mrak, mycTh KOJIMYECTBO OTCYETOB B PAaBHOMEPHOW BBHIOOpKE
curHajga paBHo L=2', JeN . Torga w3 BBHIMIEU3IOKEHHOTO CIEAYET, YTO
MaKCHUMaJIbHbI 1 MUHUMAJIbHBIN YPOBHU pa3pelieHust B paznoxenuu (124), mis
KOTOPBIX €I1eé MOXHO OIpPEAEIUTh MaCIITa0OHbIe U BEHBJIET KOAI(POUIIMESHTHI IO
cooTHoleHusIM (122) ¢ HCHOJIb30BAaHHEM MEPUOJUUYECKUX CBEPTOK BMECTO
OOBIYHBIX, paBHBI j,=J U j, =0. [Ipu Takux 3HAUYECHUSIX YpOBHEH paspelieHus

HaOop koxpdunmentos (125) npuHumaer Buj
[:80,0; CCI0 B LV ES VA 2,...,0] : (132)

[ToHsATHO, YTO pa3yiokKEHUE MOXKHO OBUIO ObI MPOBECTH O HEKOTOPOro j, >0.

Torma B (132) ObulO OBl OOJbIIE MacCHITA0OHBIX, HO MEHBIIE BEUBIIET
K02(ppUIIMEHTOB, @ UMEHHO

[{'3’0’”};1:0,1,...,2/0—1 ;{a-i’n}nzo,l,.”,?—l ’j - J_I’J_Z"“’jOJ ' (133)
Ucnonwzys dopmyisl (70), (76), (94), (97) u (105), moxxkHo nokazatsb [27],

1 L-1
4T0 KOd(pOdHIMEHT A, paBeH —» y, - CPEIHEMY JHMCKPETHOTO CHIHAna
n=0

y,,n=0,1,..,L-1. Ilpu strom nepuomamdeckoe JABII (JIBII ¢ ucnons3oBanuem
NEPUOJUYECKUX CBEPTOK BMECTO OOBIYHBIX) IO TMPEKHEMY OCTAeTCs
OpPTOrOHANBHBIM M, IO3TOMY, COXpaHsS€T DJHepruro curHama [27].
HevictButensHo, u3 paBeHcTtB (70), (76), (94), (97) u (105) cnemyer, yTO
nepuoanueckoe JIBII (ITJIBII) coxpaHsieT ckaisipHO€ NPOU3BEACHUE ABYX
MPOU3BOJIBHBIX TIOCIEAOBATENBHOCTEU a,,i=0,1,...,2-:g—1 u b,i=0,1,...,2-q—1
(geN),T.e.

2.q-1 q-1

a; 'bi :f(ai ®§2-i)'(bi ®g2-i)+2(ai ®};2~i)'<bi ®ﬁ2-i) . (134)

.
i=0 i=0 i=0
3HAuYuUT, BBIMOJIHAIOTCS PAaBEHCTBA TUMA paBeHCTBA [lapceBans
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= -12/-1 5
ZZ _ﬂ00+ aj,n’ (135)
n=0

J

'\

\ I
f=}
O

n=

1L1 2701 J-1 2/ =

-y = Zﬂ10,1+22a1n,0<]0<J (136)

L n=0 Jj=Jjo n=0
Heo6xonumo otmeruth cieayromiee. [Ipu moacuere obparnoro ITJIBIIT ¢
ucroiab3oBanueM HaOopa kodddunuentoB (132) wmmum (133) nomydarorcs
KO3 UITUECHTHI ﬂJjn,n:O,l,...,Zj —1. Torga orcueTrsl MCXOAHOTO IOUCKPETHOTO

CHrHAJIa [OJICYUTBIBAIOTCS 10 popmyne y, =L -3, ,n=0,1,...,2" —1.
Hecnoxuo mokaszatb, 4yTo eciu JUIMHBI QUIBTPOB g,,ne€Z U h,nel

paBHbl M, TO mpsmoe wiau obparHoe IIJIBII curmana namHsl L COCTOUT
MakCUMyM U3 2-M-L cnoxeHud u ymHoxeHudd [10]. B npunoxenuun b
IPUBEAECH AJITOPUTM TpsiMoro u odpatHoro I1JIBII.

IIpsamoe IIJIBII umeer cnenyrommi HemocrtaTok. [[eso B TOM, 4TO IpH
NOACYETE  IMEPUOAUYECKMX  CBEPTOK  HCIIOJB3YETCS  MEPHOINYECKOE
IIPOJIOJKEHUE IIOCJIEA0BATENBHOCTH K03 pUIeHTOB
B, =L"-y.,n=0,...,L-1. Ecnu 3Ha4eHUs y, U y, , 3HAYUTCIHHO OTINYAIOTCS,

TO NIEPUOAN3ZUPOBAHHAS IIOCJIEI0BATENBHOCTD KO3 UIIUEHTOB
B,..n=0,1...,L-1 Oyner “pa3pblBHa”, IOITOMY BEHBJIET KOO()GHULIUEHTH «,,
npu j<J-1 U 3HaYeHusAX n, 6au3kux K 0, OyAyT UMETh OOJNBIIYI0 aMILTUTY1Y.
C apyro#t CTOpPOHBI, TaK KakK MCIOJIb3yeMble BEMBIIET U MacIITaOHbIE (QUIBTPHI
UMEIOT HEOOJBIIOE YHUCIO HEHYJEBBIX 3JIEMEHTOB, TO KOJIMYECTBO TAKUX
“rpaHn4HBIX” BeUBIET KOA(P(UIMEHTOB HEBEIUKO, UX MOXKHO OTOPOCHTH M HE
UCIIOB30BaTh IpPU aHanu3e CHrHaina. KoauyecTBO W PacnoJIOKEHHE
“rpaHuyHBIX” KOA(G(ULUHMEHTOB Uil (UIBTPOB Pa3HOW JIMHBI MPUBEJICHO B
IIpUII0KeHnU B.

Urak, uro6sl nmoacuutarsh [1JIBII HEKOTOPOro KOHEYHOTO JUCKPETHOTO
CUTHaja, HeOOX0AUMO, YTOOBI €ro JUIMHA L YAOBJIETBOpsUIA YCIOBUIO L =27,
JeN . Ecnu ato He Tak, To I[IJIBII MoxxHO mpoBecTu U0 C 4acThIO CUTHAJA,
JUIMHA KOTOPOM YJIOBJIETBOPSAET 3TOMY YCIOBHUIO, JUOO JIOMOJHUTH CHUTHAN
3HAYCHUSIMHU, PABHBIMU CpPEJAHEMY CHTHalla, MOKa JUIMHA CUTHajga He Oyner
paBHa CTENCHHM ABYX. Eciau K¢ JuIMHa curHama paBHa L=L'-2", J'ell, To
MOXKHO mojicunTath yactuunoe npsimoe I1JIBII, B pe3ynbrare koToporo OymyT
MOJIy4eHbI KO PUITMEHTHI

[{ﬂo’" }n:O,l,m,L’—l ’ {af’" }n:O,l,.A.,L'-Z»"—l J=T =L =2, OJ ’ (1 37)

3amMeTuM, YTO MOPSAJOK HYyMEpalud YpOBHEW paspemieHuss j Yy
NoJIy4eHHBIX B pesyipTate npsimoro [1/IBII maGopa macmTaOGHBIX W BEHBIET
kodddummenToB (132) wmm (133) He mMeer OONBIIOTO 3HAYEHUS. 3a4acTylo,
HyMEpaIuio ypoBHEH pa3penieHus IPOBOAAT B 0OpaTHOM MOPSAKE. ITO 3HAYMT,
YTO JUCKPETHBIN curHan y,,n=0,1,...,L—-1 (L=2",JeN ) Kak Obl ‘“KuBEeT” Ha
HYJICBOM YpOBHE pa3pelieHuss M €My COOTBETCTBYIOT  MacIlTaOHbIE
koo dumentsr B, =L" -y, ,n=0,1,...,.L-1, a B pe3yaprare npsmoro I1J]BII
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(ecTecTBEHHO, B aJNrOpUTME MPWIOKEHUA b Hamo HM3MEHUTh HyMEpaluio
ypOBHEHN pa3pelieHusl j Ha 0OpaTHYI0) HauuMHas OT YpPOBHS pa3pelieHus j=1

JI0 HEKOTOPOrO0 KOHEYHOTO YPOBHS pa3pemieHus 1< j=j,<J ToIy4aercs
CJIenyIoNurii Habop MacIITaOHBIX M BEUBJIET KO (HUIIUEHTOB

|:{ﬂfo”’},1=0,1,...,L/2»"01 ’{a/"”}nzo,l,“.,L/zf—l ,J=12,... ’jOJ : (138)

3aMeTrM, 4YTO TAaKOM HyMepauud YypOBHEW pa3pelieHus , B
KpaTHOMACIITaOHOM aHan3e MpOCTpaHcTBa L’(R) COOTBETCTBYIOT (GYHKIHH

v, (1)=27" 'V/(ij '1—"), a He QyHxmuu vy, (1)=2" -z//(Zj -t—n), KaK OBLIO
paHblIle, T.€. TEIEPh JCTaanu3alus IPOUCXOJUT MPU YMCHBIICHUU j, a HE MPH
YBEIIMYCHHH.

4.7. ®u3u4ecKUuil CMbICJ BeiBJIeT KOI(P(PULHEHTOB
Paccmorpum  nist mpumepa  BeiiBiner JloGemu ¢ N=1. Jlug Hero

h0=h,=1/\/5 )51 g0=1/J§, glz—l/\/z. ITyctp yn:y(%j,nzo,l,...,lS -

paBHOMepHas BbIOOpka HekoToporo curHana y(t)eL’([0;1]) (J=4). Tlo
dopmyne (127) monmoxum g, =y,/4,n=0,1,...,15. Torga BBIYUCIEHHBIA C

nomotipsto npsmoro ITJIBII BekTop ko3¢ dunmenTon (132) umeer Bua

N 1/16-(y0+y1+...+y15)

Q. 1/16'(3715+y14+'-'+y8_y7_y6_--'_yo)

ay | | VB2 (3t e+ v+ yi= =3 =3 = 3)

a 1/8\/5'()’15 TVt Vst Vo= Yu =Yoo= W _J’s)

o | _ 1/8'()’3 =W _yo) _ (139)
x5 1/8'(y15 + Vi —Wi3 _ylz)

2Z%) 1/4\/5-(y1 —yo)

L% ] L 1/4\/5'()’15 _y14) ]

JIns1 MOJIOKUTENBHOTIO LETIOT0 A OIPENEIIUM CKOJIB3SIIEE CPEIHEE JJIMHBI A C
HAYaJIOM B TOYKE n—A+1 U paBHBIMHU BecaMu 10 GpopMyIie

my, (2) :%z . (140)
Torna !
oo =my;s(16),
Qg =1/2 [my15 (8)—my, (8)] ,
oo =1/242 [my, (4)=my,(4)], &, =1/2N2 [my, (4)=my,, (4)],
a,, :1/4-[my3 (2)—my, (2)] s ey Oyy = 1/4-[my15 (2)-my,, (2)] ,
a,, :1/4\/5-[my1 (1)—my, (1)] s e Oyg =1/4\/§-[my15 (1)—my, (1)]
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Takum  oOpa3zom, BeiBieT KOIPQOUIMEHTHI ypOBHS  pa3pelieHUs |
MPOITOPIIMOHATILHEI PA3HOCTSAM (M3MEHEHHSIM) CMEXHBIX CKOJB3SIINX CPEIHUX
mmHBL 2’77 ¢ paBHBIMH BecaMu. MacmTaOHble KO3()PHUIUEHTH ypPOBHSI
paspemieHuss j TPOMOPIUOHANBHBI CKOJB3AIIEMY CpeAHEMY UIMHBI 277/ ¢
paBHbBIMU BecamH. I[lycThb Temepr HUCHONB3yeTCsl MacHITaOHBIA W BEHBIET
buneTpel Jlobemm mmuabel M . Torma B crmity cBoiictB (70), (76), (94), (97) u
(105) dunstpoB MoOemmu, BeiBiIeT KOIPPUIMEHTH YPOBHS pa3perieHus |
MPOITOPIIMOHATILHEI PA3HOCTSAM (M3MEHEHHSIM) CMEKHBIX CKOJB3SIINX CPEIHUX
(277 -1)-(M -1)+1
JUTUHBI 5 C pa3HbIMHU BecamH, a MacuTabHble KOIPPUIIUEHTHI
YPOBHSI paspernieHusi ;j MPONOPIHUOHATBHBI CKOJB3SIMIEMY CPEIHEMY JJIMHBI

(2777 -1)-(M -1)+1 ¢ pasubimMu Becamu [27].

JlommycTuM, YTO W3BECTHA paBHOMEpHAas BBIOOpPKA KOHEYHOH JIMHBI
HEKOTOPOT'0 3aBHCSIIEro OT BPEMEHH CUrHana y, =y(n-t,),n=0,1,...,.L-1, L=2",
J el c4acroroil nuckpetusauuu f, =1/t . Kak yxe ormeuanocs B paszene 2.1,

C® Takoro OAUCKPCTHOIo CUrHala, HOI[C‘II/ITBIBaCMBIﬁ Ha OCHOBC OUCKPCTHOIO

[ID, sBnsieTcss TMHEUYATHIM U 33JIa€TCSI HA OTPE3KE YaCTOT [O;n- fs] B TOYKaX C
27k
abcryccamu f, = — fi,k=0,1,...,| L/2 | (Ha oTpe3Kke 4acToT [0; /,/2] B TOUKaX C

adcuuccamu f, =% fi.k=0,1,...,| L/2 |, ecnu u3mepsTh yactoty B [I'11]). Toraa, B

CHJIy YaCTOTHBIX CBOMCTB BEHBIET M MacmITabHOro (UIBTPOB g,,neZ W
h,,neZ, OTMEUYEHHBIX B pasgene 4.6.1, momydaem, YTO pa3IOKEHHUE IO
HOJANPOCTPAHCTBAM

V,=V, W, OW,®...0W,&...0W, (141)
YIIOMSIHYTOTO ~ JIUCKPETHOrO CUTHaJIa ¢ nomoumpto 1pamoro  [IBII
NpUOIM3UTENBHO 3amaeT pa3OueHue orpeska 4actor [0;7-f,] CD curnama Ha

oTpe3ku Buja [27]

{O,ﬁf‘},[ﬂf,ﬂjf},{ﬂjf,ﬂjf},,[ﬂj_f*,ﬂj_é},,{”f“,yzfs} (142)
2 2 2 2 2 277 27 2

IIpoekuuss Ha NOANPOCTPaHCTBA V, H W, OOHO3HAYHO OIPEAEIAETCS

xko>pdunuentamu S, M «;,, KOTOPBIE MOXHO COIIOCTABMUTb MOMEHTaM

Jsn?

BPEMEHM {~2’7/-n-t,. 3HAUUT, B CWIY 3aKOHAa COXPAaHEHUS SHEPIMU CHUTHaja
(136), kBampar BelBeT KOdpdUIUEHTA ¢, XapAKTEPHU3YET, CKOIBKO JHEPIUM

7S 7S

2J—j ’ 2J—j—1

CUTHaJIa IIPHUXOAUTCA Ha OTPC30K YaCTOT |: :| B MOMCHT BpPCMCHHU

t~2'7.n-t,. AHaNOrM4HO, KBaJpaT MacmTabHOro Kodpduumenra S,

XapaKTCpU3yCT, CKOJIbBKO JHCPIruM CHIHAJla IPUXOIUTCA Ha OTPC30K YACTOT

- »
[O; 2J_f5 } B MOMEHT BPEMEHH ¢ ~2’/.n-t,. 3HAuuT, Ha ocHOBe mpsamoro [IJ[BII
TaK)X€ MOYKHO OIPEHECIUTh, KAaKUE YAaCTOTHBIE COCTABISIOINIME U B Kakue
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MOMEHTBI BPEMEHHU MPUCYTCTBYIOT B cuUTHaje. MOXXHO TakXke CKa3aTh, UYTO
MacmTaOuple  KOodQduuuEeHTel B, HeCcyT HUHGOPMALUIO O TPEHIOBOM,

r106aNbHOM TIOBEJICHMH CHIHAla Ha Macinta®ax pasmepa (2/7-1)-(M -1)+1, B
TO BpPeMs Kak BEHBJIET KOOPOULUUEHTHI ,, HECYT UHPOPMALMIO O JIOKATBHOM
(277 -1)- (M -1)+1

5 :

OTKJIOHEHHUHU CHUTHAJa OT TPeHJla Ha MaciTabax pazmepa

4.8. Ilpumep JABII peanbHOro curaana

Ha puc. 19 uzobpaxen curnan OKI'. Curnan OKI' umeer cnenyrouue
XapaKTEPUCTUKU:
® UHTEpBaJ MEX]y OTcueTaMu paBeH 1/180 c.;
e BpeMms U3MEpPEHHUs paBHO [111.3722 c.;
® CcIMHMUIIBI U3MEpeHus - MB;
® CUTHAJI COUEPKUT L =2048 OTCUETOB, T.€. J =11.

1.5 T T T T T T

lowi |
: X m \ MMWM |

1 L 1 L L 1 L 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

Puc. 19. Curnan OKT”

Ha puc. 20 uzo6paken C® curnana IKI'. Buano, yto CO umeeT NMUKU Kak Ha
HU3KHUX YacTOTax (YTO TOBOPUT O HAJIUMYMM TPEHJAa), TaK M Ha BBICOKHUX
4acTOTax.
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Puc. 20. C® curnana OKI (Bepx), yBenuueHnubiii CO curnana IKI' (Hu3)

Ucnonb3ys pekomenaanuu pazaena 4.6 u anroputM npsmoro [TJBIT u3
npwiokeHuss b, mojcuuThiBaeM MacmITaOHbIE W BEHBIET KOI(PPUIIUEHTHI
curHaia OKI. Ha puc. 21 mnpeacraBinensl rpaduku MacmTaOHBIX
xoobpunuentos S, B, B, a Ha puc. 22 — rpaQuKu BEUBIET

KO3(QQUIUEHTOB o, , @,,, ¢, curHana OKI'. J[nd moacyeToB MCHOIb30BAICH
¢unbTp Jobemm c N=4.

0 50 100 150 200 250

Puc. 21. I'padukn MacmTabHbIx ko3 dunmenTos B, ,, £, f;, (CBEpXy BHH3)
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| | | |
0 50 100 150 200 250

Puc. 22. I'paduxk BeiiBner ko3QpPuUuuenTos o, , @, ,, o, (CBEPXy BHU3)

Kak yxe ynomMumHanoch, MacmTaOHble KOO(QGHULIUEHTH [, HECYT

uH(OPMAIMIO O TPEHIOBOM, IJ100aJIbHOM MOBEJICHUM CUTHAja, B TO BpEeMs Kak
BEUBJIET KOOPYUUMEHTBI ¢, HECYT MH()OPMALMIO O JIOKAILHOM OTKJIOHEHUH
curHasia ot TpeHnaa. [lpownmoctpupyeMm 310 yTBepkaeHue. Hampumep,

UCTIONB3ysl TOJBKO MaciTabHble KOd(PPUIINEHTHI {ﬂ”} o 7, (OCTaIbHBIC
) n=0,1,..2"—

BEUBIIET U MacIITaOHble KO3(P(OULUUEHTHI B Pa3JIOKEHUU KaK Obl MPUPABHUBAEM
K Hymto), npoBoaum obpatHoe IIJIBIT (pesynwpTaT obpatnoro ITJIBII Hamo He
3a0bITh YMHOKHUTH HA L), TTonyunm curran 4, (puc. 23), KOTOPBI ABISETCS

orpy6nennoit Bepcueit curnana OKI' u, mo cytu, mpencrasisier co00il TpeHS.
Amnanoruuno, ecnu ans oopatHoro I1JIBII ucmonb3oBaTh TOIBKO MaciiTaOHBIE

ko3 durments! | ﬂ&n}n=o,1,...,zu , TO TOXE MOJIYUUTCS TPEHI0Basi COCTABIISAIONIAs A,
(puc. 23), mpu >ToM oHa Oyzaer Oonee MHPOPMATHBHOM, T.e. OyAET COAEPKATh
Oompmie Menkux aeraneil. Ecmm mpoBectu obpatHoe IIJIBIT Tombko c
UCIIOJIb30BAaHUEM BEMBIET KO3(PPHUIMEHTOB {0‘7,11},,:0,1,..‘,2771’ TO TMOJYYUTCS

NeTanbHas cocrapisiomas D, (puc. 26), KOTOpYrO Hajo NpuOaBUTh K TPEHIY
A,, 4TOOBl MONXYYUTh TpeHA A,. Tak U AOHKHO OBITh, NOCKOJIBKY BEWBIIET

KOd(ppUIUEHTBI {0‘7,”} cojaepkat uH(popMaluio, KoTopas He0O0XoauMma,

n=0,1,...,2" -1
4TOOBI IEPENUTHU C YPOBHS pa3pelieHust j=7 K 0oiee HHPOPMATUBHOMY YPOBHIO
paspemienust j=38. Ha puc. 23 u3o00paxeHbl TPEHAOBbIE COCTABIAOILIUE A, U
A4,, Ha puc. 24 wnzobOpaxen CP TpeHIOBON COCTaBIAIOIIEH 4,, Ha puc. 25
nzobpaxxen C® TpeHIOBOW cocTaBisOlEel 4,, Ha puc. 26 H300paKeHBbI
JeTaJIbHbIE COCTABJISAOIUE D, U D,, HA pUC. 27 n300pakeHbl yBeanueHHble CD
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JeTallbHBIX cocTaBisomux D, u D,. CpaBHenue C®D neranbHbix D,, D, U
TPEHIOBBIX A,, 4, cocraBmsaommx U CP curHana OKI' mokassiBaeT, 4ToO

pa3ouenne CO curnana DKI' Ha wactoTHBIE OTpe3ku coriacHo dopmyie (142)
JNICUCTBUTEIILHO UMEET MECTO.

| | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

A+ f 1 r [
' I | I I I I | r L l I !I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

time

Puc. 23. I'paduku TpEHIOBBIX COCTABISIONUX 4, U A4, C HAJIO)KCHUEM CUTHAJa

OKTI
5
ZX1D T T T
1.5} =
[
=X
= I
o
0.5 =
oh . .
0 5 10 15 20
time
8000 T T T T T T T T
o=
=L
= i
o
il A L L L L L L
6 8 10 12 14 16 18 20
T, Hz

Puc. 24. C® tpennoBoii cocTaBisoIieii 4, (Bepx) U ero yBeiandeHue (Hu3)
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Puc. 25. C® TpennoBoil cocTaBisoNIe 4, (BepxX) U €ro yBeJanyeHue (Hu3)

| Jlﬁl“qﬂmlm ™

| | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

oo
]
G Ol cafphigf e , A AW 2

A T L 4
C f B RA 4% “ﬂm{ -

|

AE | i i I | f |
' | | | | | | | hl’ l !I

0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

Puc. 26. I'paduiku geTanbHBIX COCTABIAIOMMX D, U D, C HAJIOKEHUEM CUTHAJIA
OKT
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Puc. 27. CO getanbHbIX COCTABISIOMUX D, (BepX) U D, (HU3)

4.9. lekoppesupyioiiee CBOMCTBO BEHBJIETOB

I[Iyctp X (t),t €eR - CTamuOHApHBIM  CTOXAaCTHYECKUU  IPOLIECC,
a,, = j X(t)-w,,(t)dt - BeliBneT ko> puumenTel. Bemonnsercs cnemyromas [28]
_ , .
Teopema 4. [Iycmb y(w)eC”(R), p>1. Toeoa eetignem xosppuyuenmol o, u
m,l
* Hexoppenuposamnsl npu |j—m|>1;
® UMEIOm NPOU3BOTLHO MALYIO KOPPENAYUIo npu |j—m|=1;
® UMeIOm KOpperayuto nopsaokd O(|n—l|_p ) npu j=m.
bonee Toro, mpum OrpaHWYEHHBIX ;>0 W JTIOOBIX j<0 C XOpOIICH
TOYHOCTBIO MOKHO CUUTaTh, 4TO «,, ~N (O,af), rae o, =27 -0’ [23]. 3nauwur,

BeliBiieT kod(pdunuentsr Bektopa (132) ¢ xopomeil TOYHOCTBIO MOYKHO
MOJEIUPOBATh  BEKTOPOM,  KOMIIOHEHTBI ~ KOTOPOIrO  HE3aBUCUMBIE B
COBOKYITHOCTH HOPMAJIbHO PAaCIpPEACIICHHBIE CIIy4alHbIE BEJIUYUHBI C HYJIEBBIM
CPEOHUM.

Ha puc. 28 npuBeaensl rpaguku SMOUPUYECKON KOPPEISIUH CUTHAIA
OKI' u mnocnenoBaTebHOCTEH BEUBIET KOY(POUUHMEHTOB o, o;,, o,

(MakcumanbHbIl Jar paBHsuics 60). BugHo, uyto B ciywae curHaina OKI
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KOppEeJSIMs 3HAUUTEIbHA JaXe Al OOJBIIMX 3HAYCHHH Jilara, B TO BpeMsl Kak
UiA BeuBieT KOA((UIMEHTOB 3HAYCHHUS KOPPEISALUU OCTAIOTCA B Mpeaesax
JOBEPUTEIBLHOIO UHTEPBAIA.

Lag Lag
1 1
0.5 0.5
c =
é‘ 8 ¥ T dco ']
0 [|L'I|"""|]Li‘rhl‘l""'l‘u”|'l'h"l‘n‘ 0 m!""‘“"ln"‘"’"'hllr""l"'l"'*
|} L ] L ] ) i
059 20 40 g0 % 20 40 60
Lag Lag

Puc. 28. Beibopounas aBTokoBapuannontas ¢pyskmnus curaaia KT,
BelBeT KOdPUIMEHTOB o, , «,,, &,

S. Meps! 0J1M30CTH HA OCHOBE BeliBJIeT KOI(P(PULIHEHTOB
5.1. BBenenue

Mepa Onu30CcTH MEXAY TAHHBIMH SIBJISICTCS LEHTPAJIbHBIM MOHSTHEM
OOJBIIMHCTBA AJITOPUTMOB JJIA TOMCKA 3HaHWKM B 0a3zax naHHbiX (data mining
algorithms). Taxke wmepa Onm3ocTH HeoOXoAWMMa TMPU HACHTUPHUKALNAN
MaKpPOIKOHOMHUYECKOH MOJIEIM JJIsi CPAaBHEHMS CTAaTUCTHUUECKHX U PacUeTHBIX
BPEMEHHBIX psAAOB. B JaHHOM KOHTEKCTE BpPEMEHHBIE pPAObl CUUTAIOTCS
ONMU3KUMH, €CITH OHU OJM3KH KakK (yHKIIUU BPEMEHHU (APYTUMU CIOBAMU, MEXKTY
3HAYCHUSIMH BPEMEHHBIX PSAOB CYIIECTBYET CHUJIbHAs, BO3MOKHO HEIMHEHHa,
cBA3b). [ns “cioKHBIX” NaHHBIX, TAKUX KaK, HApUMep, (PUHAHCOBBIE WU
MaKpOSKOHOMHUYECKHE BpEMEHHBbIC psAbl, OObIYHAs Mepa ONM30CTH THUMA
eBKJIMI0BA PACCTOSIHMS, 3a4acTylo He mpuMmeHuma. Ha puc. 29 m3oOpakeHbI
oOmenHble Kypcbl South Africa rand u Switzerland franc nmo ornomenuto k US
dollar ¢ 01.01.90 mo 29.10.93, 1000 orcuéroB. SICHO, YTO ITOJCYMUTAHHOE IS
ITUX PSAAOB €BKJIMAOBO PACCTOSHUE 3HAUYUTEIBHO, XOTs, €CIU YJIAIUTh TPEH U

143



MIPOBECTH TMOAXO/ISINEe MACIITAOMPOBAHNE TI0O OCH OPJIMHAT, OKKETCS, YTO ITH
BPEMEHHBIC PSAIbI UMEIOT cxokee moBeneHue (puc. 30), mpu 3TOM E€BKIIHIOBO
PAcCTOSIHUE 3HAYUTEIHHO YMEHBITIACTCS.

W3 BBHIIENPUBENCHHOTO TpPHUMEpa SICHO, YTO MeEpy OJIM30CTH MEXKIY
BPEMEHHBIMH  PSIIAMH  CJICIyeT pPAcCUUThIBATH HA OCHOBE HEKOTOPBIX
XapaKTEePUCTHUK dTUX BPEMEHHBIX PSIOB, 2 HE HA OCHOBE 3HAYCHHI BPEMEHHBIX
psnoB. [lpuuem 3T XapaKTEPUCTUKH TOJKHBI OBITH POOACTHBI 110 OTHOIIECHUIO
K HATMYHWIO TPCHIa, U3MCHEHHUSIM B YPOBHE M MacmiTade psaa. Taxke, B ciaydae
IPUMEHEHHUsSI Mep OJIM30CTH B AJITOPUTMAX TMOUCKA CXOKUX BPEMEHHBIX PSIOB B
Oonpmmx 0a3ax  JIaHHBIX, XapaKTEPUCTUKU JIOJDKHBI  PACCUUTHIBATHCS
cpaBHUTENBHO ObICTpO. [Ipennaraercs onpenensiTh XapaKTEPUCTUKH HA OCHOBE
BeliBieT kKodpdurreHTon [3].

3.5 T T T T T T T T T

S oagf™ 0 TTWTRY e Switzerland franc vs US dollar |
5 — South Africa rand vs US dollar
[+H)
2z
K
2 2- i
A - . "
1.5 %™ T o Rt Py PRVES 4
u‘*_.“d“ ‘;.-*ﬁp?." Hoae? v\".. P ‘: “‘1\‘.‘.\ ;k:h:-“\. "ﬂ\"' "'_‘ o
-\ '.' “_‘. -~ {’

| | | | | | | | |
0 100 200 300 400 500 600 700 800 900
time

Puc. 29. O6mennsbie kypcol South Africa rand u Switzerland franc no
otHomeHuro Kk US dollar ¢ 01.01.90 mo 29.10.93, 1000 orcuéros
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Puc. 30. O6mennsbie kypcol South Africa rand u Switzerland franc no
otHommeHuro k US dollar ¢ 01.01.90 mo 29.10.93, 1000 oTc4éTOB C BHIUETOM
TPEHJIa U TTOAXOIAIIMM MAacIITAaOMPOBAHUEM 10 OCU OPJIMHAT

5.2. XapaKkTepuCTHKH BPEMEHHOI'0 psiia

XapakTepUCTUKH BPEMEHHOrO psja, oOJiajamIime HeoO0X0IUMBIMH
CBOMCTBaMHM, TOJICYUTAEM Ha OCHOBE BEWBIET KOI(PPHUIIMEHTOB BPEMEHHOTO
pana. Ilycts y={y,,n=0,1,...,L—1} - BpeMeHHOH psax qmuHbl L=2", Jel . B
pasnene 4.6.3 ykazaHO, KaKk MOKHO YAOBJICTBOPUTH TpeboBanme L=2", Jell .
Hcnonb3ys BeiBnersl Jlobemm ¢ Nell HyJIEeBHIMU MOMEHTaMU U IPSIMOE
[IIBII, moxacuuThiBaeM  BeuBaeT KOIDPUIMEHTH o n=0,..,2" -1,

J.n?
j=J-1,J-2,..,0 u MacluTaOHbIi KO3GPuuuenT S, . Ilo stum xosppunmentam
¢ nomotisto obparroro I1JIBIT MOXHO OJHO3HAYHO BOCCTAHOBUTH BPEMEHHOM
pan. U3 paspena 4.4 ciuenyer, 4ro €ClU INOJNOXKHTL [, PaBHBIM HYIO, BCE
OCTaJibHbIE BeEUBJIET KOID(PUIIMEHTHI OCTaBUTh 0€3 W3MEHEHUM U CHeNaTh
obpatnoe I[1/IBII, To pe3ynpTar OyneT Takoi ke, KaK €CJIM U3 psifia y BBIUECTh
MOJIMHOMMAIBHBIA TpeH]1 cTenieHd N —1. HamoMHUM Takske, 4TO JJIsl IIIMPOKOTO
KJIacCa CTOXACTUYECKHUX MPOIIECCOB C XOPOIIECH TOUHOCTHIO MOKHO CUHUTATh, YTO
BEUBJIET KOOPMUIMEHTBI ¢, HE3AaBUCHMBI M PACIIPEIEIICHBI KaK N (0, 27/ ~0'2).

Bbynewm ucnonb3oBaTh BeiiBieT U MaciTabHble GuiibTpsl Jobemm ¢ N =2,
IPHUBEJECHHBIE B NpuIoxeHue A. B 5ToM ciydae BeliBieT K03()GUIMEHTH o, ,
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HE YYBCTBUTEIBbHBI K JUHEHHOMY TPEHAY, T.€. €CIHM PAl y CYTh 3HAUYCHHS
HEKOTOPOH JIMHEHHON QYHKIMH, TO Vj,n—>a;, =0 .

Kak yxe rosopunoch, npumeHenue unpsmoro IIJIBII npuBogur k
NOSIBJICHUST “TpaHWUYHBIX” BeiBier KodpduiuentoB. Ilpu pacuerax Mep
OMM30CTH  MEXJIYy BpPEMEHHBIMU psSJaMH 3TH  “TpaHU4YHbIE”  BEUBIET
ko3¢ uirienTsl HEe OyAyT NpUHUMAThCS BO BHUMaHuUE. /s punbtpoB lobemu
¢ N=2 “rpann4piMu’ KOd()OHULMEHTAMU SBIAIOTCA KOOQQHUIUEHTH o, H

o .

Jj.1
PCKOMCHAYCTCA HCIIOJIb30BAaTh HMCHHO O9TH (I)I/IJIBTPBI, IIOCKOJIBKY B TaKOM
cilydae KOJIMYECTBO “TpaHUYHBIX KOA((PHUIIMEHTOB OyJeT MUHUMAIbHBIM.

npu j=J-2,J-3,..,0 (cm. npuioxenue B). Ilpu pacuerax

J,02

5.3. Aliroput™m nojc4yera Mepbl 0JIM30CTH MeKAY BPEMEHHbIMH PAIAMU

e Ilycts z - BpemeHHOW psan mmwmHbI L=2", Jel . Ucnomnssys Guibtp
Jlobemu ¢ N=2, MOJACYUTHIBAEM BeiiBIeT Kodpduimentsl o)

J.n?2
n=0,..,2"-1, j=0,1,..,J/-1. KomuuectBo BelBieT KOIDPUIUCHTOB
paBHO L—1.

e BrikuasiBaem ‘“‘rpanuusble” BedBieT kKodpduuuentsl. Ilyctb S -
MHOYECTBO Iap MHAEKCOB (j,k) OCTaBIIMXCs BEHBIET KOI(DPUIHEHTOB, a
L, - MOIIIHOCTh MHOXecTBa S . O4eBUIHO, YTO L =L—2-J 1js QuibTpoB
Jobemmm ¢ N=4. Eciu BpeMEHHOW psij JOMOJHSICS 3HAYCHUSIMU,
PaBHBIMM CpPEOHEMY psAla, TO BBIKHJIBIBAEM TAaKXE T€ BEUBIIET
KO3 PULMEHTBI, TPU MOJCYETE KOTOPBIX MCIOJb30BAIUCH 3TU “HOBBIE”
3HA4YEHUS BPEMEHHOTO0 psfa. IIpu aTom L, ymeHbliaercs.

(). 2
- D g (j,n)eS. Habop xoaddunueHTon

(Z)' \2
{3047

',n)eS

z

—

o [lomoxum aE.

=

)

al?),(j,n)eS mpencraBiser cOOON XapaKTEPUCTUKH Psiia, KOTOPbIE, KaK

j.n?

clenyeT W3 YNOMSAHYTHIX B pazgenax 4.9 u 5.2 CBOICTB BeiBier
koa¢dduirieHToB, 1) poOACTHBI MO OTHOUIEHUIO K M3MEHEHHUIO CPEIHETrO
psna, TpeHAy, MaclTabMpOBaHHIO, 2) HMEIOT HYyJEBOE CcpeaHee U
IOCTOSIHHYIO JTUCIIEPCHIO.
() ) _
e Ilycts ;) M a;) - BEKTOpa XapaKTEPUCTHK BPEMEHHBIX PAIOB X H y

n j.n

COOTBCTCTBCHHO (Hpe,unonaraeTc;I, qTo piaabl x U y HUMCHOT OJJMHAKOBYIO

JUIMHY, W, TTIO3TOMY, MHOKECTBO Iap MHIEKCOB S Yy HUX OJIHO U TO Ke).
Mepbl  65M30CTH  MEXAY BPEMEHHBIMH psiaMu x W y Oynem

IIOACYHNTHIBATDH Ha  OCHOBC KOCHMHYCa yrijila MCXKJIYy  BCKTOpaMU

XapaKTEPUCTHK cosa =| Y a(x).aj(.f). Onpenenum  Mepbl  OJIM30CTH

Jsn n
(j,n)eS _

MS, (x,y)=—In(cosa) u MS,(x,y)=1-cosa. Takue mnpeobpazoBaHus
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YOPOILAIOT HUHTEPHPETALMIO 3HAYeHW Mep Onu3ocTu - “manékum”
00BbEKTaM COOTBETCTBYIOT OOJIbIIIME 3HAYEHUSI BBEICHHBIX Mep OJIM30CTH
1 Ha00OpOT.
(2)
e IlockonbKy KOO(Q(UIUEHT ¢, XapaKTepH3yeT M3MCHEHUE B 3HAYCHUSAX

psaga z Ha OIIPCACICHHOM Maciitade B OHpeHeHeHHBIﬁ MOMCHT BPCMCHHU,
TO HMCCT CMBICI OIIPCACIIUTL MCPBbI OJM30CTH HAa OCHOBE 3HAYCHMS

cos B =| > sign (aj(.fn))'sign (af,yn)) L, . Onpenennm MeEpBbI

(_j,n)eS

omusoct MS, (x,y)=—In(cos ) u MS,(x,y)=1-cos . IIpeumy1ecTBo

mep Onmmsoctu MS, (x,y) u MS,(x,y) 1O CPaBHEHHIO C MepaMH OIM30CTH
MS,(x,y) ¥ MS;(x,y) B TOM, YTO 3TH Mepbl OJIM30CTH OIrPaHUYEHBI.
KadecTBeHHOI pasHUIIBI MEXy MepaMu Onusoctd MS, (x,y), MS,(x,y) n
MSl(x,y), MS3(x,y) HET.

BBenennsie Mepbl Omusoctd MS,(x,y) nm  MS,(x,y) XapaKTepH3ylOT,

HACKOJIBKO KOJEOaHWsI BPEMEHHBIX PSIIOB x W y IO OTHOIICHUIO K JTMHEWHBIM
TPEH/IaM 3THX BPEMEHHBIX PSAJIOB CX0xkH. Mepsl Onusoctu MS;(x,y) u MS,(x,y)

XapaKTEPHU3yIOT, HACKOJIBKO HAMPaBIICHUS KOJIeOaHUl BPEMEHHBIX PAIOB X H y
0 OTHOUIEHWIO K JIMHEMHBIM TPEHIAM OTHUX BPEMEHHBIX PSJIOB CXOXKH.
[TockonbKky BeiBieT KOA(h(UIMEHTHl, HA OCHOBE KOTOPBIX MOJCYUTHIBAIHUCH
XapaKTepUCTHKH o) (j,n)eS, TPUOIM3UTEIBHO HE3ABUCHMBI H  HMEIOT

Jjn?

HOPMaJIbHOE PACHpPEACICHUE C HYJIEBBIM CPEIHUM, TO 3HAYCHUSIM Mep OJIM30CTH
MS,(x,y) m MS,(x,y) MOXHO NOCTaBUTb B COOTBETCTBHE HEKOTOphIE YPOBHH

3HAYMMOCTH.

3ameTtum, yto nockoabky IIJIBII ¢ punsTpamu JloOGemu He HHBapUAHTHO
110 OTHOIIEHHIO K 0OpAlIEHUIO0 BPEMEHHU, TO 3HAYEHUSI BBEICHHBIX MEp OJIM30CTH
U3MEHSIOTCA MIPU OJHOBPEMEHHOM OOpalIeHUU BpPEMEHH Y 00OMX BPEMEHHBIX
psanoB. TeM He MeHee, ecnu Uil JBYX BPEMEHHBIX PSIOB MeEpbl OJU30CTH
OpUHUMAIH OJM3KUE K HYJIO 3HaYEHUs, TO MOCce OOpalleHus] BpeMEHU OHH I0-
npexHeMy OyJIyT NIPUHUMATh OJIM3KUE K HYJIIO 3HAYCHMUS.

5.4. TectupoBanue Mep 0JIM30CTH

Jlis TecTUpOBaHUS BBEICHHBIX MEp OJIM30CTH HCIOIB30BAIUCH PSIIbI
obmennbIx KypcoB 30 Bamtor mo otHomeHuto k US dollar ¢ 26.02.91 mo
31.12.98, 2048 OTCUETOB, B3SIThHIC C caiita
www.federalreserve.gov/releases/h10/hist/default1999.htm (Federal Reserve
Statistical Release, USA). B Ttabn. 1 npuBeneHbl 3HaYeHUs Mep OJM30CTH
MS,(x,y) m MSs(x,y) Mexxay Kypcom Switzerland franc u ocranbHBIMH

oOMeHHBIMH Kypcamu. Taxke B Tabn. | mpuBeACHBI pe3ynbTaThl pa3OUCHHUSI
psanoB Ha 10 xjmactepoB ¢ momomisio anroputma k-Means [24] (B cronOiax
yKa3aHbl HOMEpPA KJIACTEPOB, K KOTOPHIM IpHHAANeKaT psabl). [Ipu pazonenun
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Ha KJIacTepbl UCIIONB30BATINChH JIBA TUIIA PACCTOSHUS MEXAY pAfaMu: cs(x,y) —
Ha OCHOBE KOCHHYCa yIJla MEXIy pafaMu H cr(x,y) — Ha OCHOBE Kod(dunueHTa

KOppelsilud MexIy psaamu. Hampumep, s psgoB x Wy  JUIMHBL L
L

-1
DX,
-0

n

L-1 L-1

2 2
:E:'xn ) )/n
n= n=0

. I3 Tabi1. 1 MOKHO 3aMETHTh,

paccTosIHUE HAa OCHOBE KOCHHYCA PaBHO cs(x,y)=1- , @ HA OCHOBE

ko3 purenTa KOppeJsiuuu PaBHO
-1

(xn —mX (L))'(y" RS (L))

~

Il
(=]

n

Cr(x’y)ZI_ 1-1 5 L-1 5
\/Z(x,, —mx (L)) '\/Z(yn My (L))

n=0 n=0

YTO MEXAY BBEJCHHBIMH MepaMu OJM30CTH U pa3OMEHHEM Ha KJIAcTephl, 1O
KpaiiHedr mepe, /uisi mepBbiX 10 OOMEHHBIX KypCOB, CYIIECTBYET pPa3yMHOE
COOTBETCTBHE.

Ha puc. 31 n 32 n3obpaxxkeHa 3aBUCUMOCTb Mep Onu3octd MS,(x,y) H

MS,(x,y) Mex1y obMeHHbIMH Kypcamu Switzerland franc u Australia dollar,

Austria schilling, China yuan, Finland markka, France franc, Hong-Kong dollar
OT BpeMeHH. 3HaueHust MS,(x,y) U MS,(x,y) OLEHUBAIUCH B CKOJIb3AIIEM OKHE

JJIMHOM 256 oTcueToB, Jjis nojcueTa ucnoyb3oBaics 401 orcuer ¢ 01.01.90 no
15.07.91. U3 puc. 31 g mepsl Onusoctu MS, (x,y) BHIHO, YTO OOMEHHbIE

Kypchl 00pa3ylOT KJacTephbl, KOTOpbIC 3aBUCAT OT BpemeHH. [lo Bceil
BUJIMMOCTH, 3TO OCHOBHAsi MPUYMHA, M3-32 KOTOPO#l B TaOu. 1 Ui mocieIHuX
15-20 oOMEHHBIX KYypCOB COOTBETCTBHUE MEXIYy 3HAUEHUSIMU Mep OJIHM30CTH
MS,(x,y), MS;(x,y) ¥ HOMEpPaMM KJIAacCTEpOB, IOIYYEHHBIX C IOMOIIBIO

anroputMa k-Means, He oueHb Xopoiiee. J[pyras npuurHa MOXKET 3aKI09aThCs
B TOM, 4TO PacCTOSIHUSA cs(x,y) M cr(x,y), UCHOJIB30BABIIMECS B aaroputMe k-

Means npu pa3OMEHUU BPEMEHHBIX PSJIOB Ha KJIACTEPhl, YYBCTBHTEIBHBI K
Ham4uio TpeHaa. Jlus  Oosee  TIyOOKOro TECTHpPOBAHHS HEOOXOIUMO
peaM30BaTh HOBBIM BapHaHT ajiroputMa k-Means, rie B Ka4eCTBE PacCTOSHUS
MKy PAJaMH HCIOJIb3YIOTCS MPEIJIOKEHHBIC MEpPbl OJIM30CTH, M CPaBHHUTH
paboTy 3TOro BapWaHTa aJrOPUTMa CO CTapblM BapHaHTOM, KOIJIa
HCIIOJb3YIOTCS OOIIETIPUHATHIE PACCTOSHUS cs(x,y) H cr(x,y).

Ha3zBanmue MS, cs | cr HaszBanwue MS; cs | cr
Switzerland franc | 0.000000 | 9 | 1 | Switzerland franc | 0.000000| 9 | 1
Italy lira 0.058466 | 5 | 8 Germany mark [0.299641 | 9 | 1
Sweden krone 0.062608 | 5 | 10 | Netherlands guilder | 0.303604 | 9 | 1
Finland markka |0.100703 | 5 | 10 Belgium franc 0.325009 | 9 | 1
France franc 0.109240 | 9 | 1 France franc 0333156 | 9 | 1
Netherlands guilder | 0.121748 | 9 | 1 Austria schilling |0.339996 | 9 | 1
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Austria schilling | 0.131483 | 9 | 1 Denmark krone | 0.372077| 9 | 1
Germany mark | 0.132655| 9 | 1 | Portugual escudo | 0.386352 | 5 | 8
Belgium franc 0135643 | 9 | 1 Spain peseta 0.436473 | S | 8
Denmark krone |0.167889 | 9 | 1 Greece drachma |0.441019| 3 | 8
Singapore dollar | 0.172496 | 6 | 7 Norway Kkrone 0.473429 | 9 [ 10
Greece drachma | 0.198106 | 3 | 8 Finland markka |0.521631| 5 |10
Spain peseta 0.201504 | 5 | 8 Irland pound 0.539904 | 4 | 5
Norway Kkrone 0.205329 | 9 |10 Italy lira 0.614722 | 5 | 8
Malaysia ringgit | 0.205636 | 7 | 2 Sweden krone 0.747866 | S |10
Irland pound 0.239764 | 4 | S UK pound 0.798671 | 4 | 4
New Zealand dollar | 0.259035| 2 | 9 Japan yen 1.010746 | 6 | 7
Thailand baht 0.266811 | 7 | 2 | South Africarand | 1.133407 |10 | 3
Portugual escudo | 0.312203 | S | 8 Singapore dollar | 1.283771 | 6 | 7
South Korea won | 0.353527 | 7 | 2 Thailand baht 1.425652 | 7 | 2
Canada dollar 0.421833 | 8 | 3 Malaysia ringgit | 1.769059 | 7 | 2
India rupee 0.432016 | 3 | 3 | New Zealand dollar | 2.156070 | 2 | 9
Australia dollar | 0.462496 | 2 | 9 | Hong-Kong dollar | 2.281796 | 4 | 6
Taiwan dollar 0.480968 | 8 | 2 Taiwan dollar 2.704150 | 8 | 2
UK pound 0.844532 | 4 | 4 Sri-Lanka rupee |2.733781| 3 | 3
Japan yen 0.861759 | 6 | 7 Australia dollar | 3.113271| 2 | 9
Hong-Kong dollar | 0.952756 | 4 | 6 India rupee 3935251 | 3 | 3
China yuan 1.322198 | 1 | 3 | South Korea won |4.328294 | 7 | 2
Sri-Lanka rupee |1.502649 | 3 | 3 Canada dollar 4.488636 | 8 | 3
South Africa rand | 2.597702 |10 | 3 China yuan 6930983 | 1 | 3

Ta6u. 1. 3nauenus mep OnmuzoctH MS, (x,y) u MS;(x,y) BMECTe € pe3yIbTaTaMH
KJIACTEPHOIO aHAJU3A.

3ameTruM, YTO Ha OCHOBe puc. 31 paccMOTpeHHbIe OOMEHHBIE KYpPCHI
BAIIOT BCE K€ MOXXHO MPHOIM3UTEIHHO pa3fAenuTh Ha aBa Kiacrtepa. OcoOeHHO
3TO XOpOWIO BUIHO U3 puc. 32 ans Mepsl Onmuzoctd MS,(x,y). B mepsbiif

kiactep Bxonar Australia dollar, Hong-kong dollar u China yuan (3ToT kiactep
MOHO YCJOBHO Ha3BaTh BOCTOYHOA3MATCKUM), BO BTOPON KJIacTep BXOJIAT
Finland markka, France franc u Austria schilling (310 kiactep MOXXHO yCIOBHO
Ha3BaTh  eBpomneiickum). IlomydeHHble  HaOMIOAEHUS  COTJIACYIOTCA  C
OOLIENPUHATHIM ~ pa30MEHHEM  pbIHKA BAJIIOTHBIX  ONEpaluil  Ha  TpH
reorpaduuecKkre 30HbI aKTUBHOCTH [17].

[IpennoxxeHHbie MEPhI OIM30CTH TAKXKE MO3BOJIIOT M3YYUTh, HACKOIBKO
BpPEMEHHBIE PANIbI OJM3KKM HAa KaKOM-TO OMpEJeTIeHHOM Mmaciitade. s aToro
MO>XHO BBIUYHUCIUTH MEpbl OJIM30CTH, HCIOJb3YS 3HAUCHUS a_(z) TOJBKO IS

jin

KAKOT0-TO OMpEeNeNEHHOr0 YpoBHsA paspemieHuss ;. CoriacHo cBoiCTBaM

BelBIIeT KOA(DPUIMEHTOB 3TO OyJIeT pPaBHOCWIBHO CPaBHEHHUIO CIEKTPOB
COOTBETCTBYIOILIUX BPEMEHHBIX PSZIOB B OIPENEIEHHOM MoJioce 4acToT. Ha puc.
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33 u 34 nmoka3aHo, KaK 3aBUCAT Mepbl OJM30CTH MS,(x,y) U MS,(x,y) MeKIy

obmenHbIMU Kypcamu Switzerland franc u Australia dollar, Austria schilling,
China yuan, Finland markka, France franc, Hong-Kong dollar ot ypoBHs
paspemienust ;. Jns moncuera wucmnosb3oBanuchk 2048 otcuetoB (J=11) ¢
26.02.91 mo 31.12.98. U3 puc. 33 u 34 BUIHO, YTO JJI1 HEKOTOPHIX OOMEHHBIX
KypCOB MEphl OJM30CTH NPUHUMAET OTHOCHUTEIBHO MaJbie 3HAYCHUS IS
HeOoNMbIMX j (HAa JIMHHBIX BPEMEHHBIX MaciiTtabax pasmepa ~2777), mis
IPYTuX OOMEHHBIX KYyPCOB OTHOCHUTEIHHO Masible 3HAYCHHS ISl OONbINX j (Ha
KOPOTKHX BpPEMEHHBIX MacmTabax pasmepa ~2’/). PaccMoTpeHHbIE OOMEHHEBIC
KypChl OISITh MOXKHO Pa3eliuTh HA JiBa KiacTepa. B mepswiil Bxomar Australia
dollar, Hong-kong dollar u China yuan, a Bo Bropo#i — Finland markka, France
franc u Austria schilling. Taxxe MOXHO, TPUMEHSS CKOJB3SIIIEE OKHO (KaK ATO
JENaioCh  BBINIE), W3YYWTh, KaK W3MEHSACTCA Mepa OJIM30CTH MEXIY
BPEMEHHBIMH  psIIaMH  HAa OINpPEACIICHHOM ypOBHE paspemieHus ; (B
OTIpeICTIEHHOM MOJIOCE YAaCTOT) B 3aBUCHMOCTH OT BPEMEHHU.
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Puc. 31. 3aBUcUMOCTb MepbI OIM30CTH MS, (x,y) OT BpEMEHH.
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Puc. 34. 3aBucuMocTb Mephl 611M30CTU MS, (x,y) OT ypOBHS pa3pelleHus ;.

6. BoiejieHue NUKJIHYECKHX COCTABJIAIOIMX ¢ moMombio JIBII
6.1. BBenenue

IIpy aHanu3e BPEMEHHBIX PsIOB KpanHE BAXHOW 3aJadeu Ui aHan3a 1
IIPOTHO3UPOBAHUS ABJISIETCA 3aJada pas3jIoKEHHMM BPEMEHHOIO psaa Ha
COCTABJISIIOLIUE: TPEH, UKINYECKUE COCTABIIOIINE, IyM. Takoe pas3iioKeHue
Ha COCTAaBJIIIOLIME HE €JUHCTBEHHO M 3aBHCUT OT METOJIA, UCIIOIb3YEMOTO IPH
paznoxxeHuu. B kauecTBe TpeHa OOBIYHO HMCHOJB3YIOT MOJMHOM HEKOTOPOH
CTENEHHU, HEU3BECTHbIE KOIPQPUIUEHTHl KOTOPOIO  HAXOAAT  METOJIOM
HaUMEHbBIINX KBaJApaToB. YTOOBI BBLAECIUTH U3 BPEMEHHOIO psijia LUKINYECKHE
COCTABJISIFOLIME, OLICHUBAKOT CIIEKTP 3TOTO BPEMEHHOI'O psAla IOCJIE BbIYETA
TpeHJa U3 BpeMeHHOro psiaa. OObIYHO ISl OLIEHKHU criekTpa npumeHstor [1D.
OpHako Takoi MOAX0/] 3a4aCTyH0 HE JA€T HAJIEKHBIX PE3YJIbTATOB, TIOCKOJIBKY:

e [lonaTme cnekTpa BpPEMEHHOIO psANa MPEANOJAaracT CTAlUMOHAPHOCTH
BpeMeHHOro psaa. Ha mnpakTuke OONBIIMHCTBO BPEMEHHBIX PSIOB
OCTAIOTCSl HECTAIMOHAPHBIMU Ja)Ke MOCJe BRIYMTAHUS TpeHAA (Harpumep,
JUCHIEPCHUST MOXKET 3aBUCETh OT BpeMeHH). [IOHATHO, YTO ‘‘4acTOTHOE
HaIOJIHEHHE” TaKUX BPEMEHHBIX PAJIOB OyJIE€T 3aBUCETh OT BPEMEHHU.
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e Jlnsg OUEHKU crhekTpa TpeOyeTcss OLEHKa 3HAYEHUN KOPPEISIIMOHHOM
(GyHKIIMM BPEMEHHOTO psija JJjisi BCEBO3MOXKHBIX 3HaueHWi jara. Ha
MPAKTUKE Takas OLICHKAa HEBO3MOKHA.

Takum oOpa3oMm, HEOOXOJMM TMOJXO0JA, y KOTOpOro Okl HE OBLIO
BBIIIEHA3BaHHBIX HeaocTarkoB. Ilpemgnaraercs wucnonw3oBars [IABIT s
BBIJICJICHUS] TPEHIA U IIUKJIMYECKUX COCTABJISIIOIIMX BPEMEHHOIO psijia.

6.2. IluckpeTHbI BEHBJIET CIIEKTP

IIycte y= { y,,h=0, 1,...,L—1} - BPEMEHHOU PsiJi C PACCTOSHUEM MEXKIY
OTCUETaMU, PaBHBIM 7, , T.€. YACTOTA IUCKPETU3ALUHU COCTABISIET f, =1/7, . Bynem
CYUTATh, YTO L =2, JeN . D10 TpeOOBaHNE HAKJIAJIBIBACTCS 110 TIPUYHHE TOTO,
yTo HeoOXxoaumo noacuntbiBath [IJIBII psma y .

Utak, o603HauNM W=[ﬂo,o Aoy Oy O, O‘z,o-~-0‘z,3-~-0‘J—1,o--~0‘1_1,21—1_1] - BEKTOp

KO3 UIIUEHTOB, MOACUUTAHHBIX ¢ nomolrsio npsmoro [1/IBII mo psagy y . Jdus
yno0crtBa OyneM 310 0603HauaTh 3anucelo w="W(y), a oopataoe IT1JABII Oynem

2/ -1
-1 2
00603Ha4aTh 3anmceio y =W "' (w). Ilycte P, =) a;, - SHeprus psaja Ha ypoBHE
n=0

paspewiennst j. Onpenenum auckpetHslid BeiBieT crektp (IBC) kak Bektop
pa3MepHOCTH J +1, paBHBIU

P=(By: BB Py (143)
[TockonbKy ypoBeHBb pazpemieHusi j coryiacHo ¢opmyne (142) cooTBeTCTBYyeT
z-f 7,

OTPE3Ky YacTOT [ }, To j—a kommnoHeHta JIBC, kak cimenyer w3

277 77
paBencTBa [lapceBans (135), moka3piBaeT, CKOJIBKO HEPTUUM BPEMEHHOIO psija
COJICPKUTCS B YKa3aHHOM OTPE3KE YacToT.

3aMeTUM, 4YTO OIpEJEieHUE CHEKTpa JAETEPMUHUPOBAHHOIO CHUTHAIa
OTJINYAETCS OT OMNpEAeNIeHUs] CHeKTpa BpeMeHHoro psaa. Ilpu 3TomM B
MPUIOKEHUSX, CIIEKTPHI U IETEPMUHUPOBAHHOIO U CTOXAaCTUYECKOTO CUTHAJIOB
MOJCUYUTHIBAIOTCS, TIO CyTH, MO OAHUM U TeM ke ¢opmyiam [27]. B atom
CMbICJE, BbIIIENpUBEIeHHOE omnpeneneHue [IBC He coBceM KOpPpPEKTHO,
MIOCKOJIbKY HE YYUTBHIBA€T CTOXAaCTUYHOCTh BPEMEHHOro psna. Tem He MeHee,
TAKOT0 “MHKEHEPHOTO  OMNPEICJICHUS IOCTATOUYHO JIJIs MPUIIOKEHUH.

VYkaxxem Ha ocHOBHOE oTiinune JIBC oT 0OBIYHOTO AMCKPETHOTO CIIEKTpa

Ha ocHoBe [1D. Bribopounas nucnepcus BpeMEHHOTO psijia paBHA
1 L-1 1 L-1

2
»_ 1 : (1 _L.L—lﬁ2
15 15n] - Sl (144)

.8 i-2r-k-n _n
THE 3, =Y, exp — Jk=12,...,L-1. Koapdumuents! |y, Kax pa3 u
n=0

COCTABJISIIOT ~OLIEHKY CIIEKTpa BpPEMEHHOro psna. J[aHHOe paBEHCTBO
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o k
IMOKA3bIBACT, KAKOW BKJIAJA BHOCUT KaK/1asd U3 TAPMOHUK HA 4aCTOTC zﬁ [FI_I] B

U3MEHYMBOCTh BPEMEHHOTO psifa, MEpOil KOTOpOH SBISETCS BBHIOOpOYHAS
mucnepcusi. B cuny paBenctBa IlapceBans (135), aHanoruyHoe paBeHCTBO
MO>KHO 3anucath 1 1 [[BC

P. (145)

J

J-1
2
O =

j=0

B cnyusae JIBC kaxpmoe cnaraemoe P, B popmyie (145) orBeuaer 3a BKIan B

HN3MCHYHUBOCTb pPAAA, KOTOpBIﬁ BHOCAT TI'apMOHHKH C YaCTOTaMHU M3 OTPC3Ka

{ﬂ'fs AV

2J—j ? 2J—./—1
“qucteie”’ rapMOHHKH, TaKasds HCTOYHOCTD (BBIpa}KaIOH_IaHCSI B OTPE3KE 4acCTOT, a
HE B KakKOH-TO KOHKpCTHOfI qaCcTOTC, KaK B OGBIqHOM CHCKTpe) ropas3go
IMPCAIIOYTUTCIIBHCC.

] [TockonbKy B peanbHBIX ps/iax PEAKO KOIjJa MNPUCYTCTBYIOT

6.3. MoaeabHbIe NpUMeEpPbI

[IponemoncTpupyem npeumyiiectsa JIBC mo cpaBHEHHIO ¢ OOBIYHBIM
CIIEKTPOM Ha MOJENBbHBIX ITpuMepax. PaccmoTpuM curnan

g (1)=2-sin(t)-C,,1 €[0;87], (146)
rae koHcranra C, BbI6paHa TaK, YTOOBI J':” g (t)dt =0. Onpenenum IUCKPETHBIN
CUTHAJ X

87[ ‘n 12

X = n=12,....2". 147

a2 (147)
ITonoxnum

g (1)= arcsin(sin(m—'tn‘—Cz,t e[0;87], (148)

T

rje KoHcTaHnTa C, BbIOpaHa Tak, YTOObI '[08” g, (t)dt =0. Onpenenum JTUCKPETHBIN

CUTHAI z
87[ ‘n 12
= n=12,...,2". 149
et (149)
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x(t), z(t)

0 2 pi 4 pi B pi 8 pi

yit)

0 2 pi 4 pi B pi 8 pi

Puc. 35. Cunycouna x, nuioo0pa3Hbli CUTHAN z (BEpX) U UX CyMMa y (HH3)

Curnan g, (¢) mpencrasiseT coOoi CHHycOMay, B TO BpEMs KaK CUTHAIl g, (¢)

uMeeT nmioodpasHyro Gopmy. B kauecTBe uccienyemMoro cur{ajia y BO3bMEM
JTUCKPETHBIN CUTHAN y, =z, +x,n=12,..,2". CUrHal y W €ro KOMIIOHEHTHI
n300pakeHbl Ha puc. 35.

[TockonbKy CUTHaN y SIBJISETCSA JUCKPETHU3ALMEN HEMPEPhIBHOIO CUTHAIA,
TO JIJIsl aHAJIM3a y HAaJ0 MCIOJIb30BAaTh TAKHE BEHBIET U MacITaOHbIE (PHIIBTPHI,

KOTOPBIM COOTBETCTBYIOT TJIaJKM€ BEHBIET U MaclTaOHble (QYHKIUU.
[Tpumensimucy GuinbTphl Jobemu ¢ N =10 HyJeBbIMU MOMEHTaMH. J[inHa 3THX
bunbTpoB paBHsieTCs M =20, a COOTBETCTBYIOIIME BEWBJIET W MacliTaOHas
dbyHKIIMU 1Ba pa3a HEMPepbIBHO AU EepEeHITUPYEMBI.
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8000

7000+

6000

5000

< 4000

3000

2000

1000

Puc. 36. IBC monenpHOro curHana y (nepsas KOMIIOHEHTa f;, Bekropa JABC
HE U300pakeHa)

Ha puc. 36 uzo6paxken JIBC monenpHOro curnana x. JIBC umeer nuk
IpH j =3, 9TO CBUIETEILCTBYET O HAIMYMU HM3KOYACTOTHBIX KOJIEOAHUM U MK
IpH j=6, YTO CBUAETENLCTBYET O HAIMYMU BHICOKOYACTOTHBIX KOJEOAaHMIA.
Takum o6pasom, JIBC o00OHapyXMBAaeT [BE LMKIMYECKHE COCTABJISIONINE,
KOTOPbIE HEOOXOIUMO Pa3AeluTh. JJIsg TOr0 ONpPENEIMM IBA BEKTOPA BEUBIIET
koadpunmentoB w'" u w? mo creayromumM popmynam

a..,j=0,1,...4, 0,7=0,1,....4,
al) = )=y " (150)
0,_]:5,7,11, . aj’ka‘]:5:7:“'ll;
ﬂélg =ﬂ0,05ﬂ(§,20) =0, (151)

rac ,Bo,ov{aj,n}
Kod(ppunMeHTsl, oAcYUTaHHbIe ¢ nmoMolbio npsmoro ITJIBIT mo curnamy y .
Hcrmonp3yst nBa HOBBIX BEeKTOpa KOA(h(PHUIIMEHTOB, MOACUUTHIBAEM OOpaTHOE
IIJIBII u noiay4yaeM Ba CHIHAjIa x’:W"(w(')) u z’:W‘l(w(z)), KOTOPBIE

or g J =0T MaciITaOHbIH KOd(PGUIIMEHT W BEUBIIET

n3o0paxkensl Ha puc. 37. Takum obGpazom, JIBC mo3Bonui ¢ 0O4eHb XOPOIICH
TOYHOCTBIO Pa3JeINTh CUTHAI Ha cocTaBistomue. [lompobyeM caemath To ke
camoe, ucnonb3ysi CO. Ilycrs y,,k=0,1,...,2° -1 - a10 I[ID curnama y. Ha puc.
38 wusobpaxena uactb C® P(f,)=|y|] curHama » Ha uacroTax
f, =k/87,k=0,1,...,51. IlpucyTcTByIOT JABa muKa npuMepHo Ha yacrotax 0.16

[Ta] m 1.63 [T'1], cCBUAETENLCTBYIOMIME O HAJWYUE JIByX TapMOHUK B CUTHAJIC
(mamoMuHaeM, 4TO CreKTp Pypbe CUMMETPHUCH, MMOATOMY aHAJIOTUYHBIC TTUKA
OyzeT HaOMI0JaThCs U MIPU YacToTax f,, OMu3kux K 161.48 [I'] u 162.89 [I'1]).

K npumepy, oOHynuM 3HaueHUs y, C 4acTOTaMu f,, OnMM3KMMHU K abcruccam
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Broporo nmnwuka. Ilomyuum II® curHana y, u3 KOTOporo “‘yuanwin’
BBICOKOYACTOTHYI0 rapmMoHuky. Iloacuntaem oOpatHoe I1®. IlomyueHHslit
CUTHAJI OyJleT KOMILIEKCHBIM H3-32 HETOYHOTO “‘ylajeHusi” BBICOKOYACTOTHOM
rapMoHuKu  (“nokanbHas”  Mmogubukauus KodpduIMeHTOB  y,  BHecna

“rmobanpHBIC” W3MEHEHHMS B IIOBEJACHHME CHUTHaAjJa Ha Bced obiactu
onpenesienus ). JlelicTBUTENbHAs YacTh ATOTO CUTHalla M3o0pa)keHa Ha puc. 38.
B npuniumne, moiyyuiaoch BBIACIUTh HU3KOYACTOTHYIO TapMOHHUKY x, HO
TOYHOCTh 3HAUUTEIILHO XYKe, ueM npu ucnoiibzoBanuu JIBC.

1.5+

0.5 : }

x(t), zit)

0 2 pi 4 pi 6 pi 8 pi

1.5- A

P(f)

real x(t)

0 2pi 4 pi 6 pi 8 pi

Puc. 38. C® curnHana y v BOCCTAaHOBJIEHHAS I10 CIIEKTPY KOMIIOHEHTA X
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Eme omHO mpemMymiecTBO MNpeanaraéMoro mnoaxoaa Uil pa3lIeleHUs
BPEMEHHOIO psAla HAa COCTABJIAIOIIME B cieayrwoumeM. Jlomyctum, 4TO BO
BPEMEHHOM psIy NMPUCYTCTBOBAIM rapMoHuku ¢ vacroramu 0.31 [T'u] u 3.26
[['1], mpuyem cHauana Obula “BKJIFOYEHA’ TOJBKO MEpBas rapMOHHUKA, & MOTOM
ObUta “BKJIIOYEHA” TOJIBKO BTOpas rapMoHMKa. [lomycTuM Takxke, 4yTo JBE 3TU
TAPMOHHMKU COCTABIISIOT Kakoi-HUOynb BIl. C® BeimenuT 006e 3TH rapMOHUKH,
HO HHUYETO HE CKaXET O TOM, Kakas W3 HUX B KAaKM€ MOMEHTHl BPEMEHHU
npucytcTBoBana. Torna, onienuBas 3nadeHust bLI, ucciaenosarens Oyaet mpocTo
ckianpiBath 00e¢ rapMoHuku ¢ yactroramu 0.31 [I'm] m 3.26 [I'u], T.e. moaydur
HEBEPHYIO OLICHKY 3HaueHuM bl 3a paccmarpuBaemsblil niepuo BpemeHnu. Ecin
xe ucnoib3oBaTh JABC mist BeIeNeHNs 3TUX TapMOHUK, TO HHPOPMAIUS O TOM,
KOTJla Kakas U3 TapMOHHK OblIa “BKJIIOYEHA”, OyJeT aBTOMATUYECKH yuTeHa M
3TO MO3BOJUT IPaBUIBHO OLUEHUTH bII.

JIeCTBUTENBHO, paccMOTpUM JTVCKPETHBIN CUTHAI

xn,n:I,Z,...,212;
n=22+1,122+2,.,2%’
C®. Ha puc. 40 uzobpaxen [IBC, KOTOpbIi MOICYUTHIBAJICS C UCITOIb30BAaHUEM
¢unbTpoB Jlobemm ¢ N =10 HyneBeiMHM MoMeHTaMu. J[BC umeer nuku mnpu
j=4 n j=7. Tak e, KaK 3TO JI€JaJIOCh BBILIE, IPOBOAUM Pa3JE€ICHUE BEKTOpa
BEWBJIET W MacIITaOHBIX KOA((UIIMEHTOB Ha JBa BEKTOpa, M3 KOTOPBIX C
nomotpio ooparnoro ITJIBIT monyuaem nBe coctaBisonue curaia (puc. 41).
3a uCKIIIOYeHHE HEeOOJIbIINX UCKAKEHU Ha KOHIIAX, COCTABJISIONINE BbIICICHBI
C XOpOILIEN TOYHOCTHIO.

v, = n300paXeHHbIH Ha puc. 39 BMECTE CO CBOUM

Z-4095>

yit)
2

A

-2r ! I I I I ! !
0 2 pi 4 pi 6 pi g pi 10 pi 12 pi 14 pi 16 pi
t

1.5+ b

P(f)

0 0.5 1 1.5 2 2.5 3 3.5
f, Hz

Puc. 39. Curnan y (Bepx) u ero CD (Hu3)
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6000

5000 - .
4000 i
= 3000 .
2000 - .

1000 - i

0 2 4 6 8 10 12
i

Puc. 40. IBC monensHOro curHana y (mepsast KOMHOHeHTa f;, BekTopa JJBC
HEe n300paxeHa)

0 5 10 15 20 25 30 35 40 45 50

30 35 40 45 50

Puc. 41. KoMImoHEHTBI MOJICJIBHOT'O CUTHANa y , BoccTaHOBJIEHHBIE 110 J[BC

6.4. Oco0eHHOCTH AJTrOPUTMA BbIIEJIEHHUSI COCTABJISIIONIAX

Nrak, HCOOX0IUMO pa3/IeIuTh BpEMEHHOM psAJ y JIUHBI L=2, Jell Ha
cocrapisitone. [[ns  9TOro, Ha OCHOBE MAcCIITa0HOTO U  BEUBIET
kodddunuentoB w=W (y) noacuutsiBaercs JABC. Ilycts, nampumep, ABC
MMEET JIBa MHMKA HA YPOBHSX paspelieHus j, u j, > j, +2. [Ipumep Takoro JIBC
n3o0paxeH Ha puc. 42. Pazgenum BekTop K0d(p(UIIMEHTOB w Ha JBa BEKTOpa
xodddurmentos w1 w'” oaMHAKOBOI ¢ BEKTOPOM W JTHHEI IO (hOPMYIaM

" _{aj,k,j:O,l,...,lerl, ) _{0,j=0,1,...,j2—2,
Dk = k=

(04
0,_]:_]1+2,]]+3,J—1, . aj’kyj:jz_lajzr-“]_l;
(152)
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B =P, B0 =0. (153)

[locne wero mnoxcuuthiBaeM obpatHoe IIJIBIT Bexkropo w" um w'”, rte.
BBIIEISEM JBE MCKOMBIC COCTABIISIONIHE y(‘)zW"(w“)) " y(z):W"(w(z)).

TpyaHOCTH BO3HUKAIOT, €CJIM, HAIPUMED, j, = j, +2, T.€. KOIJIa MEXIy NUKAMU
JABC Her mnpomexytka. Ilpumep takoro /IBC wu3o0paxen Ha puc. 43.
HeoOXomuMo —pemuTh, KakoMy HMeHHO u3 BekropoB, w'! wmmm  w?,
IPUINKACHIBATh KO3(PPHUIMEHTHI, Y KOTOPBIX 3HAUEHUE YPOBHS pa3pelIeHHs] paBHO
j = j,+1. IIpemmaraercs ucnoib30BaTh CICAYIOMIUN MOIXO/I.

Ilycte j TakoW ypOBEHb Pa3peIICHHs, YTO SHEPTHs P 3TOr0 ypOBHS
paspenieHus 3akiaroueHa Mexay aByms nukamu JBC (curyanus, aHajgoruyHas
puc. 43). BeiiBier k03 GUIMEHTHI YPOBHS pa3peIieH s j MPUITHAIIEM BEKTOPaM
w" 1 w? o cremyromeMy npasmiy
a(ll T b, a (154)

7 jn? Tjn R
a,+b, a,+b,

rae KodQQUUMEHTsl a, U b, n=0,1,...,2’ —1 BBIYKCIAIOTCA 110 HOPMyIIaM

2 2
a

= + -
— 2 _Jj+L2a J+1,2:n+1
a4, =0 s by = 2 ’ (155)

[x]- o603HauaeT Hemyro yacTh yncna x. [IpuumHa, o KOTOpPOi ObLIN BHIOPaHBI

MMCHHO TAaKWE BECa, 3aKJII0YaeTCs B CICAYIOMEM: KaXIbIi 13 KOA()PUIIUNCHTOB

a;, MOpOXKAAeTCs KOIGUIMEHTOM ;1 H TIOPOKIACT KOIPPHUIIMCHTHI o

n/2 Jj+1,2:n

v o, ITpu takom noxxozne o' +a'’) =a; , T.e. Bekropa w' 1 w'* ocrarores

J+1,2:n+1 " jon Jon -
amumTuBHEIME: W' +w'”) =w. DTo OueHb BaXHO, TaK KAaK TOTJA BhIAEISIEMbIE
KOMIIOHEHTBI TOkKe OymyT anautusHbiMu: y) + y* =~ (w(l) ) +w! (w(z)) =y.

10 T T T T

gL -

P()
T

0 1 1
- i i+ j2-1 j2 j2+1

i

Puc. 42. ITpumep IBC
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10 .

F{)
e

Puc. 43. TIpumep “npodaemuoro” JIBC
6.5. JlekoMIo3uus IKOHOMHYECKOr0 BPEMEHHOI'0 psiia

HpOBGI{GM ACKOMIIO3UIIMIO BPEMCHHOTO psiada y KOJIMYCCTBA IIPOJAAHHBIX

JIETKOBBIX aBTOMoOuien (mr.) B Mecsyy B Mcmanuu, nannsie ¢ 1974, Jan no
1995, Apr (256 oTcueToB). ITOT BpEMEHHOM psiji U300pakeH Ha puc. 44.

M- R

10+ -

Number
~
T
 —
1

k)= ,

Il | | | 1 |
19?24, Jan 1978, Feb 1982, Apr 1986, Jun 1940, Aug 1994, Oct
time

Puc. 44. Konn4ecTBo NpoIaHHBIX MallliH B MIcmaHuM OMEeCsIYHO, TaHHBIE C
1974, Jan o 1995, Apr (256 orcuetoB)
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x 10"

P(i)

Puc. 45. IBC curnana y (mepBast KOMHoHeHTa £, BekTopa JIBC He

n300paxeHa)

[logcuntaeM BeKTOp BEHBIET W MacWITaOHBIX KOA(PUIMEHTOB w,
UCTIONB3Ys BeiBieT W MacmTabHble GuiabTpbl Jobemm ¢ N =8 HyJIEBBIMH
momeHnTtamu. JIBC uzo6paxken Ha puc. 45. Buano, uro JIBC umeeT nuku npu
j=1,3,5. [IpoBenem paszmeneHue BekTopa w Ha deTsipe BekTopa w', wi”, w u
w¥ cormacHo mpeIokeHHOMy B paszene 6.4 mpaBmiy mpu ) =2,4,6. Kak
cenyer u3 paszena 4.7 sekropa w!", w?, w® u w* comepxur nndopmarmmio o
rapMOHHMKaxX CHTHaJla C 4acTOTaMH B oTpeskax | 1;1/2° ], [1/27;1/2*], [1/2°:1/2° | u
[1/23;1/2] (4acTOTBI HMEIOT Pa3MEPHOCTb xeapman ). IlpoBojms oOpaTHOE
IIJIBII, nmnomyuaem cocTaBisiomue curHama TV :W"(w([)),i:1,2,3,4,

n3o0paxeHHble Ha puc. 46, 47, 48 u 49.

121 T T T

11 ‘ “| ‘ i

Number

Il 1 1 1 | |
1 9;4, Jan 1978, Feb 1982, Apr 1986, Jun 1990, Aug 1994, Oct
time

Puc. 46. Kommonenrta T u cxoHbIil BPEMEHHOU psijl y
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10+ A

=]
T
|

o
1

Number

e )il L 1 L L 1
1 9724, Jan 1978, Feb 1982, Apr 1986, Jun 1990, Aug 1994, Oct
time

Puc. 47. Komnonenta 7" 1 ncxoauslii BpeMeHHOH psijl y

Number
-
|

2k 4

Il L L L L L
19?14, Jan 1978, Feb 14982, Apr 1986, Jun 14990, Aug 1994, Oct
time

Puc. 48. KomnonenTa 7" u ucxomHblii BpeMEHHOM psJl y
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Number
Fy
|

Il | | | 1 |
19";14, Jan 1978, Feb 1982, Apr 1986, Jun 1990, Aug 1994, Oct
time

Puc. 49. Komnonenta 7' 1 ncxoauslii BpeMeHHOMH psij y

Cocrasnsromas 7" mpencraBnser  co6oit BIl  (uam  TpeHn).
Coctasnsrone 72 u T npencraBnsior coGoif Gojee BBICOKOYACTOTHBIE
cesonnple konebanusa. Cocrabnsomyro 7' MOXHO paccMaTpuBaTh Kak
IIYMOBbIE KojieOaHUs, OOYCIOBJEHHbIE OOJIbIIE KAKUMHU-TO JIOKAJIbHBIMU
COOBITHSIMM, HPOM3OIIEAIIMMH 332 KOHKDETHBIH Mecsll. JTO HEIIOXO
wuocTpupyer puc. 50, Ha KOTOPOM H300pakeH IpauK CyMMbI KOMIIOHEHT
", 7, T u ucxonHwIi BpeMeHHOI psx v .

11+

10+

Number
~
T
T

-

Il L L L L L
19?24, Jan 1978, Feb 14982, Apr 1986, Jun 14990, Aug 1994, Oct
time

Puc. 50. Cymma komnonent 7" + 7% + 70 u ncxonuslit BpeMeHHOI psij
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Ha puc. 51 wuzobpaxen CO® HCXOTHOTO BpPEMEHHOro psiga (Bepx).
YacToThl IMEIOT Pa3MEPHOCTh keapman ' . [[pUCYTCTBYET Pe3KUi MUK Ha HU3KHUX
4acTOTax, 4YTO TOBOPUT O HAJWYUM TPEHAOBOM coOcCTaBisromen. Eciau
CABUHYTHCS HEMHOTO BIIPaBO, TO okaxetcs, uto CD umeer psj Oosaee MEIKUX
MIUKOB, HE 3aMETHBIX Ha ()OHE HU3KOUYACTOTHOTO MUKA. DTH MUKU YKa3bIBAIOT HA
HaJIMYME BBICOKOYACTOTHBIX COCTABJISIOIINX.

x10™

Pf)

1] 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4 0.45
f, quarter!

0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45
f, quarter!

Puc. 51. C® ucxogHoro BpeMEeHHOT0 psija (BEpX) U €ro yBEJIUYCHUE

Hccnenmyem 4acTOTHOE HAIIOJHEHUE BBIIEJIEHHBIX C IMTOMOIIBIO MPEIIOKEHHOTO
aJIropuT™Ma COCTABJIAIOIINX T(i),i:1,2,3,4. C®D »>THX KOMIIOHEHT ITOKa3aHbl Ha
puc. 52. Kak u ciie1oBajgo 0OXWJaTh, 4aCTOThl, HA KOTOpbIX C® KOMIIOHEHT
MMEIOT OCHOBHBIE MAaKCHUMYMBbI, COBIIQJIAlOT C YacTOTamMHu, Ha KOTOopbix CO
HCXOJHOTO psiia UMECT OCHOBHBIC MAaKCUMYMBEI.
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14 1

2.5
2 41
n | 3r @
e 1.5 T < T
o 1 o 2t
0.5 1 1r
0 0 ——
0 0.02 0.04 0 0.02 0.04 0.06
f, quarter'1 f, quarter'1
11 11
6 X 10. . . . . x10
4 L
4
e 1@ e T“@
o o
2 ] 2 1
0 L VAN ~ MAAL
005 01 015 0.2 0.25 8.1 0.2 0.3 0.4
f, quarter'1 f, quarter'1

Puc. 52. C® kommonent T",i=1,2,3,4.
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A. Ilpunoxkenune: macmradOHble GuiabTpbl {o0emun

N | n h, N | n h,

| 0 | 0.7071067811865475 13| 0.0003537137999745
1 | 0.7071067811865475 | 8 | 0 | 0.0544158422431049
0 | 0.4829629131445341 1 | 0.3128715909143031

5 1 | 0.8365163037378077 2 | 0.6756307362972904
2 1 0.2241438680420134 3 | 0.5853546836541907
3 1-0.1294095225512603 4 1-0.0158291052563816
0 | 0.3326705529500827 5 1-0.2840155429615702
1 | 0.8068915093110928 6 | 0.0004724845739124

3 2 | 0.4598775021184915 7 | 0.1287474266204837
3 1-0.1350110200102546 8 |-0.0173693010018083
4 1-0.0854412738820267 9 |-0.0440882539307952
5 1 0.0352262918857096 10| 0.0139810279173995

4 1 0] 0.2303778133074431 11| 0.0087460940474061
1 | 0.7148465705484058 12| -0.0048703529934518
2 | 0.6308807679358788 13| -0.0003917403733770
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3 1-0.0279837694166834 14| 0.0006754494064506
4 1-0.1870348117179132 151-0.0001174767841248
5 1 0.0308413818353661 0 | 0.0380779473638791
6 | 0.0328830116666778 1 | 0.2438346746125939
7 1-0.0105974017850021 2 | 0.6048231236901156
0 | 0.1601023979741930 3 | 0.6572880780512955
1 | 0.6038292697971898 4 | 0.1331973858249927
2 | 0.7243085284377729 5 |-0.2932737832791761
3 1 0.1384281459013204 6 |-0.0968407832229524
4 1-0.2422948870663824 7 | 0.1485407493381306
5 1-0.0322448695846381 9 8 | 0.0307256814793395
6 | 0.0775714938400459 9 1-0.0676328290613302
7 1-0.0062414902127983 10| 0.0002509471148340
8 1-0.0125807519990820 11] 0.0223616621236805
9 1 0.0033357252854738 12 1-0.0047232047577520
0 | 0.1115407433501094 13 1-0.0042815036824636
1 | 0.4946238903984530 14| 0.0018476468830564
2 | 0.7511339080210954 151 0.0002303857635232
3 1 0.3152503517091980 16 | -0.0002519631889427
4 1-0.2262646939654399 18| 0.0000393473203163
5 |1-0.1297668675672624 0 | 0.0266700579005546
6 | 0.0975016055873224 1 | 0.1881768000776863
7 1 0.0275228655303053 2 | 0.5272011889317202
8 [-0.0315820393174862 3 | 0.6884590394536250
9 | 0.0005538422011614 4 | 0.2811723436606485
10| 0.0047772575109455 5 1-0.2498464243272283
11]-0.0010773010853085 6 |-0.1959462743773399
0 | 0.0778520540850081 7 1 0.1273693403357890
1 | 0.3965393194819136 8 | 0.0930573646035802
2 | 0.7291320908462368 10 9 1-0.0713941471663697
3 | 0.4697822874052154 10| -0.0294575368218480
4 1-0.1439060039285293 11] 0.0332126740593703
5 1-0.2240361849938538 12 | 0.0036065535669880
6 | 0.0713092192668312 131-0.0107331754833036
7 1 0.0806126091510820 14 0.0013953517470692
8 [-0.0380299369350125 151 0.0019924052951930
9 1-0.0165745416306664 16 | -0.0006858566949566
10| 0.0125509985560993 171-0.0001164668551285
11| 0.0004295779729214 18 | 0.0000935886703202
12 1-0.0018016407040474 19 1-0.0000132642028945
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Ucnons3yrorcs wmacmtabubii - puinbtp 4 ,n=0,1,...,M -1 W BEUBIET
¢unetp g,,n=0,1,....M -1 Jlobemn pgmuHBl M ¢ N=M/2 HyJIEBBIMH
MoMmeHTamu. Ilycrs y,,n=0,1,...,L—1 (L =2",Jell ) - HEKOTOPBIM JUCKPETHBIN

CHUTHAJI.

Hpsmoe IT1JIBIT
Hwxe npuBeaeH airoputM, ¢ IMOMOINBIO KOTOPOTO IO MacIITaOHBIM

kod(ppunuenTam ﬂj,n,nzo,l,...,zf—l MOACUYUTHIBAIOTCS KO DUITUEHTHI a,_, "
Biins n=0,..,2""-1. Hcnomp3dys B KaueCcTBE HaYalbHBIX JIAHHBIX
B, =L"-y,n=0,,..,L~1, ¢ HOMOIIBI AITOPHTMA MOXXHO MOCJIEIOBATEIHHO

IOJCYMTATh BEUBJIET KOIPPUIMEHTH n=0,1,...,2 -1 wu wMacmraOHbIle

nd

ko3 duuments g, ,, n=0,1,....,2° -1 npu j=J-1,J-2,...,0.

n2

e For t=0,1,..., 27" -1 do

O u<«2-t+1

o ajfl,,<—go~ﬁj,u

0] ,ijl,t<—h0~ﬂj,u

O For n=12,....M -1 do
" u<«—u-—1
" Jf u<0 then u<«2' -1
" oo, te B
" B Buth B

O end

® end

Oopatnoe I1/IBIIT

Hwxe npuBeaeH aiaroputM, ¢ IMOMOINBIO KOTOPOTO IO MacIITaOHBIM

kodpduuuentam B, ,n=0,1...,2""-1 u  BeliBrer  kodppuHEHTAM

a,,,,n=0,1,...,2" -1  HOJICYUMTBLIBAIOTCS MaclITaOHble KOdPPULUEHTH S, ,

j-ln >
n=0,...,2" —1. Mcrionp3ys B Ka4eCTBE HAYAJILHBIX JaHHBIX KOOQQOUIHMEHTHI f,, U
a,, j=01..,J-1,n =0,1,...,2’ —1, ¢ IOMOIILIO alIropuT™Ma MOXKHO IOJACUYUTATh
MaciTabHble Kodpduuuentsr g, ,, n=0, l,...,2" =1, T.e. BOCCTAHOBUTH 3HAYCHUS
MCXOJHOTO JAMCKPETHOro CUrHana 1o dopmyine y, =L B, .n=0,1,...,27 1.

o [« 2
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o m<«-—1

e For t=0,1,....2""-1 do

O [«I+2

O m«m+2

O u<«t

0 i«1

O k<0

O <& a.,th-p.,

O Biw< 8 auth B,

O If M>2 then For n=12,.,M/2-1 do
" u<u+l
" I u>=2"" then u<0
moji+2
" k<« k+2
" B Butga,th B,
" B BT & T B,

O end

e end

B. Ilpujio:kenue: HoMepa “rpaHM4HbIX” KOIPPULMEHTOB

IIpn nmpumenenun anroputma npsmoro IIJIBII nuckperHoro curnana
HBL  L=2’, JeN, TpHUBENCHHOTO B NPWIOKCHHH b, BO3HHKAIOT
“rpaHuvHbIC” BEHBIET M MacmTaOHble K0dGduueHTol. Jnga j=J-1,J-2,...,0

“rpaHUYHBIMH~ ~ BEWBIET KOXPPUIUEHTAMH  « WIM  MaclTaOHBIMU

Jj.n
koo duuuentamu S, ABIAAOTCA K0P UUMEHTH ¢ HOMEpaMu n=0,1,...,P-1,
rie P=min{Lj,2j } , @ 3HAYCHMSI L, B 3aBHCUMOCTH OT j W KOJIMYECTBA HyJIEBBIX

MOMEHTOB N COOTBETCTBYIOIIECH BEUBIET (PYHKIMH MpPUBEACHHI B Taln. 2.
HamoMHMM, 4TO KOJMYECTBO MAacIITaOHBIX WM BeHBIET KOAX(PPUIIMEHTOB Ha
YpPOBHE pa3pemieHuss ; paBHO 2/, a JJIMHBI COOTBETCTBYIOIIUX (DHIBTPOB

JoGemu paBHbl M =2-N .

N |j=J-1|j=J=-2|j=J-3|j=J-4| j<J-5
1 0 0 0 0 0
2 1 2 2 2 2
3 2 3 4 4 4
4 3 5 6 6 6
5 4 6 7 8 8
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6 5 8 9 10 10
7 6 9 11 12 12
8 7 11 13 14 14
9 8 12 14 15 16
10 9 14 16 17 18

Tabun. 2. 3nauenuns napamerpa L,
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