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Kparko n3naratorcss OCHOBHBIE CBOWCTBA BEHBIIETOB, AUCKPETHOTO ¥ MHTETPAJILHOTO BEWBIIET-MIPE00-
pazoBanmii. [Ipeanaraercss ucmonb3oBaTh BEHBIET-aHAIN3 Il OOHAPYKEHUsI CBEPXIIHUPOKOTIOIOCHBIX
(CHIIT) curnanos Ha doHe nomex. [IpuBoasTCs pe3ysibTaThl YUCISHHOTO BEHBIICT-aHAN3a MOJICIbHBIX
CLUIT curnanos, paccmarpusaetcs npumep ooHapyxenus CLIIT curnana va gpone cnabokoppenupoBan-
HOH agquTUBHON nomexu. D dekTuBHOCTH Takoro Metoaa ooHapyxenust CLUIT curaanos cpaBHUBaeTCs
C METOJIOM COTIaCOBaHHOM (PMIBTPAIMK, OCHOBAHHBIM Ha TPaJUIIMOHHOM NpeoOpazoBaHuu Dypee.

CTHCII0 BUKJIJICHO OCHOBHI BIIACTUBOCTI BEHBJIETIB, IUCKPETHOTO Ta IHTETPaIbHOTO BEHBIIET-TIepe-
TBOpEHb. 3alpONOHOBAHO BUKOPHCTOBYBATH BEHMBIET-aHANI3 JUJIsl BUSIBICHHS HAJIIMPOKOCMYTOBHX
(HLIC) curnanis Ha dowi 3aBaj. HaBeneHo pe3yasTaTi YMCENbHOTO BeliBneT-aHanizy moaensHux HIIC
curHamis, po3nisiHyTo npukian BuseieHHs HIUIC curnany Ha ¢oni ciabokopenboBaHOi aJUTHBHOI
3aBajiu. EQexruBHicTh Takoro metosa BusisjieHus HILIC curnasiiB mopiBHIOETHCS 3 METOJIOM Y3TOJIKe-

HOi Qinprpanii, oOyaoBaHUM Ha TpaJUIIHHOMY TiepeTBOpeHHI Dyp’e.

BBenenne

B nocnennue rogsl MposiBIsSETCS MOBBILICH-
HBIH MHTEpeC K MCIOIb30BAHNIO HETPAJULIMOH-
HBIX BUJOB CHUTHAJIOB B Pa3IMYHBIX 00JIAaCTAX
Hayku u TexHuku [1-4]. K Takum Bugam curha-
JIOB OTHOCSATCS, HAIPUMEP, CBEPXIINPOKOIION0C-
uele (CLIIT) curnanbl, KOTOpBIE B JIUTEparype
MMEHYIOTCA TaKke “HeCUHYCOUJaIbHBIMU, “He-
rapMOHUYECKUMU’, ““HECTAIllMOHAPHBIMU, “CUT-
Hayiamu O0e3 Hecyied” u T. 1. [lociennue yeThl-
pe TepMuHa (0COOEHHO ‘“‘HecTalMoHapHbIE”) HE
SIBIISAIOTCS BIIOJIHE YJaYHBIMU, U JIaJIe€ UCTIONb3Y -
ercst numb TepMuH “CLUII curnaner”. Takue
CUTHAJIBI UMEIOT HE TOJIBKO TEXHOTEHHOE TPOUC-
XOKJIeHHEe, HO U BCTPEYAIOTCS B MPUPOAE: MHO-
T €CTECTBEHHbIE MTPOIIECCHI, B YACTHOCTH B T'€0-
¢uzuke u Gu3MKe OKOIO3EMHOTO MTPOCTPAHCTBRA,
007a1a10T CBEPXIIUPOKUM CIIEKTpoM [5-7]. s
CUIIT curHanoB TpaguliuOHHBIE METOABI AHAU-
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3a BO MHOI'UX ClIy4asix J'II/I6O MPUHIUIINAJIBHO HE-
MMPUMCHHUMBI, JII/I6O HUMCIOT OTpPaHMYCHHBLIC BO3-
MOXXHOCTH, HE€ OTBCYHAKOIIUC NPECABABISACMbIM
TpeboBanusM. [loaTomMy siBIIsIETCS aKTyaTbHBIM
HCCIICIOBAHKME BO3MOXKHOCTU ITPUMEHEHUS MaTe-
MaTHYEeCKOTO ammapara BelBieT-aHanuza [§, 9]
JUTsl OOHAPYKEHUS KPAaTKOBPEMEHHBIX arlepUOIH-
YECKUX MPOIECCOB B OKOJIO3EMHOMU cpejie .

Lenbro HACTOSIICH PAOOTHI SBISETCS OIICHKA
BO3MOXKHOCTH U 11€JIeCO00Pa3HOCTH MPUMEHEHUS
BelBIeT-aHanu3a K 3agade ooHapyxenus: CILIT
CUTHAJIOB Ha ()OHE TOMEX.

OO01ue cBegeHua

1. Ocnogvl eeiieem-ananusa
BeiipneT-aHanu3, Ha3bpIBAGMBIM TaKKe HEKO-
TOPBIMU aBTOPAMH BEUBIIETHBIM aHAIU30M (CM.,
Hampumep, [10]), kak MareMaTUYeCKuil anmapar



HpHMeHeHI/Ie BEHBIICT-aHATN3a K 3aga4ec O6Hapy)KeHI/I$I CBEPXUIMPOKOIIOJIOCHBIX CUTHAJIOB Ha (1)OHC IIoMEX

pa3paboTaH CpaBHUTEIBHO HEJABHO — B CEPEIH-
He 80-x ronoB XX cronerus. TepMmuH “BeiiBner”
(moCTmOBHBIN TIEpPEeBOJ] — MaJeHbKAsI BOJHA, “BOJI-
Hymika”) OblT BBEACH Toraa e I poccMaHoM u
Mopie B CBSI3U C aHAJIM30M CBOMCTB CEHCMHUUEC-
KHX U aKyCTUYeCKuX curHaios [8, 9]. Ha ceron-
HSIOHUN JI€Hb BEWBIIET-aHAIIU3 YK€ Hadall IpU-
MEHSTBCS B 33]jauax pacro3HaBaHust 00pa3oB, MpH
00paboTKe ¥ CHHTE3¢ BCEBO3MOXKHBIX CUTHAJIOB,
IpHU aHaAIM3e M300paKEHUHN Pa3IMuHON MPHUPO-
Il U T. 1. [8-10].

BeiiBneT-npeoOpazoBanue, B 4aCTHOCTH OTHO-
MEPHOT'0 CUTHaJa, COCTOUT B €r0 Pa3IoKeHUH MO
0a3ucy, CKOHCTPYUPOBAaHHOMY W3 0OJajaroriei
ONPEAEIEHHBIMU CBOMCTBAMH JIOKAJM30BAaHHOU
¢dyHKIMY (BelBIeTa) MOCPEACTBOM MacIITa0OHBIX
U3MeHeHuil u nepeHocoB. Kaxnas u3 QpyHKImM
9TOTO 0a3nca XapakTepu3yeT KakK onpeeeHHYI0
MPOCTPAHCTBEHHYIO (MJIM BPEMEHHYIO) 4acTOT-
HYIO COCTaBIISIIOIIYIO CUTHAJIA, TaK U JIOKaJIHU3a-
IUI0 3TOM COCTaBJISIFOIIECH B (DU3UYSCKOM TIPO-
CTpaHCTBe (MM BpeMeHH). B ominume ot Tpaau-
UOHHOTO NpeoOpazoBanus Oypbe, CTaBSIIETro B
COOTBETCTBHE OJJHOMEPHOMY CHTHAIY OJHOMEp-
HYI0 (DYHKIUIO CTICKTPAIbHOU TUIOTHOCTH, BEHB-
JeT-npeoOpa3oBaHue JaeT JBYMEPHYIO pa3BepT-
Ky HCCJIEyeMOro OJIHOMEPHOIO CUTHala, MpH
9TOM YacTOTa W KoopJauHaTa (WJIu BpeMs) pac-
CMaTpPUBAIOTCS KaK HE3aBUCUMbIE ITEpEMEHHBIE.
[Mocnennee o3HavaeT, 4To JUIs BEHBICT-TIpeoOpa-
30BaHUsl YBEIUUCHHE pa3periaronieii criocoOHoc-
TH TI0 OJIHOW W3 MEPEMEHHBIX HE MPUBOIUT K aB-
TOMAaTUYE€CKOMY YMEHBUICHHIO pa3peliarllei
cnocodHocTH 1o Jpyroi. [Tosromy mosiBisieTcs
BO3MO)KHOCTh QHAJIM3MPOBAaTh CBOMCTBA CHUTHAJA
OIHOBPEMEHHO B (PU3NUECKOM (BpEMSi, KOOP/IHHA-
Ta) ¥ B YaCTOTHOM IpocTpaHcTBax. Beliner-mpe-
00pa3oBaHMe UMEET TaKKe OTIMYHE M OT OKOHHO-
ro npeodpazoanus Pypwe (mpeodpazoBanus [ a-
0opa), naroniero AByMepHbIi criektp. OHO 3aKJIFO-
YaeTcs B TOM, 4TO 0a3uc MepBOro cocTasisieT (ak-
THYECKH OJIHA U Ta Ke (YHKIHS, a BTOPOTO — pas-
Hble [8, 9]. Takum 00pa3om, BeliBieT-aHaIN3 00eC-
MEYMBALT JIYUIITyI0 YaCTOTHO-BPEMEHHYIO JIOKaJIH-
3alii0, THOKOCTh aHaJIN3a ¥ BO3MOXXHOCTh BBIOO-
pa Goree MOAXOAIIETO BH/A BEWBIIETA.

Onwumem moxpobHee BOZMOXKHOCTH BEHBIIET-
npeoOpazoBaHys, CyIECTBEHHbIE TIPU PELICHUH
MoCTaBJICHHOM 3a1a4u [9].

1.1. ITonsamue eéenenema

Paccmorpum mpoctpancto L (R) dyHKimit

f (), ompeneneHHBIX HA BCEH AEHCTBUTENBHON

ocu R(—c,+0) u obmagaromuXx KOHEUHOMH
JHEpruen

E, =I|f(t)|2dt<oo.

—00

CkoHCTpyHpyeM (QyHKIIHOHAIBHOE POCTPaH-
CTBO LZ(R) Ha OCHOBE OJHOW crenuduueckoi
¢byHKInU, Tak Ha3piBaeMoro BeiBiera Y(t).

Oynuxius POL*(R) massiBaetcs R-dyHK-
uuei, ecnu 06asuc (Y p, onpelensemMplii Bbl-
pasKkeHHEM

O =22p@1t-k), jkDZ (D)

(Z — MHOXECTBO LEJIBIX YHCEN), SBIIeTCS Oa3u-
com Pucca [8, 9], T. €. CyIIecTBYIOT JBE KOHCTaH-
o A, 1 B,, 0<A, <B, <%, Ui KOTOPBIX CO-
OTHOLIEHUE, HA3bIBAEMOE BEUBIIETHON paMKOH, —

2
2]

Ay < 2 2 G = &/{ o

0
=—ocok=—00

I

BBITOJIHSICTCS TIPH JIF000H OrpaHUYEHHOM, JIBaXK-
JIbl KBaJIpPATUYHO CYMMUPYEMOH MOCIIEI0BaTENb-
HOCTHU {Cjk :

o 0

feul = 3 3 lox

j=—cok=-00

2
‘ < 00,

Jlro6as nokamusosannas R-ynxums (0 L%(R)
Ha3bIBaeTCs R-BeiBiieTOM (MU MPOCTO BEiBIIC-
TOM), €CIH AJIsi Hee CyHIeCTBYeT (QPYHKIIUS
QOL2(R) (ee mapa, ABOMHKK), Takas, 4TO Ce-
MeicTBa {lp jk} u {LIJ jk}, MOCTPOEHHBIE MO MPHH-
Iy cooTHomeHus (1), SBnsStoTcs napHbIMU Oa-
3ucamMu (PYHKIIMOHAJIBHOTO MPOCTPAHCTBA LZ(R).
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3nech {l]ij} — “nBoiHUK” Ga3uca {llek} B
TOM CMBICJIE, YTO CKaJIIPHOE NPOU3BEIEHUE BXO-
JIIIUX B HUX (DYHKIUH yIIOBIETBOPSET YCIOBHIO:

<quk7LIJIm>=6jI6km’
rae
l-lek(t) = ZJ/ZLIJ(th_k)a j,koz,

8, O, — cumBousl Kponexepa.
Torma s mo6oit pyrximn T () DLZ(R) cy-

HIECTBYET PEKOHCTPYKIMOHHAsI (popMmysia BUjA:

00

fR)= 5 (0. 2)

=

Benuuuny ||l]J(t)|| Ha3bIBAIOT HOPMOH (yHK-
muu P(t) ¥ ompeneisoT Kak

W)=, (ww)= [wOdod,

rae (P(t) — GpyHKIMSA, KOMILIEKCHO COTPSKSHHAS

Gynkmn Y(t).
BeiiBner Y(t) HaspIBaeTCSA €AUHUYHBIM, ECITH

basuc { W }
HBIM, €CJIU Hlijk H =1 0Oj,k0O2Z.

Betisner (t) Ha3wpIBa€TCS OPTOTOHATBHBIM,
€CJIM TIOPOKAaeMOE UM CEMEHCTBO {qJ jk} , ofpe-
JiesisieMoe cooTHoIeHueM (1), mpeacTaBiser co-

00l OPTOHOPMHUPOBAHHBIN 0a3uc (HYHKITMOHAb-
2
Horo npoctpanctBa L°(R), T. e.

UMEHYETCI OPTOHOPMHUPOBAH-

<LIij1qJIm>=6j|6km’ j.k,I.mOZ.

J11s OpTOrOHANILHOTO BeiiBieTa Oa3HChI {qJ jk}
v 1Y [ COBNANAIOT U PEKOHCTPYKIMOHHAA (op-
Myna (2) ynporaercs:

00

f(t)= z CieW i (1), (3)

=

Cie =( W) (4)

BeiiBner Y(t) Ha3bIBaeTCS MONTYOPTOrOHANb-

HBIM, ecii ero 6asuc Pucca {qJ k| Y/OBIETBO-
psAET yCIOBHIO
(W W) =0 mpu j=I, Oj,kOZ.

Betisner Y(t) nMeHyeTCsI HEOPTOTOHAIBHBIM,
€CJI OH He SBJISEeTCS MOJYyOPTOrOHAJIbHBIM Beii-
BJIETOM.

CrnenyeT OTMETHTD, YTO MPUHIUITHAIBHO BO3-
MoxkHO pasnoxenne pyukuuu f(t) u mo Heop-
TOTOHAJILHOMY 0a3ucy BelBieToB. Jleno B ToM,
YTO HEOPTOTOHAJILHBIN BEeWBIET, Oyayun R-Beiis-
JIETOM, TIO0 OMNpEeJeNeHUI0 UMeeT JIBOWHMKA, a
MIOTOMY TTO3BOJISIET CO3/1aTh CEMENCTRa {quk} u
{l]ij}, YIOBJICTBOPSIOIINE YCIOBHIO OHOPTOTO-
HaJbHOCTH:

<quk1L|JIm> =0;%m j,k,I,mOZ,

4TO JIJaeT BO3MOXKHOCTh IIOCTPOUTH U Psifl IO BEHi-
BJIETaM, ¥ PEKOHCTPYKIMOHHYIO (opmyny (2).

1.2. Ceoutcmea geiierema
Jloxanuzayus. BeWBieT M0JKeH OBIThH JIOKa-
JIW30BaH KaK BO BPEMEHH, TaK U MO YaCTOTE.
OH uMeer Hynesoe cpednee, T. €.

[t"W(®dt=0, m=0,1,2,...

B 3aBUCHMOCTH OT BEJIMUUHBI 771 BEUBIIET MIPHU-
HSTO Ha3bIBaTh BEMBIETOM 1-T0 MOPSAIKA.

BeiipneT poimkeH 00maiaTh CBOMCTBOM 02pa-
HuueHHocmu, T. €.

[lw®f dt <o,

Asmomodervrocms 6azuca. XapaKTepHbIM
IpU3HAaKOM 0Oa3uca BeWBIET-MpeoOpa3oBaHUs
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HpHMeHeHI/Ie BEHBIICT-aHATN3a K 3aga4ec O6Hapy)KeHI/I$I CBEPXUIMPOKOIIOJIOCHBIX CUTHAJIOB Ha (1)OHC IIoMEX

SIBJISIETCSI €T0 aBTOMOJIEIBHOCTD, TaK Kak Bce Oa-
3UCHBbIC (DYHKIIMU TIOJyYEHBI C TIOMOIIBIO MacIl-
TaOHBIX MPeoOpa30BaHMA 1 CABUTOB U3 OJHOTO U
TOT'O K€ MCXOJHOIO BEHBIIETA.

1.3. Beiignemmnoie paowl

Bepuemcst k Bompocy moctpoeHusi (yHKIHO-
HaTbHOTO mpocTpanctsa L’ (R) Ha OCHOBE OHOIO
BeiiBnera Y(t) u ompemenum CMBICT YHcen j U k.

JIro0oii BelBIIET IOKAJIM30BaH B IPOCTPAHCTBE,
MOATOMY, YTOOBI C €r0 MOMOIIBIO MOKPHITH BCIO
JeHCTBUTEINIBHYI0 0Ch R(—00,+00), BBeieM crcTemMy
CIBUTOB (TIEPEHOCOB) BIOML OCH. J[IsT IPOCTOTHI
BEJIMYMHBI CJIBUTOB BbIOEpeM Lieibivy, T. €. Y(t —K),
rae k — uenoe yncio. B kayecTBe aHamora CHHYCO-
MJAIBHON YacTOThI MCIIONIb3YEM CTENEHU JIBOUKU:
P(2't — k), e j — TaKKe 1esI0e YHCIIo.

Toraa c TOMONIBIO AUCKPETHBIX MACIITa0OHBIX
npeoOpazoBaHUit (]/ 21) Y CJIBUTOB (k/ 21) yna-
€TCsl OMUCaTh BCE YaCTOTHI U MOKPHITH BCIO OCh,
UCIIONB3Ys TOJIBKO OfMH O0a3uCHBIN BeliBeT Y(t).

Jns Takux BEWBIIETOB CHPaBEJIMBO COOTHO-
HICHUE

lw@'t-k)| = 277w ).

Ecnu BeiiBner Y(t) siBIsieTCS] TUHUYHBIM, TO
BCE BEHBJIETHl MOPOXKAAEMOTO MM CEeMeHCTBa
{l]ij} Buja (1) Takxke SBIAIOTCS HOPMUPOBAH-
HBIMU Ha €IMHUILY, T. €. ”llek ” =||ljJ|| =1

Torna mo6as dynxuus () OL(R) moxer
ObITH TIpencTaBieHa B Buae (3), mpuyeMm Kodd-
(uumnenTsI pasnoxenus Cy, AaBacMble BbIpAKe-
HUEeM (4), ompenenstoTcsl HHTErPaIbHBIM BEHB-
JET-TIpeoOpa3oBaHUEM:

01 kO

oy =(F.Wy) =W, TH 5o B ©)

Takum oOpa3om, mapa coorHouienuii (3) u (5)
MPECTaBISIET COOOM BEHBICTHEIE PSIIbI OAHOMEDP-
HOTO BPEMEHHOIO CUTHAJIA.

1.4. Humezpanvnoe geitenem-npeoodpazoeanue

Ecnu nepeiiTu oT AUCKPETHBIX apaMeTpPOB j
U k XK HeNpepbIBHBIM 3HaUeHHUSIM 0a3MCHBIX Tapa-
METPOB — MacmTabHOro ko3dduinenTa a u na-

pamMerpa caBura b, MOKHO CO3/1aTh Apyroi Oa-
3uc pyHKIHOHANTBHOTO pocTpanctsa L*(R). Ba-
3uCHbIE (YHKIIMH OyAyT UMETh BHI:

Wo® =|a ™2 Sl—;bﬁ

alR*, bOR, YOL*(R).
Torna npsiMmoe HHTErpabHOE MPeodpa3oBaHue
MOXHO 3aItucarhb Tak:

Y2 x-b
W, fHa=|4" [ (e 2t
= [ f(OD(0)ct. (6)

OOparHoe WHTErpasbHOe NMpeodpa3oBaHue
JIaeTCsl COOTHOIIEHUEM

dadb
az '

F(0)=Cy'[] B, THa Bwap() (7)

rJe HOpMaJu3yIomni KOd(pGUIMEHT onpesens-
€TCs BBIpaKEHHEM

C, = I|¢(m)|2|w|‘ldw< o,

a (w) — pypbe-obpas pyuxuuu Y(t).

ITapa Beipakenwuit (6) u (7) ompenensieT UH-
TerpajbHOE BEHBIET-IPe0Opa30BaHue OHOMED-
HOT'O CUTHAaJja.

1.5. /Tuckpemnoe eeitenem-npeoodpazoeanue

Kak HenpepsiBHOE BeliBiieT-ipeoOpa3oBaHue,
TaK ¥ BEHBIIETHBIC PSIbI IJIOXO MPUCTIOCOOICHBI
JUIS TPOBEJICHUS] YHUCIIEHHBIX BblYUCIEHUU. bo-
Jiee TOTro, W TIepBOE, U BTOPOE MPeoOpa3oBaHus
JIAIOT BEHBIIET-CIICKTPHI, COJEpIKAIINe H30BITOY-
HOE KOJIMYECTBO UH(POPMAIIHH, T. €. MOTHOCTHIO
BOCCTAaHOBUTH CHUTHAT MOXHO U C MOMOIIBIO
MEHBIIIETO KOJIMYECTBA CHEKTPATbHBIX KOMIIO-
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HeHT. [loaToMy pa3paboTaHo ITUCKpEeTHOE BEHB-
net-nipeodopaszosanue (BII) [9].

Anroputm JIBII umeeT nemo ¢ AUCKPETHBIM
BektopoM f(n), nON, a1d KOTOPOTo BBIUKC-
JI1€TCSl BEUBIIET-CIIEKTP, KOTOPBIH, B CBOIO O4e-
penb, TaKKe SIBISETCS TUCKPETHBIM BEKTOPOM.
Crnenyer oOpaTuTh BHUMaHHUE Ha TO, YTO HEIpe-
pBIBHOE BeHBIIET-Ipe0Opa3oBaHme, pasiaras He-
npepbiBHy0 QyHkiuio f(t) mo HempepbIBHBIM
Gynkuusam Y, (t), JaeT HempepbIBHBIH CIIEKTP
W, (a b). HempepoiBnas gpynxuus f(t) pasna-
raetcs B BEUBIETHBIE PS/IBI IO HEMPEPHIBHBIM
dynkuuam Y, (t), vo cnexrp Wi (i,K) nonyua-
eTcsl yXKe NUCKpETHbIM. /[uckpeTHoe BeiBieT-
npeoOpa3oBaHUe CTAaBUT AUCKPETHBIH CIEKTP B
COOTBETCTBHUE TUCKPETHOMY, @ HE HETPEPHIBHO-
My curHany. OHAKO IMOcieqHee HE SBISCTCS
MPUHIUIINATBHBIM, TOCKOJIBKY TP YUCICHHOM
MOJICIIUPOBAHUY JIF00as HerpepbIBHASI QYHKIINS
npejacTaBisieTcss B MUYPOBOM KOMIBIOTEpE B
JUCKPETHOM BuJe. B To e Bpems cienyer oT-
METHUTh, YTO M CETOAHS CYLIECTBYIOT aHAJIOTO-
BbIC BEIYMCIIUTEIbHBIC MAIINHBI, TII€ HEIIPEPhIB-
Hble (YHKIIMH OCTalOTCS HENPEPBIBHBIMH, TaK
KaK IPEeACTaBISIOTCS aHAIOTOBBIMU CUTHAJIAMH.
Jig TakKuX MaliuH alropuT™ BeliBieT-npeodpa-
30BaHUS TAKXKE CYIIECTBYET M YXKe IPUMEHSET-
ca [8, 9]. dnst opTOHOPMAaIBHBIX BEHBIETHBIX
0a3ucoB Ha JIBOMYHOH pelieTke pa3padoTaHbl
AJITOPUTMBI MHOTOMACIITa0HOTO aHaluM3a
(multiresolution analysis), Hanpumep, MUpamu-
na Jlaraca (Laplacian pyramid) wim moamosoc-
Hoe kogupoBanue (subband coding). Ux MmoxHO
CUHTATh JI0 HEKOTOPO CTENEHU aHaIoTOM ObIC-
Tporo npeodpazoBanus Pypse (bBIID) u o ana-
JIOTHH Ha3BaTh OBICTPHIM BEHBIET-TIpeoOpa3oBa-
uueMm (bBII).

Creqyer OTMETHTH, YTO KOJUYECTBO OIepa-
i, HeoOXoauMBIX i poBeneHus bBII, oka-
3piBaeTcs paBHpiM O(d), e d — pasMepHOCTH
JMCKPETHOTO BeKTOpa AaHHbIX, O — CHMBOJI, 000-
3HAYaOIMKA OJJMHAKOBBIM MOPSAIOK MAJIOCTH Be-
JUYUH. DTO MEHBIIIE, YeM aHATOTUYHOE KOJHYe-
ctBo onepauuil st bIID, kotopoe cocraBiser
O(dlog, d) [9].

Taxum o6paszom, bBIT ouens yno6HO [yist Tipo-
BEJCHHUS YHCIEHHBIX pacueToB M OyneT nanee
UCTIONIb30BaThCS B HAacTOsIIeH pabore.
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1.6. Mooenu geiignemos

Kak yxe ObUIO CKa3aHO BBIIIE, KaXKIblid 0a3uc
BEHBJIETOB CTPOUTCS HA OCHOBE MacCIITa0HpOBa-
HUSI U CMEIIEHHS BJIOJb BPEMEHHOH OCH BCETO
JIIb OJHOW BeHBIETOOOpasyromel QyHKIUH.
IMockonbKy BeWBIET-MIPe0Opa3oBaHUe eCTh CKAIISIP-
HOE ITPOU3Be/IeHNE aHATM3UPYIOLIETO BeiBIeTa Ha
3aJJaHHOM MacIlTabe ¥ aHAJIM3UPYyEeMOro CUrHaIa,
BeiiBneT-criektp CIUII curnana okaseiBaetcst 00-
Jiee JIOKaJIn30BaHHBIM, YeM BEHMBIIET-CIIEKTp Y3KO-
nojiocHoro curxana. Ilepuosa nmocneanero cosrma-
JIaeT ¢ JUINTEeTbHOCThIO camoro GpuauTHoro CLLTT
CHUTHAJIa B TOM CMBICJIE, YTO B/IOJIb OCH @ OH UMEET
(axTHUeCKH Ty e NIMPUHY, & BIOJIb OCH b OH yKe
CIIEKTpa y3KOIOJIOCHOTO CUTHAja BO CTOJBKO, BO
CKOJIBKO pa3 MEHbIIIE KOJIMYECTBO JIETIECTKOB JIaH-
Horo CHIIT curnana no cpaBHEHHUIO C yKa3aHHBIM
Y3KOTIOJOCHBIM.

Bri6op ananu3upyromiero BeliBiera, Kak npa-
BUJIO, OIpeJielisieTcs TeM, KaKkylo HH(OpMAaIHio
HEOOXOMMO M3BJIEYb U3 UCCIENYeMOTO CHTHa-
na. Kax/plil BeBIeT MMeeT XapaKkTepHble 0CO-
OCHHOCTH KaK BO BpEMEHHOM, TaK U B YaCTOTHOM
(B cmbIcie npeobOpasoBanus Dypbe) nmpocTpan-
ctBe. [ToaToMy ¢ moMoIibio pa3HBIX BEHBIETOB
MOXHO TIOAYEPKHYTH pa3Hble 0COOCHHOCTH Of-
HOTO M TOTO K€ aHAJIH3UPYyEeMOro CHUTHaJA.

B nacrosmieit padore s MpoBeeHUS HccTie-
JIOBaHHUU MBI BEIOMpaeM mecTh Hanboee 4acTo
UCIONB3yeMbIX BeliBneToB: HAAR-BeliBierT,
FHAT-BetiBnet, WAVE-BetiBnetr, MHAT-BeiiB-
netr, DOG-BetiBner u BelBier [obOeumn
(Daubechies) [8, 9].

2. Moaesau CIIII curaaJjioB v moMex

2.1. Ilonsamue CIIII cucnana
ITon CIIIT curxamoM MOHUMAalOT CUTHAJ,
MOoKa3areiab IMHUPOKOMOIOCHOCTH |[L KOTOPOTO
ynoBieTBopsiet yciopuio 1< U< 2. Ilo onpene-
neHuo [3]

H=2(f fmin)/(fmax+ f i)

rae f 1 f_ ., —MuUHMManbHas U MaKCUMallb-
Hasi YaCTOThI (PYHKIMH CIIEKTPaIbHOU MJIOTHO-
ctu curHana. Takue CUTHaIbI IEPEHOCIT 00beM
unpopmanuu B H/H,>1 pas Gonbme, yem
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TPaJUIMOHHBIE Y3KOITOJOCHBIE U IIMPOKOIIOI0C-
HbI€ CUTHAJIBI, ISl KOTOPBIX MOKa3aTelb HINPO-
KOIOJIOCHOCTH M, < 1. DTa 0COOEHHOCTH IO-
3BOJIAET Ha KaY€CTBEHHO HOBOM YPOBHE MOJI0M-
TH K PEIIEHHUIO PAa3INYHBIX BOIPOCOB HAYKU U
TeXHUKHU. Tak, Mpu UCTIOIB30BAHUU JIJISl TUCTAH-
[IMOHHOTO PaJN030HANPOBAHUS (B paguoioKa-
nun) CIUIT curaansl garoT BO3MOXHOCTD MOJY-
YHUThH CBEpXpaspemeHue mno gansHoct (ot 0.1 M
IpH AJIUTEIBHOCTH UMITYJIbCA PAUOIOKAIMOH-
noit crammmn Ty = (f,, — f i) =107 ¢). Kpo-
M€ TOTO, OHHM TO3BOJISIOT Ha Oojee BBICOKOM
YPOBHE peliaTh 3ajiaud 00HapyKEeHUs, pacio3-
HaBaHUA U pa3aUdeHUs Iejiel, KoTopble nMe-
10T CHeIMaJIbHOE aHTHPAJJapHOE OKPBITHE (Ha-
npuMep, U3TOTOBJIEHHOE MO TEXHOJOTHHU
“Crenc”), a Tak)Ke MoIy4aTb HEKOOPAMHATHY IO
nHhopManuio o uenu (pazmepsl, GopMa u T. I1.).
CIIIT curHanbsl UCIONB3YIOT TaKXKe B reopaja-
pax s AUCTAaHIIMOHHOTO paJu030HANPOBAHUS
CHEroBOTO U JIEASHOTO MOKPOBOB, MOJMOBEPX-
HOCTHOH paauosiokauuu (ompeaeneHue ryou-
HBI 3aJIETaHUsI pa3HBIX OPOJ, MOUCK BOJBI, 110~
BPEXKJIECHUHN MOA3EMHBIX KOMMYHHKAIMH U 1Ip.),
BCETOTOJIHON ONMKHEW paguoOKaAlNu, s
CBSI3U C NOrPYEHHBIMHU NOJBOJAHBIMU JIOJKa-
Mu Hu T. 1. [1-4]. B[12, 13] obcyxnatores apy-
rue npuMenenus: CUIII curnanos u, B 4yacTHO-
CTH, JJISl HCCJIETOBAHUS OKOJIO3EMHOTO KOCMH-
YECKOTO MPOCTPAHCTBA.

2.2. Tpevosanua k CLLII cucnanam
OcHoBuble TpeboBanus k CIUII curnanam
s(t) [3, 4]:

ds

- = O’
dOJ w=0

1) J’S(t)dt= 0 wm
T

2) s(0)=s(1)=0,

3) s(t) — menpepriBua s tOR.

31ech T — AIUTEIBHOCTh CHTHATIA.

2.3. Ananumuueckue mooenu CUZHAN08
B Hacrosiiiieit pabore Juist Ucclie/IoBaHui OyyieM
HCIIOJIB30BaTh CJICAYIOIINE BEIIECTBEHHBIC BPEMCH-
ubie mopenu CIHIIT curnanos, npeanoxenssie B [ 11]:

s(t) = (=1)" sin(Zmnt D (t), ®)

5,(0 = (-1’ sin(Gmt exg-( 2- ¥)o (),

SO =-n0-n(t-D+2 (-J**n(t-kn-13,

k=I-n
(10)

5,(1) = (-1)" sin(2mt)ex{-| 2- O € ).(11)
s()=(-D"A~ 2= 1)sin(znt ® €), (12)

(1) = (1-]2t-1) cos(4mnt ® ¢), (13)

rae O(t) =n(t) —n(t -1), n(t) — dynxuua Xs8u-
caifna; N =2n mig mepBBIX NSATH CUTHAJIOB U
N=2n+1- nna nocnennero, NJZ, N — konu-
yecTBO JenectkoB CIIIT curnana. OCHOBHBIMH
JIOCTOMHCTBAMHM TaKUX MOJEJEH SIBISIOTCS WX
npocToTa u afekBatHocTh peanbHbM CHIIT cur-
HajJaM €CTECTBEHHOTO M TEXHOTEHHOTO MpPOHC-
XOXKJICHMSL.

Bennumna mokasarens mIUPOKOTOIOCHOCTH
CPaBHUTEIHHO XOPOIIIO OLICHUBAETCS U3 COOTHO-
menuns h=4/N [3].

st onucanus peanbHBIX MPOIECCOB B MPHU-
pOJie, UMEIOIINX CBEPXIIUPOKHI CIEKTp, OyaeM
UCIIOJIB30BATh CIAEAYIONIUE JBE MOJICIIN:

5(1) = (1-tt)exp(-yT)n ), (14)

(1) = (exp(-a,t)- expea,t ) cofktn) ()(15)

Bun moneneit s...s; npuBeneH Ha puc. l.
3aBucuMOCTh S,(t) OMHMCBIBAET MMIIYNbC JaB-
neHus [14], BO3HUKAIOMUNA TPU BO3AYITHOM
B3pBIBE (HAIpUMEp, IPU BETUYUHE TPOTUIOBO-
ro 3KBHBaJEHTa B3pbiBa | MT JJIUTEIBLHOCTH
umIyibsca T, — okoio 4 ¢). 3asucumocts (1)
SIBJISICTCSI U3BECTHOM MOJIEIIBIO OJIMKHUX aTMOC-
¢epuxoB [15]. Jlerko moka3arh, 4TO NpH
B=./0,0, Beipaxkenue (15) onucriBaeT MMEH-
Ho CIIII curnaim.
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Puc. 1. Mooenu eetignemos: a — HAAR-eetignem, 6 — FHAT-setienem, ¢ — WAVE-getignem, e — MHAT-geiignem,
0 — DOG-seiignem, e — geiignem /lobeuu; u CLIII cuenanos: sic —o —mooenu S, — Sy COOMEEMCmMBEeHHO
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2.4. Mooenu nomexu
Hanee B paboTe OyaeM HCIIONb30BaTh MOJIEIU
anIuTHBHOM moMexu N(t), uMeroiieit paBHOMEp-
HOE U HOpMallbHOe pactpesencuue. CMech cur-
Hajla ¥ TIOMEXH 3alHIIeTCsl PU ITOM B BHJIC:

s(t) = (9 + (.

MomHOCTh OMEXHU 33JaeTcs CIEAYIOINMHU
BBIPAXKEHHUSIMU Ul HenpepbiBHOW N(t) M IUCK-
pETHOM N BpeMEHHBIX (QYHKIMI TOMEXH COOT-
BETCTBCHHO:

P =0’ :i}”(n(t)—n)zdt
T4

1
P=g?=—
" N

n

31ech O° — QuCHepCHs ITOMEXH, T, — AnuTens-
HOCTb IIOMEXHU , N, — 4HCIIO0 OTCYETOB.

OTHOIIEHNE CHTHAJ/TIoMexa AJsl HelpepbIB-
HO ¥ JIUCKPETHO 3aaHHBIX 3aBucuMocTeit S(t) u
n(t) Oyaem ompenensTh BhIPAKCHUIMH:

5 ffsg(t)dt
q:_S: T 0 ,
P n
" (- n)de
" (16)
1 5
X
q:ES: 1 NS 1=1
" WZ(nl_n)
ni=1

Pe3y.]'II)TaTI>I aHaJ/JIu3a

[IpeacraBnsieTcs meaecooOpazHbIM UCTIONH30-
BaTh BeWBieT-aHanu3 s onucanust CIHIT cur-
HayioB [16]. DTO 00YyCIOBICHO TEeM, YTO JIFOOOH
BEUBIIET, 110 CYTH Jeina, apisercss umenHo CIIIT
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curHajioM. Takoil BbIBOJI MOXHO CHENarb, CpaB-
HUB TPeOOBaHMSI, NIPEIBSIBIICMbIC K BeHBIETAM
u k CHIII curnamam. O6paTtHoe yTBEPKICHHUE B
oOmeM ciiydae siBjisieTcs HeBepHbIM. OTCroja
caenyet, uto paznoxenue CIIII curnana B 6a3u-
ce, CO3JaHHOM Ha OCHOBE BEHBIETOB, JOJKHO
MO3BOJIMTH Pa3pelINTh OCHOBHYIO IIPOOIEMY, BO3-
HUKAIOIIYI MPU UCIOIb30BAHUU Tpeodpa3oBa-
Husi Dypre, a UMEHHO, OeCKOHEUHOCTh Dypbe-
cnektpa (time-scale spectrum) ¢purutHOTO CIIITT
curnana. OTienbHbIC TOMBITKA B 3TOM Halpas-
nenuun npeanpunumanuchk B CIIIA B 90-x romax
XX Beka [17], oqHako 00 WX pe3yibrarax Ham
MOYTH HUYETO HE U3BECTHO.

1. Paznosrcenue modenwvnwvix CLUII cucnanos
no eeiigremam

MpsI npoBenH pa3iokKeHHe KakJoro M3 Mo-
aenpubix CHIIT curnamnos s,...sq MO cUCTEMam
0a3ucHBIX (YHKIMH, CO3JAHHBIX Ha OCHOBE
HAAR-BeiiBnera, FHAT-BeiiBnera, WAVE-Beii-
Breta, MHAT-BetiBneTa, DOG-BeiiBieTa ¢ mo-
MOIIBI0 MHTETPalbHOTO BEHBIET-MpeodpazoBa-
HUS U Ha OCHOBe BelBieTa J{o6eun ¢ momMoIbio
ObICTpOro BelBIeT-npeoOpazoBanus. Buna uc-
nosib30BaHHbIX BeiiBiaeToB n CHIII curnamos
MmoKa3aH Ha puc. 1.

B xauecTBe nmpumepa Ha puc. 2 mpeacTasie-
HbI HETPEpbIBHbIC BeiiBieT-criektpbl W (8, b) mo-
nenpHoro CHIIT curnana (Mozens ss) IpH HC-
M0JIb30BAaHUU CUCTEMbI 0a3UCHBIX (PYyHKIUH, CO-
3naHHON Ha ocHoBe DOG-BeiiBieTa. BaxHo oT-
METHTB TOT (aKT, 4YTO B TEPMHHAX HHTETPATbHO-
'O BEWBIET-IPe00pa3oBaHusl KaX bl U3 paccMar-
PUBaEMBIX CUTHAJIOB OKa3aJICsl IOKAJIN30BaHHBIM
KaK BJOJIb OCH ITapameTpa MaciiTabupoBaHUs 4,
TaK ¥ BJOJb OCH MapaMeTpa caBura b. YcTaHoB-
JICHO TaKXe, YTO MPU YBEIUYEHUU KOJINYEeCTBa
nenectkoB N CIIII curnana ero BeiBieT-CrekTp
uzMmensiercs. [lpu pukcupoBaHHOHN ATUTEIBHOC-
TH CUTHAJa €ro BEeWBIET-CIIEKTpP Cy>KaeTcs BIOIb
OCH @ U CMelaeTcs B 001acTh MEHBINNX d, a IPU
(UKCHUPOBAHHOM PACCTOSIHUU MEXKIY HYISIMH
CUTHaJsa paciupsercs: Baoib ocu b. K coxane-
HHIO, 00paTHOE HEMPEePHIBHOE BEHBIET-TIpeodpa-
30BaHue B Bue (7) HEMPUTOAHO /I YHCIEHHOTO
moaenuposanus [9]. [loaTomy B mpakTHUECKHX
IEJISIX UCIIOJIB3YeTCsl OBICTPOE BeHBIET-TIpeodpa-
30BaHue [8, 9].
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-50 0 50

a)

-50 0 50 b

Puc. 2. Henpepuwignvie getienem-cnexmpor W(a,b) CLIII cuenana (mooens s5 ) npu ucnonvsosanuu DOG-geiigie-

N=2,6- N=4,6— N=6,2-

ma. a —

N = 8. benviti ygem coomeememeayem MaKcCumymy QyHKyuu,

qeprn”t — MUHUMYM)), zpac)auuu cepoco — NPOMeNCYnMO4HbIM 3HAYEHUAM COOMEENMCMEEHHO

Ha puc. 3 B xauecTBe nmpumepa MpHUBOAATCS
pasnoxenus moaenbHeix CILIT curnanos s, u sg
no 0a3ucy, COCTaBICHHOMY Ha OCHOBE BeWBJIETa
JloGeuu nipu pa3HBIX 3HAYCHUSIX TApaMETPOB CHT-
HaynoB. By Takoro AMCKpETHOrO BeMBIET-CIIEK-
Tpa OTIIMYAETCS OT HEMPEPHIBHOTO BEHBIIET-CIIEK-
Tpa. IT0 00BACHSAETCSI 0COOEHHOCTAMU TOCTPO-
€HUS NMHPaMUJIAIbHOIO aIrOpUTMa, JIEXKAIIEro B
ocHose BBII [9]. 3necs BMeCTO HENmpepbIBHOTO
napameTpa MaciuTaOupoBaHHS @ WCIOJIb3YeTCs
JUCKPETHBIN napaMeTp L, Ha3bIBaeMbIi ypOBHEM
paznokeHNs U IPUHUMAIOIINN TOJIBKO HaTypallb-
HbIE 3HAUYEHUS.

YCcTaHOBIEHO TaK)Xe, 4TO 10 MEpPE yBeIHye-
Hus konudectsa yenectkoB CIUII curnana Beit-
BJIET-CIIEKTP CUTHAJIa MOCTENEHHO MepeMeIaeT-
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cs B obmacth Oojee BBHICOKUMX 3HAYCHUH a H
pacumpsiercst B1oab ocu b. CienoBareiabHO, Beii-
BieT-criekTp CIUII curnanaos Xopouio JIoKaau3o-
BaH BJI0JIb 00EHUX KOOPJIUHAT, a TI0 Mepe Hepexo-
na ot CIIII curHanoB K y3KOMOJOCHBIM OH Cy-
IICCTBEHHO pa3MbIBaeTCS M CMELIaeTCs.

2. Oopamnoe eetienem-npeoodpazosanue
mooenvnvix CHIII cucnanos

3amaaumMcst ENbi0 MPOCISANUTh, KaK 3aBUCUT
(opMa BOCCTAaHOBICHHOTO CHTHAJIa OT KOJIWYE-
CTBA B3SITHIX YWICHOB JUCKPETHOTO BEHBIET-TIPE-
00pa3oBaHus MPU OTCYTCTBUU ITYMOB. UTOOBI
KOJIMYECTBEHHO ONIPEACIUTh MEPY CXOJICTBA BOC-
cranoiieHHoro S(t) u mcxomuoro S(t) curna-
JIOB, BBEJICM CJICAYIONIUE KPUTEPUH:
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Puc. 3. Beiisnem-cnexmpor bBI1, ocnoéannozo na eetieneme [obeuu, ons CLUII cuenanoe. Mooens s,: a— 1=0.4,
6—-1=0.1, ¢- 1=0.05. Modens sg: 2— a,=50, a,=2; 0— a,=50, a,=5; e— a,=50, a,=8. Benui
ygem coomeemcmeayem MakCumMymy QyHKYull, YepHblil — MUHUMYMY, epaoayuu cepoeo — NPOMENCYMOUHbIM 3Hd-
YeHUSIM COOMBENMCIEEHHO
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00

[ (s - (9)’dt

A= (s—%)z === — , (17)
S (9 J'Soz(t)dt
- Is(t)%(t)dt
B= s() (9 _ =1 , (18)
$(1) Isoz(t)dt

—00

C=\A>+(B-1)0>. (19)

Oyuknunonansl A(S(D), B(H1) u C(s(¢)) wus-
MEHSIIOTCS B Takux mnpeaenax: 0<A<A4,
-1<B<1, 0<C<4/17.

MunuMmanbHoe 3HaYeHne GpyHkunonana 4 co-
OTBETCTBYET TOKAECTBEHHOCTH BOCCTaHOBJIEHHO-
TO ¥ Pa3JIOKEHHOTO CUTHANa, a MAKCUMaIIbHOE —
UX TOJHON aHTUKOppensuuu. M HaoOopoT, Mu-
HUMallbHOE 3HaYeHne (PyHKIHMOHANa B o3Havyaer
AHTHKOPPEJSILIMIO YKa3aHHBIX CUTHAJIOB, a MakK-
CUMallbHOE — HMX MOJHYI0 TOXJIECTBEHHOCTbD.
CnenoBarenbHO, YeM MEHbINE A ¥ ueM OOJIbIIe
B, TemM TouHee BOCCTaHABIMBAETCS paccMaTpH-
BaeMblil CUTHAJI. J[pyrMMH CIOBaMH, aJITOPUTM
BOCCTAaHOBJICHUS curHana S(t) cBomuTCs K MH-
HuMu3anuu Gynkiuonana A(S(1)) mpu oqHOBpe-
MEHHOW MakcuMmu3aluu (yHkinuoHana B((1)).
HopmupoBaHHOCTH BBEJEHHBIX (YHKIIMOHAJIOB
MO3BOJISIET CPABHHUBATH PA3JIOKCHUS PA3THUHBIX
CUTHAJIOB TI0 0a3rcaM pa3HbIX BEHBIET-QyHKIHNA
HE3aBUCHMO OT MapaMeTPOB CaMHUX CHTHAJIOB U
GasucHbIXx (yHkiuit. @ynkiuonan C(s(f)) ss-
JsieTcsl HeJTMHEHHON KoMOMHaue pyHKInoHa-
aoB A(S(t) u B(1), cayxur o60061ieHHOM
KOJIMUYECTBEHHON XapaKTEPUCTUKOW KadecTBa
BOCCTAHOBJICHHS CUTHala U TpeOyeT cBoei Mu-
HUMH3AIIMH.

Ha puc. 4 npuBeeHbl pe3ynbTaThl BOCCTAHOB-
nenuss CHIIT curnana (Monens sg) ¢ IOMOILBIO
OBICTPOTO BEHBIIET-IPE0Opa30BaHMs, OCHOBAHHO-
ro Ha BeiBiere Jlobeur. MOKHO BUICTH, KaK C
POCTOM KOJIMYECTBA YYTCHHBIX YPOBHEH pa3zio-
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JKeHHsl L BO3pacTaeT TOYHOCTH NPEACTaBICHUS
BOCCTAHOBJIEHHOT'O CHTHAJa.

Heo0xonmumo 0oTMETUTB, YTO AJIsl IOJIIHOTO BOC-
cranosienust CIIIT curnamos, moxXokux Ha Oa-
3HUCHBIE BeWBJIETHI (CM. puc. 1), oka3bIBaeTcs J10c-
TaTOYHBIM HCIOJIb30BaHHUE MIECTH (MOJETH S, ... S5)
UM ceMU (MOJIENH S¢ U Sg) YPOBHEH pas3iokKeHus,
a JUIsl MEHee MOXO0XKHX (MOZENb §,) HYKHO 3aj1a-
BaTh OJJMHHAJLATh — JBEHAJAATh YpOBHEW. B oT-
JMYKe OT mpeodpazoBanus Oypee, e npu yaaie-
HUM Han0OJIee BBICOKOYACTOTHBIX KOMIIOHEHT (Y-
pre-cnektpa y CIIII curnana mosBisiFOTCS JIHII-
HHe (JIOKHBIE) JIETIECTKUA M CIIIAXKUBAIOTCS TIepe-
Ta/ibl, XapakTep UCKaKeHUH MPH OTCEYeHNH Jac-
TH BEHBIIET-CIIEKTPa, COOTBETCTBYIOIIECH OOMBIITNM
HOMEpaM ypOBHE! pa3iioKeHHsl, HECKOIbKO HHOH.
[Tpu yBenuyeHun Ynciia OTOpachIBaeMbIX YPOBHEH
paznoxenus Bpemennas gynaknus CLIIT curnana
CTaHOBHTCSI Kak Obl Bce Ooiee M3pe3aHHOW, HO
HOBBIE JIETIECTKH He nosBsioTcs. [locnennee Bax-
Ho ang CHIII curnana, HOCKOJIBKY yBETUUEHUE
KOJINYECTBA JIETIECTKOB MPUBOJUT K yMEHbIIIe-
Huto M, 4To BechMa HexenarenbHo. Kpome Toro,
coobmenue, neperocumoe CLUIT curnainom, co-
JEPKUTCS B ero popmMe. YKazaHHOE MOBEJICHNUE MO-
KET OOBSICHATBHCS 0COOCHHOCTSIMU CaMoro Oaswuc-
HOTO BEHBIETa, TaK KaK U3BECTHO, YTO UCIONIB3Y-
eMblil 31eck BeliBieT Jlobeun mmeeT (pakTaib-
HYyI0 CTpyKTypy. Kpome Toro, mpu yBennueHUH
YHCia 0TOPAChIBAEMBIX YPOBHEH pa3iioKeHUs Ha
€/IMHUILY KOTMYECTBO TOUEK, KOTOPBIMHU MTPEACTaB-
JIEH CUTHAJI, yMEHbLIAETCS B JIBa pasa.

Takum 00pa3oM, OYEBUIHO, YTO AJISI IPEACTAB-
nenusi CIUIT curnanos Gosee MpeAnoOYTUTETHHO
UCTIONIb30BaTh MUMEHHO BEHBIIET-NIPe0Opa3oBanue,
a He npeoOpaszoBanue dypre, Tak Kak 4aCTOTHO-
BpEMEHHas JOKAJIU3alUsl MepBOT0 OKa3bIBACTCS
Beiie. K Tomy sxe BBII paboraer 3ameTHO ObICT-
pee, ueM BII®, mockonbky TpeOyeT MEHBIIEro
KOJIYECTBA MTPOU3BOAUMBIX OTIEPAITHI (CM. BBIIIIE).

3. Oonapyxcenue CIUII cucnana
Ha ghone a0oumueHoll nomexu
Paccmotpum 3amaqy 06 oonapyxkenuun CLUTT
CUrHaja Ha (POHE AJTUTUBHON IIOMEXH C UCIIOJb-
30BaHMEM BeHBIET-IpeoOpa3oBanus. [Ipumene-
HUE BelBIeT-aHaIu3a IMEPCIICKTUBHO KaK OJid
obOnapyxenust CILIT curuaaoB HCKyCCTBEHHOTO
MIPOUCXOXKICHHUS, TaK U PA3JIMYHBIX KPaTKOBpeE-
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- 1 1 1 1 =1 L 1 | L
-2 0 2 t -2 0 2 t
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§C T T T Te) s[ T T T )
n L=9
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-1 | L I -1 I | | [
-2 0 2 ‘ -2 0 2 t
s E T T T 1] )K) sC T T I 1] M)
=5 1=10
0 0
_1 L 4=0.103 B=0.897 d g 40 . r
-2 0 2 t ) 0 2 t

Puc. 4. Boccmanoenenue CLIII cuenana (moodens sg) ¢ nomowwio BBII, ocnoeannozo na eetieneme Jobewu:
a — UCXOOHbILL CUSHAT, O — e20 Gellglem-CNeKmp, 8 — M — — B0CCIAHOGIEHHbII CUSHAL NPU PA3HBIX 3HAYeHUsX L.
Ilynkmupom 0b603nauer ucxoOHwlil cueHan. 3navenus yukyuonanos A u B, sadasaemvix coomunowenusimu (17) u
(18), xapaxmepu3zyrom cmenenb cX00Cmea UCXOOHO20 U BOCCMAHOBIEHHO20 CUSHANIO8
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So

a) s T T T

()
N’

L=5 4=0.43 B=0.86 g—4.8

L=6 A=0.79 B=0.87 ¢=2.5

L=1 A=1.0 B=0.03 ¢=3.4 L=7 4=1.3 B=0.88 g=1.5

-Sr | | | 0 —5C | | | 1
0 1 2 3 t 0 1 2 3 t
S T T T Mr) § C T T T M H)
L=3 4=0.65 B=0.34 ¢=14 L=8 4=2.73 B=0.88 ¢=0.9
I R ST Y N AL et T
=S | | | 0 =5r I I I 1
0 1 2 3 t 0 1 2 3 t
S T T T T

[ 0m § [ I=12 4=4 B=0.88 ¢=0.04
L=4 4=027 B=0.73 ¢=13

Puc. 5. Qunvmpayus CLUII cuenana (modens s;) ¢ nomowwio gelisnema JJobeywu npu omHoueHuu CusHal/nomexd
Ha éxooe setignem-gurvmpa Oy = 0.1 (Hopmanvnoe pacnpedenenue nomexu): a — UCX0OHBI cusHal, 6 — aoou-
MUBHASL CMECh CUSHANA U NOMEXU, 8 — K — OCCMAHOBIEHHbIN cueHan npu pasuvlx L. [lynkmupom oboznauen
UCXOOHBLU cueHal. 3uauenus gynkyuonanos A u B, 3aoasaemvix coomuowenusmu (17) u (18), xapaxmepuzyrom
cmenenb cXo0cmea UCX0OHO20 U BOCCIMAHOBILEHHO20 CUSHATLO8
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MEHHBIX allepUOAMYECKHIX MPOILIECCOB €CTECTBEH-
HOT'O IPOUCXOXKICHUS, KOTOpBIE, 001a1as CBepX-
HIMPOKHUM CIIEKTPOM, MOTYT OBITh OTHECEHBI K
CIIT curunanaM. OTa ujaess OCHOBaHA Ha TOM, YTO
JIOKaJH30BaHHbIE 0a3ucHbIe (QYyHKIMM BEHBIET-
npeoOpa3oBaHHs B Topa3no OonblIel Mepe Io-
XOKH Ha paccMaTpHBaeMble CUTHAJIBI, 4eM Oa3uc-
Hble (YHKIMU TPAJUIIMOHHO IPUMEHSIEMOTO TIpe-
oOpaszoBanust Dypbe.

B kadecTBe KONMMYECTBEHHBIX KPUTEPUEB, OTIH-
CBHIBAIONINX COOTHOIICHHSI MEXIY HCXOTHBIM,
3alTyMJICHHBIM U BOCCTaHOBJICHHBIM CUTHAJIAMH,
OyJeM Hcroab30BaTh Beipakenus (16)-(19).

[MocpencTBOM YHCIEHHOTO MOJICIHPOBAHHUS
YCTAHOBIICHO, YTO ITPH BOCCTAHOBICHUH CHT'HA-
Jla UIMEETCS ONITUMAIBHOE KOJIMYECTBO YPOBHEH
Pa3NoKCHHS, KOTJIA, C OJHOW CTOPOHBI, CUTHAI
yKe TOCTAaTOYHO BOCCTAHOBIICH, a C IPyTOH CTO-
POHBI, MOIITHOCTB IIOMEXH €IIIe HEZI0 CTAaTOYHO Be-
JIMKA, 9TOOBI 3HAYUTENLHO U3MEHHUTD JOPMY CHT-
Hana. [Ipomecc Boccranosnenus CLIII curna-
JI0OB MOKa3aH Ha MpHMepPe MOJENHU S5 Ha puc. 5.
KadecTBO BOCCTaHOBIEHHOTO CHUTHAJIAa U OTHO-
HICHUE CUTHAJI/TIOMeXa ¢, KaK U CJIEA0BAJI0 OXKH-
JaTh, 3aBUCST OT CTEIICHH TIEPEKPBITUS BEHBIIET-
CIEKTPOB CUTHAJa U MOMEXH.

OnTuManabHOE YUCIO YPOBHEH pPa3ioKeHHS
Ha MpaKTUKe yAOOHO OIMpENeNsiTh C MOMOIIBIO
rpadukoB, H300paxeHHBIX Ha puUc. 6. B kaxmgoi
U3 YETBIpeX IPpyN I'pa)uKOB MPUBEACHBI 3aBH-
CUMOCTH (YHKIHOHAIOB A U B, a TakKe OTHO-
HICHUS CUTHAJI/TIOMeXa ¢ OT KOJIM4eCTBa UCTIOIb-
30BaHHBIX TIPU BOCCTAHOBJICHUH CHTHAJIa YPOB-
Hel BeiiBner-passiokeHus L. Ha Bcex KpuBBIX
pOMOMKaMH TOKa3aHbl MapaMeTpbl BOCCTAHOB-
JICHHOTO CHTHasia Ha (oHe moMexu, KBaJIpaTH-
KaMH — B OTCYTCTBHE IOMEXH. BepTukanbHbie
JVHWAH, COCAUHSIONNE TI0 TPU rpaduka, COOT-
BETCTBYIOT ONTHUMalbHOMY 3HaueHUi0 L. OHO
BBIOMPAETCS 110 MUHUMAJIbHOMY 3HaYCHUIO (PyH-
kiuonaia A= f(L). B ciyuae paBencrsa 3Ha-
yeHui (QYHKIMOHAIOB A ANs pasHbIX L mpen-
MNOYTEHHUE OTJACTCSI TOMY, Ui KOTOPOTO BBILIE
sHauenune pynkiuonana B = f(L). Jpyroii cmo-
co0 ompe/eneHus ONTUMaIbHOTO 3HaYeHuUs L co-
CTOWT B MCIOJb30BaHuM QyHKIMoHaNa C BMeC-
To (ynknuonanoB 4 u B. CooTBETCTByIOLIHE
rpaduku mpHUBEIEHBI Ha puc. 7.

3.1. 3asucumocms I¢phekmuenocmu memooa
OMm COOMHOWIEHUA UHMEPBAN08 KOPPEIAUUU
CUZHAIA U nomexu

PaccmoTpuM 3aBUCUMOCTD (DYHKIIMOHAJIOB A,
B w1 ¢ Ha BbIXOzE BeWBIeT-QUIBTPA OT OTHOILIE-
HUSI MHTEPBAJIOB KOPPEJSIIIMU TIOMEXH U CUTHAJa
r =T,/T, Ha ero BXoJe NpH Pa3HbIX L.

YcTaHOBIEHO, YTO IO MEpe YBEIMUYEHUS 7 Ka-
YECTBO BOCCTAHOBJIEHMs CHUTHaJIa yXyAIIaeTcs,
YeMy COOTBETCTBYET POCT A M yMEHBIICHUE ¢.
Tax, nanpumep, 1 Mmozgenu ss npu g, =1 (¢, —
OTHOIIICHHE CHUT'HAJ/TIOMeXa Ha BXOJe BEHBIET-
¢unptpa), L=4 (L = 6) 1y paBHOMEPHO pac-
npenenenHoi momexu npu r = 21073 + 510"
A=0.134+ 0.939(A=0.016+ 1.811),

C=0.167+ 0.994 (C =0.101+ 1.814),
g=316+ 2 (q=128+ 1) coorBercTBeHHO. A IS
HOPMQJIbHO pAacIpele€eHHON TIOMEXH IMpH
r=1.6M10°+1.2

A=0.132+ 0.877 (A=0.018+ 1.834),
C=0.188+ 1.046 (C =0.018+ 1.907),
g=511+ 2 (q=117+ 1) cooTBeTcTBEHHO. 3Ha-
YeHHe B CyIIEeCTBEHHO HE MEHSETCS. DTO CBA3a-
HO C T€M, YTO BEHBIIET-CIIEKTP MOMEXH CMEIIaeT-
cs1 B 00J1acTh MEHBIIHX L, Bce Oosee mepexphiBa-
SICh CO CIIEKTPOM CaMOT0 CUrHaja. B Takom ciy-
4yae cama MmoMexa MOCTEMeHHO TepecTaeT OBITh
CI1abOKOPPEIIUPOBAHHOM.

3.2. 3asucumocms I¢phexkmuenocmu memooa
om euoda CIII cuznanos

MonenupoBaHue TIOKa3ao, 4To MpH yBeInye-
Huu konudecTna JenectkoB CILUIT curnana (uemy
COOTBETCTBYCT YMCHBIICHUEC ITOKA3aTCJId €ro min-
POKOIIOIIOCHOCTH) ¥ COXPaHEHUH €T0 OCTOSIHHON
JJIUTCIIBHOCTH Ka4€CTBO BOCCTAHOBJICHUS CUT'HA-
Ja TakxkKe yXyamaercs. JJis Mozienu s;, Hapumep,
mpu N =2+ 40, 0y =1, r =210 s HopmMaTs-
HO pacrpeJesieHHOH nmomexu umeeM: L =5+9,
A=0.021+ 0.119, B=1+0.978, C=0.02%1 0.121,
g = 230+ 18 cooTBeTCTBEHHO. YXY/AlIEHNE Kaue-
CTBa BOCCTAHOBJICHHUS [TPOMCXOIUT M3-3a CMeIlle-
HUS BEHBJIET-CIIEKTpa CHI'HaNa B 00JacTh OOJIb-
mux L, T. €. HaBcTpeuy crekTpy nomexu. OqHako
IIPU 3TOM M CaM CHTHall TIOCTENICHHO MepecTaeT
OBITH CBEPXIIMPOKOIIOIIOCHBIM, CTAHOBSICH OOBIY-
HBIM y3KOIIOJIOCHBIM CHTHAJIOM.
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Puc. 6. 3asucumocmo ¢ynxyuonanos A, B u omnowenus cuenan/novexa g om KoIuuecmsed YumeHHuLX YPOGHell
paznoncenus L ons pazneix mooeneii CLUII cuenanoe.: a — mooennv s, 6 —M0Oeib S, 6 — MOOEND S, 2 — MOOEb Sg.
Pomburamu 0603nauenvl napamempuvl 60CCMAHOBIEHHO20 CUSHALA HA PoHe NOMeXU, K8BAOPAMUKAMU — 8 OMCYN-
cmeue nomexu. Bepmuxanvhvle iunuu Ha epagurax coomeemcmayiom OnmuMaIbHOMY 3Havenuo L
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Puc. 7. 3asucumocmo gynxyuonana C u OmHoweHus CUSHAN/NOMEXA § OM KOLUYECIEA YUMEHHbIX YPOGHEll pa3-
nodicerus L ons pasuwvix modeneti CIUIT cuenanos: a — mooens S5, 6 — mooels Sz 6 — MOOENb S, 2 — MOOETb Sg.
Pomburamu 06031aueHbl napamempul 60CCMAHO6IEHHO20 CUSHANA HA (POHE NOMeXU, KGAOPAMUKAMU — 6 OMCYM-
cmeue nomexu. BepmuxanvHole TUHUY HA 2DAGUKAX COOMEEMCIMBYIOM ONMUMATLHOMY 3HAUeHUio L

Bribop Mozmenu curHaia Takke OKa3bIBaeT
BJIMAHUC HA HOJ'Iy‘-IaCMI)II\/i PE3YIbTAaT, TaK KakK pas-
HbIC MOJC/IM MMCIOT pPa3HbIC IO HIMPHUHE BEHB-
JeT-CIIeKTPBI, KOTOPbIE B Pa3HOM CTENeHH Tepe-
KPBIBAIOTCS CO CIIEKTPOM TTOMEXH.

3.3. Cpaenenue pe3ynromamnos
eeiignem-ananu3a u ypve-ananuza
OcoOblif MHTEpEC MPEACTaBIsET CPaBHEHHE
pe3yabpraroB ontuManbHol ¢unsTpannn CLUIT
CUTHaJia C IOMOIIBIO BEWBIET-MPeoOpa3oBaHus
U TPAJAULMOHHON QUIBTpAlMK C TPUMEHEHHEM
(dypbe-ananusa.
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B pabore ans aTHX 1eneldl MPOU3BOAMIACH
coriacoBaHHasi PUIBTPAIIMS C UCTIOIb30BAHHEM
npeoOpazoBanus Oypee, KOraa aMIUIUTYTHO-4Ya-
CTOTHAs XapakTepuCcTHKa (QUIbTPA COBIANACT C
U3BECTHBIM CIIEKTPOM HCKOMOro curHana. [lo-
JTyYEHHBIE PE3YNIbTAThl MOKA3bIBAIOT, UTO CUTHAI,
BOCCTAHOBJICHHBIH ¢ TIOMOIILIO BeliBiaeTa Jlobe-
YU, HECKOJILKO M3pPEe3aH, HO HE UMEET JIOKHBIX
JenecTkoB. B TO ke BpeMs CHUTHal, MONY4YeH-
HBI MPU COTIACOBAaHHOU (PHIIBTpAIUU C TTOMO-
el ipeodpasoBanus Dypre, XOTS W TIAJOK,
HO UMEET HECKOJIbKO JIOKHBIX JICIIECTKOB, 4TO
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qis CHIIT curaana sBHO HeXenarelbHO, TaK Kak
OCHOBHOW HMH(OPMAIMOHHOW XapaKTePUCTHKOM
CILIT curnana siBasieTcsl UMEHHO ero (opMma.

3.4. 3asucumocms Iphexkmusnocmu memooa
Om OmHOWEeHUs CUZHAN/NOMeXa
[IpeacraBisier Takke MHTEpPEC M3ydeHHUE 3a-
BUCUMOCTH (yHKUHOHANOB A, B, C u oTHOIIe-
HUS ¢, COOTBETCTBYIOIINX ONTHMAIbHOMY 3Haue-
HUIO L WM TOJYYaroluXcs MPH COTIIaCOBaHHOM
¢unprpanu B Qypbe-aHanu3e, OT OTHOUICHUS
CUTHAJI/TIOMEXa HMCXOJHOTO (BXOJHOI'0) 3alllyM-
JIeHHOro curHana (,. Tak, nanpumep, 114 Moze-
AU S5 C HOPMAJIbHO PAaclpeieNeHHON aJuTHB-
HO¥M momexou mpu N =2, r =1.6010° s
0o =10+ 0.01npu ucnonb3oBaHNM BeHBIIET-TIpe-
oOpa3oBanus (mpeodpasopanus Dypee) umeem
COOTBeTCTBeHHO: L =6+ 4,
A=0.002+ 0.409 (A=0.051+ 0.275),
C =0.027+ 0.421(C=0.112+ 0.292),
q=10°+ 6 (q=400 + 8).3nauenus dynximo-
Hasa B mpakTuuecku Ha u3MeHstorcs. Hanbomee
MHTEPECHO TO, 4TO JUIsl (PyHKIMOHANa 4, KOTo-
pBIi OTBevaeT 3a moxoOue BOCCTAHOBIECHHOTO U
MCXOZHOTO CUTHAJOB, CYIIECTBYET 3HAaYCHUE
Qo = 0.1, xoraa npenmymiecTBo BelBIeT-HHUIBT-
paumu nepen Qypbe-QuiasTpanneil NpaKTuIecKu
ucye3aeT. ITO CBSI3aHO C TEM, YTO aMILIUTY/A
BEHBIIET-CIIEKTPa MOMEXHU HAPACTACT C yMEHbIIIE-
HHEM (|,, ¥ BEHBIET-CNIEKTPbI CUTHAIA U ITOME-
XM HaYMHAIOT 3aMETHO NEPEKPHIBATHCSI.

Oo6cyxnenue

HpOBeILeHHI)IC HUCCIIEAOBaHHUA ITOKa3ajiu, 4TO
BeiiBeT-npeoOpa3oBaHie UMEET MPEUMYIIECTBO
nepes TpaJulMOHHBIM TipeoOpasoBanneM Dypoe
npu perieHny 3aaadn ooHapysxenust CLIIT curna-
7a Ha (OHE AATUTUBHOH CI1a00KOPPETUPOBAHHOM
nomexu. C OIHOM CTOPOHBI, 3TO CBS3aHO C XOPO-
1Iel JIOKaIu3auueil BeHBIET-CIIEKTPa TAKUX CUT-
HAJIOB, TOT/IA KaK UX (Dypbe-CIeKTp ropaszo Iupe.
C npyroii ctoponsl, BeliBieT-criektpsl CLUIT cur-
HaJla ¥ TIOMEXH B OTIHYHE OT (Pyphe-CHEeKTpOB
MEePEKPBIBAIOTCS c1a00. DTO MO3BOJISIET PA3ACIUTD
CHUTHAaJ U TIOMEXY, TIOYTH He UCKaxkasi POpMy CHT-
Hana. J{ns CHIIT curnana nocneanee umeer nep-
BOCTENIEHHOE 3HaueHHE.
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Jns xaxporo xonkpetrHoro CIIIT curnana
clelyeT nmoaouparh HauboJee TOX0KUN Ha HETO
MPOU3BOMSIINI BEUBIET, HA OCHOBE KOTOPOIO
3aTeM CTPOSATCS COOTBETCTBYIOIIHE Oa3uMCHBIC
¢yukun. B takom 6azuce BeiiBner-criexrp CLUIT
curHasa Oyjier HauboJjee y3KuM, TaK Kak ero pas-
JIO)KEHHE 10 BEHBIIETaM, IO CyTH JieJa, SBISIETCS
paznoxkenneM uMeHHO 1o 6azucy CIUIT curna-
7a. DTO JOJKHO TaKXKe HECKOJIBKO IOBBICHTD
KaueCcTBO BOCCTAHOBJICHHUS CUT'HaJIa Ha OHE I0-
Mmexu. Eciu ke yka3aHHasi TOX0KECTh HEBEIINKA,
TO BEHBJIET-CIIEKTp cUrHasa OyneT Oojiee mupo-
KHM, 4TO TIPHUBEJET K OONbIIEMY ero MepeKpbl-
THIO CO CIIEKTPOM TIOMEXH, a CIeA0BaTENbHO, U K
XyAIIeMY KaueCTBY BOCCTAHOBIEHHOTO CUTHAIA.

Bwmecte ¢ Tem CJICAYET OTMETUTDH, UTO ITpaK-
TUYECKas peaiu3aiusi NOA00HBIX PaUOTEXHHU-
YEeCKHX CUCTEM, OCYIIECTBISIONINX OOHAPYKEHUE
CILIT curHasoB Ha (hoHE MTOMEX C TIOMOIIbIO BEH-
BJIET-aHAJIN3a, CBA3aHa CO 3HAYUTEIbHBIMU TPY/I-
HOCTSIMH KaK TEOPETHYECKOTO, TaK ¥ PaKTHYeC-
Koro xapaktepa. [lo cymiecTBy, peub UueT o He-
00XOAUMOCTH CO3/JaHHSI COOTBETCTBYIOIIHX
CBEPXIIHUPOKOIIOJIOCHBIX YCTPOUCTB IpUEMa U
00pabOTKU CUTHAJIOB, a TaKXKe HEOOXOJIUMOCTH
WCTIOJIb30BaHUsI MOLIHOTO OBICTPOJICHCTBYIONIE-
ro KOMITBIOTEpa Il 00CCTICUEeHHUs TOCTaTOUHON
OIEPATUBHOCTHU MOJIy4EeHUS pe3ynsraros. 1 To u
APYroe CBA3aHO CO 3HAYUTCIIbHBIMU MaT€puaib-
HBIMU 3aTparaMu.

33 80:7011 8

1. ITokazaHo, YTO KaXK/IbIi BEUBIIET SBIISETCS, TIO
cytu, CLUIT curnanom. IToatomy paznoxenne CLLUTT
CHTHAJIa 110 BeHBJIETaM — ATO Pa3JIoKeHHe 1o 0a3u-
cy CIUII curnanos. Takoe pa3iokeHHE SBISETCS
€CTECTBEHHBIM, a 3HAYUT, YPPEKTUBHBIM.

2. YcraHoBineHo, uTo BeiBner-cnexktp CLIII
CHTHaJla OKa3bIBaeTcs J0CTATOYHO JIOKAJIN30-
BaHHBIM 10 00euM KoopauHatam. [IpuwumnHoi
JOKanu3aluu BeBIeT-crnekTpa GUHUTHOTO
CILIIT curHana mo cpaBHEHUIO ¢ O€CKOHEYHBIM
criektpoM Dypbe ABISETCS CXOACTBO CaMOro
curHaia ¢ 0a3ucHbBIMH (QYHKUUSIMH BEHBIET-
npeoOpa3oBaHusl.

3. BorsicHeHO, 4TO /ISl JOCTATOYHO TOYHOTO
BocctaHoBieHuss CHIII curnana mo BeiiBiert-
CIEKTPY C MOMOIIBIO OBICTPOTO BEHBIET-MIPEOO-
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pa3oBaHMs AOCTAaTOYHO y4ecTh 5 — 6 ypoBHEH
pasioxeHus.

4. YcraHoBieHo, uto pu ooHapysxennu CLITT
curHaja Ha (poHe CIIabOKOPPEIIUPOBAHHOM TTOME-
XU UMEETCS ONTUMAIBHOE YUCIIO YPOBHEH BEUB-
JeT-pa3jioKeHus, IpU y4eTe KOTOPBIX, C OJHOU
CTOPOHBLI, BJIUAHUEC IMTOMEXU SABJIACTCA CHIC CpaB-
HUTEJILHO CJIA0bIM, a C JPYTO¥ CTOPOHBI, CUTHAI
y>K€ JIOCTaTOYHO XOPOIIIO BOCCTAHOBJIEH.

5. Iloka3aHo, 4TO IPU YBEJIUYEHUU UHTEP-
BaJla KOppeaialuunu NOMCEXU UM NPpHU CHUKCHUUN
OTHOILIEHHs CUTHAJ/TIOMEXa HA BXOJE BEUBIET-
¢ubTpa KauecTBO BOCCTAHOBICHHOTO CUTHana
YXYAIIAETCs.

6. YcTaHOBIIEHO, YTO XapaKTep BOCCTAHOBIIEH-
HOT'O CUTHAJIa TIPH MCTIONIb30BAHUH BEHBIIET- U (Y-
phe-aHan3a OKa3bIBaeTCs pa3nuuHbiM. [lpu dy-
pre-punerpanuu y CLIIT curnana nmosiBisitoTCs
JuIIHue (JIOKHBIE) JIETIECTKH, YTO UCKaKaeT ero
(dbopMy, yMEHBIIAET MOKA3aTeNb IUPOKOTIONOC-
HOCTH, a IOTOMY SBJIACTCA HCIIPHUEMIICMbIM.

7. IlokazaHo, 4YTO BEHBICT-aHAIM3 B 3a7auc
obHapyxenust CLIIT curnana va gpone cnaboxop-
penMpOBaHHOM MOMEXH AJIsl pACCMOTPEHHBIX MO-
neneil oxaseiBaeTcsi Oonee 3(h(HEKTUBHBIM, YeM
(Gypbe-ananus npu ¢, >0.1.
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Application of Wavelet Analysis
to Problem of Ultra-Wideband Signal
Detection on
Noise Background

0. V. Lazorenko, S. V. Lazorenko,
L. F. Chernogor

The basic properties of the wavelets, discrete
and integral wavelet transforms, are dealt with.
The wavelet analysis is proposed to apply for
detection of ultra-wideband (UWB) signals on a
noise background. The results of the numerical
wavelet analysis of model UWB signals are pre-
sented, and an example of the UWB signal detec-
tion on the background of weakly correlated ad-
ditive noise is discussed. The method efficiency
is compared with method of the traditional
matched filtering based on the Fourier transform.
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