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ONJIBTPAIIS BUBPOCHUT'HAJIA JIABEPHOI'O T'NPOCKOITIA
C UCHOJIb30BAHUEM BEMBJIET-IPEOGPA3OBAHMUS

Konvyesvie nasepnvie cupocrkonvt (KJII) wiupoxo npumensirom-
CSl 6 PA3IUYHBIX HABUSAYUOHHBIX CUCIEMAX OISl MOYHO20 Uusmepe-
HUSL NApAMEmMpPO8 PAUAMENbHO20 08UdCeHUs 00vekma. Ilpu smom
ucnonvzoganue KJII' na nuskux wacmomax npedcmasisiem cobou
CepvesHylo npooneMy, C6A3AHHYIO C MAK HA3bIBAEMbIM 3AX6ATNOM,
unu cunxporuzayuet, vacmom. /s ee ycmpanernus KJII' noogep-
2a10m MexaHuueckol gvicokouacmomunou subpayuu. Taxum odpa-
30M, Ol OnpedeseHUss UCTNUHHBIX NApaMempos8 EpPAWamenrbHo20
osudicenusi ubpayuonnyio cocmagnsiiowyito cuenana KJII' neobxo-
oumo yoarnumo. C 2mou yenvio NPUMeHIIOMCcs 0OHOKACKAOHbIE,
MHO20KACKAOHble U MHO20CKOpOcmHble uibmpol. Hedocmamku
MAaKux GuIbmpos cesa3ambl ¢ UX Kpatne 8blCOKOU PA3MepHOCMbIO
(ecnu peuv udem 06 UCNONB30GAHUU PUILIMPOE C KOHEYHOU UM-
NYIbCHOU XAPAKMEPUCMUKOU) TUOO HETUHEUHOCMbIO (DA308bIX Xa-
pakmepucmux. B nacmosweil pabome paccmampusaemcsi cnocoo
yoanenusi 6UOPOCUSHANA C NPUMEHEHUEeM Memo008 MyTbmumac-
wmabHno2o eetigiem-npeodpazosanus. Myremumacuimabusill ana-
JU3 € NSAMBIO YPOGHAMU PA3NONCEHUS BBINOTHEH C UCNONb308AHUEM
PA3IUYHbIX MUNO8 Beli8NemO8, MAKUX KAK OUCKPemHblll 8elisnem
Metiepa, eetigniem [lobewu 45 (db45) u m.n. Yemanoeneno, umo
HU OOUH U3 CMAHOAPMHBIX 8elisNlemo8 He No380jsaenm 000UmbCs
B0CCMAHOBNEHUSL  UCXOOH020 cucHang. Yoanenue @ubpocucHand
npeonazaemcs OCYuecmeisineg ¢ NPUMEHEHUEM HOB020 CUHME3UPO-
sannoeo eetignema. Ilone3nvlil cueHan 60CCMAHABIUBAEMC S C UC-
nonv3oeanuem Kodpguyuenmos annpokcumayuu va 5 yposne. Ilo-
Oaenerue gubpocuenana cocmasnsiem 107,0 0b, npu smom ghazosevie
Xapakmepucmuky QuiIbmpa auHelnsl 8 npedenax nojaocbl nponyc-
kanus. Ilo cpasnenuio ¢ pazpabomanHviM panee mpexcmynenya-
MbIM KOMOUHUPOBAHHBIM DUALINPOM 30€Ch MAKIHCE CHUNCAIOMCS
BbIUUCTUMENbHBIE 3AMPANbL.

KniodeBble c10Ba: KOJIBIEBOH J1a3epHbIH rupockorn, d¢dekr CaHbsika,
BeifBneT-nipeoOpazoBanne, Macmrabupyromas (QyHKIUS, BeWBIeT-
(GyHKIMS, MyJIbTEMAacIITaOHBIH —aHAIN3, HU3KOYACTOTHBIH  (HIBTD,
BBICOKOYACTOTHBIH (HIBTP.

Pernmany bxapar. Crapimuii HaydHBIH COTPYAHHK, Kadenpa IEKTPOHUKU U CBSI3H, TeXHOJIOTNYECKUit
nHcrutyT Yaiitanss bxaparu (Xatinapadan, Mumus).

Jac Kumop Yannpa. Hayunsiii corpynunk, Hayano-uccnenoBarensckuit nentp Vmapar (Xaiinapaban,
Wnauyst).

Pao Kakapna Cy66a. IIpodeccop, kadenpa 5eKTpOHUKH U CBs3H, TeXHOIOrHYeCKHid HHCTUTYT YaiiTa-
Hbs bxapatu.

Pao Hanam Benkara KotecBapa. IIpodeccop, kadeapa eKTpoOHUKH U CBsA3H, TeXHOIOIMYECKUH HH-
ctutyT Yaiitanba bxaparu.
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BBeaenue

['upockolr 1Mo CyIecTBy MpeACcTaBIseT COOOM NaTIUK BPAIIECHHUs, KOTOPHIN UCIIOIh-
3yeTcs JIs u3MepeHUs a0COMIOTHOM YIIIOBOM CKOPOCTH HEKOTOPOW BPAIAIOIICHCS CH-
creMbl [1, 2]. DToT mpuOOp SBISETCS HEOTHEMIIEMOW YaCThIO CHCTEM HABUTAIIUH
W YIIpaBJIeHUS ABIKEHHEM MOABIKHBIX 00BekTOB. [IpemmymectBom KJII' sBnsercs
€ro HU3Kas YyBCTBUTEIHHOCTh K OKPYKAIOIIUM YCJIOBHAM; €TO XapaKTEPHUCTHKU HE
3aBUCSAT OT IPaBUTAIIMOHHOTO YCKOpeHHs g. KpoMe Toro, OH MaJloUyBCTBUTEICH K H3-
MEHEHHUIO TeMIIepaTypbl 1 MarHUTHBIM TIOJISM, TIO3TOMY O0JIaaeT CPaBHHUTEIHLHO BbI-
COKOW TOYHOCTHIO M CTaOMIbHOCTRIO. 1o cyTn, KJII" mpencrasiser coboit maTEpdEepOo-
MeTp CaHbsKa C aKTUBHOM JIA3EPHOU CPeIol B KOJIBLIEBOM pe30HATOPE, (OPMUPYIOIICH
JIBE JIa3epHBIC BOJHBI, OJIHA U3 KOTOPBIX PACIPOCTPAHICTCS BHYTPU pE30HATOpA II0
JacOBOM CTpeIKe, a BTopasi — mpoTtuBs (puc. 1) [3].

e 3epxano
/"

AATUMK
CHNTRIBEHUA
BaHHBIX

MCTOMHKK NA3EPHOND
o Hany4eHuA

Puc. 1. Konbuesoii na3epHblil THPOCKOIT

Otpaxaronias Ipu3Ma CITy>KUT Ui 00bEIUHEHUS MPOTHUBOIIOIIOKHO HAIPaBIICH-
HBIX Jy4edl U (hOpMUPOBaHUS CTAIlMOHAPHOM MPOCTPAHCTBEHHOUW MHTEPEPEHITMOH-
HOM KapTUHBI. B OTCyTCTBUE BpallleHUs MyTh, IPEOJ0JIEBAEMBbII JTydaMH HPU paclpo-
CTpaHEHUH I10 YACOBOH CTpEJIKe U MPOTHB Hee, oAnHaKoB. [Ipu BpalieHnH J1a3epHOTO
pe30HaTOpa BO3HUKAET pa3HUIlA B JUIMHE TPASKTOPUH MPOTUBOMOIOKHO HApPaBICH-
HBIX BOJIH, KOTOpasi MPOIMOPIIMOHATbHA PAa3HOCTH YacTOT, HAa3bIBAEMOM 4acTOTOW OH-
euuit [4, 5]. Yactora OueHuit Af HmpomopHHOHabHA YIJIOBOH CKOPOCTH BpAIIICHUS,
KakK BUIHO U3 ypaBHeHus (la):

Q oc Af, wmu Q = KA, (la)

rae ) — CKOpOCTh BpallleHUs] OTHOCUTEIBLHO U3MEPUTEIBHOU ocH, a K — MOCTOSIHHAS,
KOTOpasi 3aBUCUT OT AJMuHBI TpaekTopuu B KJII', miomanu xonblieBoro pesoHaropa
Y JUTUHBI BOJIHBI HCTOYHHKA JIA3€PHOTO U3ITYYCHHUS.

BwmecTte ¢ Tem, eciiu CKOPOCTh BpallleHUSI HE MPEBBIMIAET ONPEICICHHOE MOPOro-
BOC 3HAYCHHE, KOTOPOE HA3bIBACTCS YAaCTOTOM 3axBaTa, Pa3HOCTh 4acTOT OJm3Ka
K HyIo. DTO 03HAYaeT, YTO MPHU MAaJbIX CKOPOCTSX BpAIICHHS BBIXOJHBIE TAHHBIC
KJIT" 6ynyt HyneBbiMu. UToOBI n30ekath padoTel KJII' BOIM3HM 4acTOThI 3aXBaTa, €ro
MOJIBEPTaloT UCKYCCTBEHHOW MEXaHUUYECKOW BHOpaIMy B HAMTPABIEHUSIX KaK TI0 4aco-
BOI CTpeJIKe, TaK M MPOTHB HEe J0 JOCTHIKEHHUS ONpPEACICHHOW YaCTOThI KOJICOaHHIA.
dopmupyeMble YIIIOBbIC KOJICOaHUS 4yBCTBUTEILHOTO eMeHTa KJII' Ha3piBatoT BHO-
palMOHHON YaCTOTHOM MOJACTaBKOH [6, 7].
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Brxonuoit curaan KJII' Bo BpeMs IpUHYIUTEIHHOM BUOpai UMeeT GopMy CH-
HYCOH/IbI, KOTOPYIO MOXKHO ONHUCATh (OpMyJIaMu:

wq (£) = 2nf; 0, cos(2nf, 1), (16)
x(#) = Q1) + 04 (9), (2)

TJie f; — 4acToTa BUOpanuy; 0, — aMIIMTy1a CUTHalIa YaCTOTHOW TIOJICTABKU B yTJIO-
BBIX CeKyHJax (BennuuHa 1" skBuBanieHTHa HanpsbkeHuro 0,3 B); o, (f) — Bubpocwur-
HaJI MMOJCTaBKHA BHICOKOW YaCcTOTHI U OOJIBIION aMITTUTY6I; (2(¢) — TIOJIE3HBIN CHUTHAI
Majioi amruTy bl M Hu3koi 9actoTsl (0-80 I'm); x(¢) — m3mepsiemsii curHan KJIT.

YacroTa BUOpanuu mojactaBku Ui paccMmarpuBaemoro KJIIT sBiasercs mocTosH-
Ho BenmuuHOU B mipenenax 300-500 [, a BenmuuHa BUOpOCHUTHAIA TIPEBBIIIACT Pe-
aNbHYI0 CKOPOCTH Bpamienns oowvekta B 10°-10* pas. B tumoom KJIT' ¢ wacroroit
BuOpocurHana 500 I'm u ammurynoit 100" peanbHas yrioBas CKOPOCTh BHOpaItiu
coctaisieT okoso 90°/c. UToObI onpeaenuTb HCTHHHYIO CKOPOCTH BpallleHus] 00BEK-
Ta, BHOPOCHUTHAI HEOOXOAMMO MTOTABUTE [8, 9].

Jnst mogaBieHUs] BEOPOCUTHAJIA TPUMEHSIIOTCS IBa OCHOBHBIX crioco0a:

1) ynanenue BIUSHUS YACTOTHOM MOJICTABKY;
2) mudpobie GUILTPHI (OTHOCUTEILHO HOBAS KOHIICTIITHS).

[lepBb1if cioco6 mpemycMaTpUBaeT MCIIONB30BAHNE HHAYKTUBHOTO (ITHE303JIEKTPH-
YeCcKOro) AaTduKa Jjsl onpeneneHusi Bubpauuonnoro nsmkenus: KJIIT oTHocuTenbHO
kopryca. [locie macimTaGMpoBaHWSI BBIXOJHOW CHTHAN JIATYMKa HCIONB3YETCS s
KOMIIEHCAIIUA COOTBETCTBYIOIIEH COCTABIISIONMIEH CyMMapHOTO BBIXOIHOTO CHTHAala
rupockona. Hanmuuue morpemHocTedl pa3iuyHOrO poja, B YaCTHOCTU JIMHEHHOCTH,
CTaOMIBHOCTH, TUCTEPE3HCA, TIOBTOPSEMOCTH U T.II., 00YCIaBINBAET MOTEPU B TOYHO-
ctu. KpoMme TOro, TOYHOCTH OTpaHHYEHa XapaKTEPUCTUKAMHU UyBCTBHTEIBHBIX DIIe-
MEHTOB JIaTYMKOB BUOpocurHana. Takum oOpa3oM, 3Ta cxeMa He MOIXOAUT sl IPH-
MEHEHHUSI B CUCTEMax CIIC)KEHUS, XapaKTePHU3YIOIIMXCS HHU3KHUM YPOBHEM IOMEX
¥ BBICOKUM pa3zpermrenueM [10].

Bropoii cioco0 mpenoaraeT UCoib3oBanrue GUiIbTPOB Kak ¢ koHeuHo (KMX),
Tak u ¢ 6eckoreuynoi (BUX) uMmynbCcHBIME XapakTepucThHKamu. [Ipu 3ToM omHOKac-
kaguele KUX- u BUX-punbTper He o0ecnieunBaioT TpedyeMyto TouHOCTh. B nmocnennee
BpeMs TIpeyIaraeTcsl HCIobp30BaTh komOuHupoBanueie (KX n BUX) TpexkackaaHbie
¢unsTpel. HecMoTps Ha To 4TO ypoBeHB 3aTyxaHus curHana gocturaer 140 nb, uz-3a
Hammuusi BUX-bunbsTpoB (ha3oBbie XapaKTEPUCTHKHU B TOJOCE MPOMYCKAHHUS HE SB-
NSI0TCS TUHEHHBIMHU. [loMHMO HEyJTOBIETBOPUTEIBHBIX (DA30BBIX XapaKTEPUCTHUK,
BUX-bunpTpel 007ama0T OOJbIICH T'PYIIIOBOM 3aJEP)KKOH W XapaKTePU3YIOTCS
OTIPEJICIICHHON CIOXHOCTBIO BhIunciaeHuit [11].

[peononenue >TUX NPoOIEM IIPH MMOJABICHUH BIHSHUS CUTHANIA YaCTOTHOM IO/~
CTaBKM OCHOBAaHO Ha HUCIIOJb30BAHMU METOJOB BEHBIICT-IIpeoOpa3oBanuii. Belipier-
npeoOpa3oBaHus OCYLIECTBISIIOTCS C MPUMEHEHHEM Mapbl (GUIBTPOB, OAUH U3 KOTO-
pbix BbicOKouacToTHBEIH (DPBY), a BTOpoii — HU3KOuUactotHe (OHY). [Ipumenenue
B BeriBierax KNX-huiabTpoB mo3BoiseT u30ekaTh HCKAXKCHUH (a30BBIX XapaKTepH-
cTuk. B HacTosimedl pabore mccieayeTrcs BO3MOXKHOCTH HCIONB30BaHHS BEHBIIET-
METOAOB C MHOTOYPOBHEBBIM Pa3JOKEHHUEM MJIsl MOJABJICHHS CHTHAJIOB B MOJOCE
YaCTOTHOM MOJICTAaBKK U ToJjioce 3arpaxjeHus. [Ipu stom u3z-3a npumenenus KNX-
¢bunsTpoB (pa3zoBBIC XapaKTEPUCTUKH OYAYyT JIMHCHHBIMHU.
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BeiiBieT-npeodpa3oBaHue

BeiiBner-peobpa3oBaHie HCHOIB3YETCI BO MHOTHX cxeMmax oOpabOTKH CHUTHA-
JIOB, TaKUX KaK C)KaTHE BUAEO3aINCel, MHTEPHET-COOOILEHUH, paclio3HaBaHUEe 00bEK-
TOB U T.1I. OHO 3] )eKTHBHO [UI ONMCAHUA CHTHAIOB OIPEIEICHHOTO BUJA, PEXkKIE
BCETO TAaKWX, B KOTOPBIX M3MEHEHUs JIOKaIN30BaHbl. BeliBner-npeobpa3oBanue Mo-
KeT TaKkKe MPUMEHATHCS B CXEMaxX ¢ MHOTOYPOBHEBBIM Pa3JIOKECHHEM.

HecMoTpst Ha TO 9TO 11t 0OpabOTKH CHTHAIOB pa3paboTaHO MHOXKECTBO YITyd-
LIEHHBIX AJITOPUTMOB, IpeoOpa3oBaHue Dypbe MO-PEKHEMY OCTAETCS OCHOBHBIM
U BBICOKOA((EKTUBHBIM METOIOM. BO-TIEpBBIX, €r0 MOKHO YCIICIIHO PEalTn30BbIBATH
¢ momoIipio anropurMma BIID, a BO-BTOPHIX, OHO SBJSETCSA COOCTBEHHOM (hyHKIIMEH
JNMHEiHO CTalMOHapHO# cuctemsbl. basucuas dyHkius npeobpasosanus dypse 7>
OIIpeZeICHa Ha MHTEpBajle OT MUHYC JIO IUIIOC OECKOHEYHOCTH, U HHTETPUPOBAHUE
OCYIIECTBIISIETCSI [0 BCEMY BPEMEHHOMY HWHTEpBally. JTO NPUBOAUT K TOMY, YTO HH-
¢dopmarmsi 00 M3MEHEHHAX CHTHala BO BPEMEHH TEPSIETCsl, BCICACTBHE YEro mpeodpa-
30BaHue Dypbe NaeT TOINBKO 00OOIIEHHBIE XapaKTEPUCTUKHU IIPOLIECca, OHO HE MOJXO-
JUT AJIs1 aHaJIM3a HECTAIlMOHAPHBIX CUTHAJIOB. BMecTe ¢ TeM BO MHOI'MX IPHIIOKEHHUIX
HUMEET CMBICI HaxoxKAeHne npeodpazoBanust Pypbe Ha TEKYIHMA MOMEHT BPEMEHH HITH
Ha KOHEYHOM MHTepBajie BpeMeHu. [logoOHyo MH(OpPMAIMI0 MOXKHO MOIYYHUTh C IO-
MOMIBIO YaCTOTHO-BPEMEHHBIX JITOPUTMOB, B YACTHOCTH OKOHHOI'O IpeoOpa3oBaHuUs
®ypre (OI1D), BeitBner-npeodpazoBanus u S-mipeodpazoBanus [12].

OIl® curnana x(¢) omuceiBaeTcst GopMynon

X(1,F) =STFT[x(1)] = Tx(t)W(t—r)e_ﬂ“F' dt 3)

—00

rae W(t—t) — OKHO CO CMEIIICHUEM T.

CwMeriasi OKHO BO BPEMEHHOW 00J1aCcTH, MOKHO TONYYHTh KO3 uImeHTs Oyphe
B Bujie QDyHKIUI BpeMeHH U 4acToThL. [lo cymectBy X(t, F) XapakTepu3yeT 4acToT-
HBI COCTaB CHTHAJa B OKPECTHOCTH MOMEHTa BpeMeHHU T. OKHO ¢ (pUKCUPOBAHHON
IIUPUHOW SIBISICTCSI TJIABHBIM OTPAaHUYCHUEM YaCTOTHO-BPEMEHHOTO pa3pelleHUs
OIl®. Hanpumep, Ay aHalW3a CUTHAIOB THUMA MEPEXOJHBIX MPOIECCOB (BBICOKOMH
YacTOThI) OKHO JIOJKHO OBITh KOPOTKHM, a JJIsl aHAJIN3a YCTAHOBHBIIMXCSI CUTHAIIOB
(HM3KOM YacTOTHI) — JUIMHHBIM. B BeiiBiieT-nmpeoOpa3oBaHuu IITHMHY OKHA BEIOMPAIOT
B 3aBHCHMOCTH OT YaCTOThl CHUTHAJIA, @ CaM CUTHAJ PacKIaJbIBAIOT B Psiji 0a3MCHBIX
dbyaknmii. Bee 06asucHble (QYHKIWHM BBIOSISIIOT W3 OJWHOYHOTO POIUTEIIHCKOTO
BEWBIIETA ITyTE€M BBHITIOJIHEHUS ABYX JACUCTBUI: paciupeHus (YATUHEHHs) U TiepeHoca
(cnBura). BeiiBneT-yHKIUS TODKHA OBITH KOHEYHOW IO JUTUTEIHLHOCTH, a JUISl CYIIIe-
CTBOBAaHUS OOpPaTHOTO BEHBIIET-MPEOOPa30BaHUs HEOOXOIUMO, YTOOBI OOINas ILIO-
a1b MO/ ICXOIHBIM BEWBJIETOM Oblila paBHA HYJIIO.

BeiiBneT-mpeoOpazoBaHue MOXXHO TAaKXKE paccCMaTpUBaTh Kak HAOOpP IMOJIOCOBBIX
¢mbTpoB [13]. YpoBHM pa3noxeHUs 334al0TCSl OKTaBaMH, MPHUEM KKAYIO OKTaBY
MOJKHO conoctaBuTh ¢ napoit KUX-huiasTpoB, Kak mokasaHo Ha puc. 2.

[Tycth ho(n) u hy(n) — AIMIYIBCHBIE XapaKTEPUCTHKU (QUIHTPOB aHAIN3a (JIEKOM-
NO3ULMH), a go(n) U gi(n) — UMITYJIBCHBIE XapaKTEPUCTHKH (UIBTPOB CHHTE3a (pe-
KoHCTpYKInH). Berxog @HY /4y(n) npencrasiseT coboit yCpeTHEHHBIM CUTHAN, TOTAa
kak BoIxom ®BY /i (n) omuceiBaeT 0COOCHHOCTH HMCXOMHOTO curHama. [lociemoBa-
TeabHOCTH Vi(n), k = 0,1, COOTBETCTBYIONINE HU3KOYACTOTHONW M BHICOKOYACTOTHOM
cyOmonocaM, MepeiaroTcs 3aKOAUPOBAaHHBIMHU. EcCiy mpeanonoxuTh, 4To mepeaada
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OCyIIEeCTBIsIETCs] 03 MOTPEITHOCTEH, TO TPUHHUMAEMBIC TIOCIICA0BATEIIBHOCTH UMEIOT
BUI Vi(n) = vi(n). CurHanm x(n) MOXKET OBITh TOYHO BOCCTAHOBIICH W3 (1) TIPH BBI-
MTOJTHEHUY CICTYIOIINUX YCIOBUH:

hi(n) = (=1)" ho(n),
8o(n) = ho(n), (4a)
21(n) = —(=1)" ho(n).

B o6mactu n3o6pakenuti (110 z) ykazaHHBIC COOTHOIICHHUS UMEIOT BU:

H\(2) = Ho(-2),
Go(z2) = Ho(2), (4b)
Gi(2) = —Ho(—2).

VYpaBHeHus (4) 1OKa3bIBalOT, 4TO BCe GUIBTPBI GOPMHUPYIOTCS 10 Hy(z) TOIBKO
B TEX CIlydasx, Korjaa Hy(z) sBiseTcs nepeaaToyHoi GyHKued GuibTpa-nporoTuia
C WMITYJIbCHOW XapaKTepUCTUKON /ig(n) [14]. brmoku nmenumanmu (TipopekWBaHUs)
W UHTEPIIOJSINHA CIIOCOOCTBYIOT CHHIKEHHIO H30BITOUHOCTH JAHHBIX M MOBBITIICHHUIO
s¢dhexTUBHOCTH ITpeoOpa3oBanus [12, 13].

Yo(m) =35 ()

x(n)

DHY vy(n) DHY
- »L 2 - e — T 2
_." . Ld _.”
hy(n) () 1
x[ﬂ:‘ ér 4
DBY 4
DBY
o 12 S 3 )
— b () L — g,(n)
()
v, (n) N
%) ‘ y, (0) = v,(n)
@uIbTpHI aHAIU3a DuIbTPHI CUHTE3A

Puc. 2. OnHOOKTaBHBIN BEHBIET-aHATN3
Jluckpemnoe setignem-npeoopazosanue (/[BI1)

Mexny mapamerpamMu 0aHKa KBaJpaTypHbIX 3epKaabHbIX GuibTpoB (K3®d), TouHo
BOCCTaHABIMBAIOIINX CUTHAIBI Ha okTaBe, u JBII cymectByeT onHO3Ha4HOE COOT-
Homenue. Beixog ®HY (MacmTabupyromas GyHKIHUS) 1aeT anpoKCUMAIUIO 3aaH-
HOT'O CHTHAJIa ¢ IEPEeMEHHON TOYHOCTHIO, a Bhixoa ®BY (BetiBneT-hyHKIHS) obecte-
YHBaeT JeTaln3annio. MHOTOYpOBHEBOE PA3NIOKEHHE — 3TO MPOIlecC, MPH KOTOPOM
BBIXOJIHBIC JaHHBIC OJIHOTO U3 KaHAJIOB (PIIIBTpa aHajw3a MPOIMyCKATCS Yepe3 ApY-
ryto mapy ¢puiasTpoB. B yactHocTH, BhixomHble qaHHbie @HY mocie merumanuy Ha
ypoBHE | MpPOMyCKarOT Yepe3 mapy (QUIbTPOB, KOTOPhIE OCYIIECTBISIOT OCPEIHEHNE
W JeTanu3aluio Ha ciexyromieM yposre [15]. Ha puc. 3 mokaszan 0aHk QuibTpoB
TPEXypOBHEBOTO aHanmu3a. 3Aech /y(n) SBISETCS MacIITaOHpYIOLeH (QyHKIHEH,
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a hy(n) — matepurckuM BetiBneToM. JIBII npencrasiaseT co0oi mporecc momydeHus
riocinenoBatenbHOCTeN A(j, n) U D(j, n) N3 UCXOIHOM TOCIICIOBATEIIBHOCTH X(71) C TO-
MOIIEI0 0aHKa (GUIBTPOB aHaNM3a U3 J-ypoBHeBoro Oanka K3®d, TouHo BoccTaHaBIIN-
BAOIIMX CUTHAIIBI Ha okTaBe. [Ipu 3ToM j m3Mmensiercs B muama3one 0 < j <J.

A3 n)
AR byl L2}

12—

IE’I"!) = 1({};::]'_. rlﬂl{ﬂ]'_b L2 — h;(ﬂ:l—l' 12>

—p L2 D(En)

D(2,n)

—»| hin)— L2

Dlin)
’.— l'}mtrﬂrbl ——.\'— Mposens 2 —-b‘ﬂ-— Viromeith J  ee—

Puc. 3. bank GuiIbTpOB TPeXypOBHEBOIO BeiiBIET-aHAIN3A

Macmrabupyromas (GyHKIUS anmpoKCUMHUPYET CUTHAJI Ha IOCICAHEM YpPOBHE
Pa3IoXKeHHMsI, HAaYaIbHBIM YPOBHEM PA3JIOKCHUS SIBJISETCS COOCTBEHHO BXOIHOH CHUT-
Hai [16]. Koadduiuents IBI1 BEIYUCIAIOTCS C IIOMOILIBIO ypaBHeHHMIH (5—7):

N-1

A(jn)=D A(j=1Lm)hy(2n=m), j=12,..J, (5)
m=0
N-1

D(jn)=) A(j-Lm)h(2n-m), j=12,..J (6)
m=0

npu A(0, n) = x(n), (7)

TJie j — TeKymlas okTaBa (ypoBeHb); J — 00Iee KOJUUECTBO YPOBHEW; 1 — CMEIICHUE
o BpeMeHH; N — IJIMHa BXOAHOH mocienoBatenbHoCcTd x(n); A(f, n) — ko3 duieH-
THI aNIIPOKCUMAIIMU Ha YpoBHE j; D(j, n) — K03 HUIMEHTHI eTalu3aluy Ha YPOBHE j.

OneMeHT (2n—m) OCYLIECTBIISICT MAacCIITAOWPOBaHHE BEHBIET-KOA(P(PHULINEHTOB,
YUCIIO KOTOPBIX IPHU TEPEX0Jie OT OKTaBHI (j—1) K OKTaBe j yMEHBIIIACTCS B JIBa pasa.
Ha puc. 4 mokazaHo COOTBETCTBYIOIIEE pa3[esIeHHE YacTOT ISl KaKIAOTO YPOBHS
[17]. Ha ypoBae 1 ®HY umeet nonocy npomyckanus ot 0 1o n/2, a BUD — ot n/2 1o
7. COOTBETCTBEHHO, Ha YPOBHE 3 MMeEeM I10JI0ChI Ipornyckanus ot 0 10 7/8 u ot 7/
1o ww/4. Ipenmnonoxum, uto nepenarorcs koapduuuentsl A(3, n) u D(, n),j =1, 2, 3,
a npuHuMaroTcs kosduiuentsl A'(3, n) u D'(j, n).

1\ 111 11 I

T
8 4 2

Puc. 4. lnana3oHs! 4acToT A1 OaHKA (GUIBTPOB TPEXYPOBHEBOTO aHAIM3A
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[Ipu momymeHny, YTO MOTPENTHOCTH MEPeIadr OTCYTCTBYIOT, MOYKHO 3aITHCaTh:

A'G, n) =A@, n),
D'(j,n)=D(j,n),j=123 ...

Wcxomnplii curHai x(7) BOCCTAaHABIUBACTCSI C TIOMOIIBIO CETH CUHTE3a, IOKa3aH-
HOH Ha puc. 5.

A0

—n T2 MR

—{ 12 o e K T el :
_'{{}]_' A

MR

—N 12 M —H@H 1 *’(e’k'f”i
DL yini= &0

—H 12 {5 —r.‘\]—r
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’4— Vnoeews 4>~4— Yooaews 2 —p‘qf.'khrmurrlpl —b‘

Puc. 5. bank puIbTPOB TPEXypOBHEBOTO BEHBIET-CHHTE3A, J=3

[ponecc pexoHCTpyKIMK cUrHama y(n) u3 nociaenosatensHoctent A'(j, n) u D'(j, n)
¢ TIOMOIIbI0 Ha0Opa (QMIBTPOB CHHTE3a MPEICTABISET cOOO, KaK MOKa3aHO Ha pH-
cyHke, oopatHoe JIBII. [l peKOHCTpYKIIMHM CHUTHAJA TPEOYIOTCS TOJIBKO 3HAYCHIS
MaciTadupyome GyHKIMM Ha ypoBHE 3 M 3HAYCHUS BEUBICT-QYHKIUH Ha BCEX
TpeX YPOBHAX, Kak Moka3zaHo B (8) u (9). 310 03HAUAET, YTO IS MOTYICHHSI BBIXOI-
HOW mociieioBaTeNbHOCTH (1) TpeOyroTcs Tonbko A'(3, n) u D'(j, n), j = 1...3.

A(j.n)= gy (n-m)A(j+1,m)+ > g (2n=m)D(j+1.m), ®)

raej=(J-1),(J-2),...,2,1,0 9
u y(n) = A'(0, n) = x(n). ©)

[Tpu sTOoM MacTabupyromeil QyHKIMeH U BeBIeT-QyHKIUeH O0aHKa QUIBTPOB CHH-
Te3a SBIISIOTCS COOTBETCTBEHHO go(n) W gy(n), KOTOPBIC BBIYUCIISIOTCS COTJIACHO
ypaBHEHUIM (4).

OuabTpanusa YaCTOTHOM NMOJACTABKH peajibHOro curaga KJII'
€ IOMOLIBIO MOJY4eHHOI' 0 BeliBjIeTa

s coopa panneix KJII' rupobiiok ycTanaBimuBajics Ha pabouuil CTEHA, KOTOPBIHA
MOJKET paboTaTh B IBYX PEKUMax — CTATHYECKOM M AMHAMHYEeCKOM. B cratndeckom
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peXKHME BIKCHUE JaT4MKa OO0YCIIOBIEHO TOJIBKO BpamieHueM 3emin. B aunammue-
CKOM PEXHMME K CKOPOCTH BpallleHHUs 3eMld 100aBIseTCs CKOPOCTh BpallleHUs CTEH-
Ja. PazHoCTh 3THX BYX CKOPOCTEW MPONOPIMOHANbHA CKOPOCTH BpallleHUs CTEHAA.
B nuHaMuueckoM pexnMme CKOpPOCTh BPAIICHUs CTEH/AA MOXKET OBITh TOUYHO M3Mepe-
Ha. Bripadotka manaprx KJII' mpom3BoauTcs ¢ BbIcOKoM wacToToit 5 kl'm. YacroTa
BubOparmu gannoro KJII' cocraBnsier 395,5 I'n. Ha puc. 6 npeacraBieHa peanu3aust
BeixogHoro curnana KJII' x(n) npogomxurensHoctsio 0,2 c. Tpebyemble xapaktepu-
CTUKHU (UIBbTpa IMePEUnCIICHbI B Ta0 . 1.

Tabonuma 1

XapakTepucTuKH paspadaTbiBaeMoro puiabrtpa

[Tonoca mponyckaHus Ot 0 1080 '
[Tosioca 3anep>kuBanust Ot 100 10 2500 I'g
YacToTa HoACTaBKU 395,5Tn
3aTyxaHue B HOJ0CE NPOIYCKAHMU <3 b

3aTyxaHue B MOJI0CE 3arpakICHUs >80 nb
3aTyxaHue B MOJ0CE NOJCTaBKU > 100 nb

YacToTa BEIOOPKH 5 kI

40 T T T T T T
|
|

!

30 |\\

20

|

|

.20¥ J H u
1| (it

-30J IIH\ HH’

0 0.02 0.04 006 008 0.1 012 0.14 0.16 0.18 02
Bpewms (cek)

Puc. 6. Peanmzanus curnana x(n)

PaccunTanHbIil aMIUITYAHBIN CIIEKTP CHUTHAJA Xx(n) mpeacTaBieH Ha puc. 7. Jms
cpaBHeHHs B cpene MatLab crenepupoBan umutanuonnbiii curdan KJII xi(n) ¢ 4da-
CTOTOM muckperusanuu f; = 5 xkl'u:

x1 = al*sin(2*pi*f1*t) + a2*sin(2*pi*f2*t)
+ a2*sin(2*pi*f3*t) + a2*sin(2*pi*f4*t)
+ ad*sin(2*pi*fd*t) + an*rand(size(t)),

rae
fl =10; 2 =25;13 = 15; {4 = 55; fd = 395,5;
al =0,008; a2 = 0,03; an = 0,00035; ad = 30.

AMIUTATYAHBIA CHEKTp MMUTALMOHHOTO CHTHAJA X(7) TaKKe NPEICTaBIEH Ha
puc. 7. Kak BUIHO M3 pUCYHKa, CHUTHaJl cOcpeloTodeH Ha yactoTe 395,5 T'm, Bce
OCTaJIbHBIE CIEKTPAIbHBIE COCTABISIONINE — HYJICBBIE. YPOBeHb criekTpa Pypbe Ha
yacTtoTe BuOpanuu cocrasisier 16,0 B.
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CrekTp peansHoro curnana

Cnext P HMHETALHOHHOTO CHIHANA
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Yacrora (I'u)

Puc. 7. Ammuutyansie ciektpsl cursanos KJII'

ITockonbKy HCKycCTBEHHAs: BUOpaLysi — MPOLIECC MEXaHUYECKUH, TO, TOMUMO 4acTo-
THI MOJCTaBKH, BUOPOCUTHAN TaKKe HaOIIOIaeTcs Ha cOceAHMX dactorax. Ha puc. 8,
KOTOPBI SIBIISIETCA YBENMYEHHBIM (parMEHTOM pHC. 7, TMOKa3aH aMIUTUTYIHBIN
CIIEKTP B 00JIACTH YaCTOTHI ITOJICTaBKH.

15 T T T T T T T T

Amruryga

BV D

430

0 e

360

Yacrora (I')

Puc. 8. AMIIUTYIHBINA CIEKTp cUrHaia x(77) B yKpYITHEHHOM Maciutade
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CurHan x(n) HpomyckaeTrcs 4Yepe3 ISTHYPOBHEBBIM OaHK (DHIBTPOB BEHBIIET-
aHaM3a/cuHTEe3a, KaK MokKa3aHo Ha puc. 9. Ha kaxoil okraBe ycTpaHseTcs orpere-
JICHHBIN JTMAa30H 4acToT. TakuMm o0pa3oMm, Jisl yAajdeHHs HEKEIaTeIbHBIX YacTOT
HCIONB3yeTcs OaHk PUILTPOB aHaiu3a. BeiOop uncia ypoBHel J = 5 00yCIOBIIEH TeM,
YTO yNAJICHUIO TIOAJICKAT COCTABIIAIONINE CHTHajia Ha dactorax oT 80 mo 2500 I'm.
Cxema pa3zencHusi 4acToT nokazaHa Ha puc. 10. KoadduimenTs! anmpokcuMaum
A(S, n) Ha 5 ypoBHE coaepkaT HH()OPMAITUIO, OTHOCSIIYIOCS TOJBKO K 9acTOTaM I10-
JIOCBI TIPOITYCKAHUSI.

Peanpunie : ()
naunere KJIT J-YpPOBHEBBIH .
x(y) EEE— Gank GUILTPOB —
BeilBIeT-aHanmsa

Puc. 9. Cxema npouecca puiibTpanuu

78

1250

Puc. 10. [IaTuypoBHeBasi cxema pazJieJIeHUs] 4acTOT

Jlist momaBiieHUsT BUOPOCUTHAJIA MCTIONB30BAIKCH PA3IMYHBIC THUIIBI OPTOTOHATH-
HBIX BEHBJIETOB, TaKHE KaK JIUCKPETHHIN BeiiBieT Meiiepa, BeiiBneT JJobOemm 45 u T.11.
YcTaHOBICHO, YTO HU OJWH M3 CTaHJAAPTHBIX BEUBIIETOB HEe oOecmedmBacT dDdek-
THBHOE IMOJaBJICHNEC BUOPOCUTHANIA: TNOO B CIIEKTPE OCTAIOTCS MApa3UTHBIC YaCTOTHI,
MO0 BOCCTAHOBJICHHBIN CUTHAJ OTJIIMYACTCS OT UCXOIHOTO. B CBsI3u ¢ 3TUM OBLT paz-
paboTaH HOBBIM BEHBIET i QUIBTPAIMH CUTHAJIA TTOJICTABKH.

HOCTpoeHI/Ie HOBOI'0 BeiiBjeTa s YaajaeHus YaCTOTHOM MOACTABKH

[Ipexnme Bcero ocymmecTBUM mnoctpoerne KUX-punbTpa HU3KHAX 9acTOT ¢ 4acTo-
TOH cpe3a, MPUOIIKEHHO PaBHON 7/2. YCTAaHOBIEHO, YTO B ATHX IENsAX Hamboiee
MpUeMIIEMBIM sIBIIsieTcs OKHO Kaifzepa, a onTuMaibHas pa3MepHOCTh (QUIIBTpa CO-
craBiser 31. Ecnu yMeHBIINTH pa3sMepHOCTh (DUIBTPA, BOCCTAHOBIICHHBIH CHUTHAI
OyZeT OTanYaThCs OT UCXOMHOTO. I1ycTh /g(n) — UMITyIIbCHAST XapaKTePUCTUKA 3TOTO
®HUY, a mupuHa 0JI0CHI IPOIYCKAHHUS JJIs MacIITaOUPYIOIeH (YHKIIMKA COCTABIISCT
0,44 m. Torma WMIyIbCHAs XapaKTEPUCTHKA HHU3KOYACTOTHOTO (HUILTpa aHAIA3a
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(MacmTabupyromias QyHKIHs) TaKke OyaeT paBHa /ig(n). BeiOpaHsl cieaymomue oT-
c4eThl QYHKIINHU hy(n):

hy= [0,0009  0,0010 —-0,0030
—0,0050 0,0049  0,0143 -0,0027
—0,0298 -0,0102  0,0502 0,0443
—0,0713 -0,1265  0,0873 0,4811
0,6842 0,4811  0,0873 -0,1265
-0,0713 0,0443  0,0502 —-0,0102
—0,0298 -0,0027  0,0143 0,0049
—0,0050 -0,0030  0,0010 0,0009].

[Ipu 3TOM MMIyJbCHAS XapaKTEPUCTHKA /1(n) BBICOKOYACTOTHOIO (PHIbTpa aHa-
nu3a (BeWBIIET-PYHKIMS) BBIYUCISETCS ¢ TOMOIIBIO (4) CIIEAYIONUM 00pa3oMm:

(n) = (=1)" ho(n).
Hogoti BeliBieT-hyHKIMH yIOBICTBOPSIOT CICIYIOIINE YCIOBUA:

< hO(n)a ho(}’l) > = 19
< hO(n)’ hl(n) >= Oa
<h(n), h(n)>= 1.

Macmrabupytomas GpyHKIHs ¥ BeHBIeT-(QYHKINS OPTOrOHAIBHEI IPYT IPYyTry H HOp-
mupoBaHbl [17]. HoBBI BEHBIET TakkKe YIOBICTBOPSET YCIOBHIO PETYISIPHOCTH.
I'paduxu 00enx QyHKIHMIA NOTy4eHHOTO BeiBIeTa pecTaBIeHbl Ha puc. 11.

Macwrabupyrowas gyHKLUHA Beiisnet-dynkuns
07 . = - - . = . 0.8

x
oer / ‘\ ] 0.6 —
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| 0.4 -
0.4 | - \
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03~ ‘
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0.2~ | ‘l
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oﬁ———r--"\\/ "\\‘ fl \,‘ If'r\/-~-r--f— . \ \
b Nﬂ \/ | o

-0.2

i
N
e
R
|

L r r r L r r 0.6 r r r r ] r
o 5 10 15 20 25 30 35 [e] 5 10 15 20 25 30 35

Bpems Bpems

Puc. 11. Macmrrabupyromast pyHKIHs ¥ BeiBIeT-QyHKINS HOBOTO BeHBIIeTa

I'paduiky yacTOTHBIX XapaKTEPUCTHK HOBOTO BEHBIETa W AMCKPETHOI'O BEHBIETa
Meiiepa noka3ansl Ha puc. 12. Kak BUIHO U3 pUCYHKa, IIUPHHA IEPEXOTHON MOJIOCHI
y HOBOTo BeifBinera MeHbmIe. MMITyabCcHBIE XapaKTEpUCTHUKH OaHKa (HIBTPOB
BEHBIIET-CUHTE3a go(71) U () BBIYUCIIAIOTCS COTIACHO ypaBHEHUSM (4).
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Puc. 12. YacToTHbIe XapakTepuUCTUKU BeliBieTa Meliepa 1 HOBOIo BeliBiieTa
Pe3yabTaThl 1 00CyKIeHHE

B noknane [18] ObuH nipeacTaBIeHBI pe3yabTaThl MOJACTHUPOBAaHUS pabOThI HOBOTO
BEHBJIETA C MHCIOJIb30BAHHUEM MOJEIbHBIX [AHHBIX, CICHEPHUPOBAaHHBIX B CpeEle
MatLab. ITockoyibky MOJIy4YEeHHBIE PEe3yIbTaThl BEChbMa OJIarONPUATHBI, B HACTOSIICH
pabote 3TOT BeiiBneT ucnonbyercs ais GuinbTpanuu peaabHoro curnana KJII x(n).

@unbTpanus OCylECTBIIACh B COOTBETCTBUM C OMUCAHHOMN BBIIIE MPOLETYPOH.
Koo Puuumentsr annpoxcumarmu A4'(S, n) copepkaT MHGOPMALHUIO, OTHOCSAIIYIOCS
TOJIBKO K 4acTOTaM I0JIOckl Iponyckanusd. KoaddunuenTs! neTanu3anun He HyKHO
paccuuThiBaTh HU Ul OJHOTO M3 YpPOBHEH, Tak Kak 4YacTOTHI, COOTBETCTBYIOILHE
9TUM K03 HUIeHTaM, HaXOAATCS 3a MpeJesiaMH MOJIO0CH MPOITYCKaHUsl, TO €CTh

D'(j.n)=0 (10)

JUI BCEX j U A.

Curnan y(n) ¢ yaaaeHHOW 4aCTOTHOW MOJCTaBKON PEKOHCTPYHPYETCS MO KO3(-
¢unmentam anmpokcumaruu A'(S, n) ¢ momonrsio ypaBHeHui (8—10). Peammzarmmst
OT()UIBTPOBAHHOTO CHTHANA (1) MOKa3aHa Ha puC. 13, a ero aMIUIUTYIHBIH CIIEKTP —
Ha puc. 14. U3 puc. 14 BuAHO, YTO HOBBIN BEHBJIET BOCIPOU3BOAUT BCE CUTHAIBI
B TIOJIOCE TIPOTTYCKaHUS M MojaBisgeT BuOpocuraai. C MOMOIIBIO 3TOTO K€ BelBieTa
ObUI Takke 00pabOTaH UMHUTALMOHHBIN curHan. CHeKTp OTQUIBTPOBAHHOIO CUT'Ha-
Ja mokaszaH Ha puc. 15. Puc. 16 oTpaxaeT comocTaBieHHE CIEKTPOB PEalbHOTO
U UMHUTAIMOHHOTO CHUTHAJIOB B OKPECTHOCTH YacTOTHI mojacTaBku (395,5 I'm); npwm
3TOM MONYYEHHl 3HAYEHHs MOAyIeH crekTpoB 6,925-10° m 1,95-10° cootser-
cTBeHHO. JlOCTHTHYTHIE ypOBHHM 3aTyXaHHs BHOpocurHaja cocrasisiior 107,3
u 118,3 o1b cooTBeTcTBeHHO (Tabi. 2). B Tabn. 3 npuBeneHs! MOMy4YeHHBIE C UCTIONb-
30BaHMEM MPEIUIOKEHHOTO METOAa 3HAUCHUS 3aTyXaHus BUOpOCHTHana I pas3iiid-

HBIX curHanoB KJII'. Otu 3uavenus Bapeupyrorcs ot 100,60 mo 115,05 nb. Ta6n. 4
82
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COJICP)KUT JaHHBIC CPaBHEHHS METOJIOB OOpaOOTKH, OMHCAHHBIX B JUTepartype. Bo
BTOPOM CTOJIOIIE YKa3aHbI METO/IBI, B IIIECTOM — IOJTy4YeHHbIE MAaKCUMAaJIbHbIE 3HAYCHUS
3aTyXaHHsl BUOpOCUTHaJa, a B TIOCJIETHEM — JJaHHBIE TI0 TPYIIOBOH 3ajepkke. B mep-
BOM METOJI¢ MCIOJb3yeTcs Hu3KkoyacToTHRI K X-hmibtp 89-ro mopsiaka ¢ 4acTtoTon
cpe3a 100 I'm. Mcnonms3oBanue 3TOT0 (GMIBTPaA MO3BOJISET MOMYYNUTh 3HAUYCHUE 3aTy-
xaHusi BuOpocurrana 50 nb u rpymnmosyto 3azepxkky 11,1 mc. Bo BTOpoM MeTonme
MpPUMEHSIETCSl TpeXKacKkaaHbll QuibTp (monocoBoir BUX-GunbTp, HU3KOUACTOTHBII
BUX-punstp u HuzkodacToTHbIH KUX-GuabTp). 3HaueHHEe 3aTyXaHusl, TOJIy4CHHOE C
HCIIONIE30BAaHUEM 3TOTO MeToaa, cocTaBmwio 50 nb, rpymmoBast 3amepkka — 6,919 mc
[19]. Meton, npeAoKESHHBIA B HAacToOAIICH paboTe, oOecrieunBaeT 3aTyxaHue BHOPO-
curtana 107,3 nb u rpymmoByto 3aaepxky 4,0 mc. Takum 00pazom, TpenIoKeHHBIH
Metoj 1 Oosiee 3 PEeKTHBEH O CPaBHEHHUIO C ApPyrMMU Meromamu. Kpome toro, mo-
CKOJIbKY 00pa0oTKa MaccuBa JAaHHBIX Ha CeKyHAe 3aHmMaeT juib 0,3 ¢, Bech mpo-
LECC MOYKHO BBITIOIHATE B PEKUME PEaTbHOTO BPEMEHH.

TaOonuma 2

ComnocrapJ/ieHHe NoKa3aTeJiel MoJAaBJeHUsl YACTOTHOM MOJICTABKH

Tun curnana JlocTurHyThlii ypoBeHb 3aTyxaHus, 1b
Peanbnsrit curaan KJIT 107,3
Wmuranmonusiii curdan KJII 118,3

Tabonuma 3

3aTyxaHue U IrpyNnoBasi 3ajiepKKa JJis pa3jndHbIX curaaaos KJIT'

Curnan 3atyxanue Bubpocurnaia, nb I'pynnoBas 3anepxka, Mc
Peanprbrii curaan 1 100,60 4,0
PeanpHblii curaan 2 100,74 4,0
PeanpHblii curaai 3 100,75 4,0
Peanpnplii curnan 4 102,57 4,0
Peanpublil curaan 5 106,61 4,0
Peanpublii curaan 6 109,70 4,0
PeanpHblii curnan 7 115,05 4,0

Tabnuma 4

CpaBHe}me Pa3sINYHbIX METOA0B

Meron Tun Yacrora ITonoca mpo- Tlopsmox 3aryxaHue I'pynnosas
¢unsTpa BEIOOpKH, | Iyckauws, I'1g ¢unsTpoB BUOpoOCHUT- 3aJIepaKKa, MC
Ja Bt Hana, 1b
1 HY KUX 4 0-100 89 50 11,125
2 ITonocosoii 4 0-100 2,4,42 50 6,919
¢weTp, HY
BUX, HY
KHX
3 IIpenno- 5 0-78 Bank 107,3 4,0
JKSHHBIN ¢bunsTpoB
METO]T (5 ypoBHeit)
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Puc. 14. AMIIUTYAHBIH CIEKTp OTQUIBTPOBAHHOTO PEaJbHOTO CUTHAA
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Puc. 15. AMIIUTYIHBIHA CTIEKTp OTHUIHTPOBAHHOTO KIMHTAIIMOHHOTO CUTHAIA
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Puc. 16. AMmiuTyIHbIe COEKTPHI PEaIbHOTO U MMUTALMOHHOTO OT(QUIBTPOBAHHBIX
CHTHAJIOB B YKPYITHEHHOM MacIITabe B OKPECTHOCTH YacTOThI OJCTABKH

BrIBOIBI

B cratee paccMOTpeHO NMpHMEHEHHE METOAA BEHBIIET-aHAIN3a C MHOIOYPOBHEBBIM
pa3NoKEHUEM JUT PEIICHU 3a/1a4M MO/IaBIEHUS YaCTOTHOM MOJCTaBKH JIA3EpHOTO T'HU-
pockorma. CTaHmapTHEIC BEUBIIETHI, TaKHe KaK TUCKPETHBIN BeliBeT Metiepa, BeiiBieT
Hob6emm 45 (db45) u T.11., HE POAEMOHCTPUPOBAIN MPUEMIIEMOT0 KauecTBa (HHILTpa-
UM BUOpPOCHTHANA, B CBSA3M C yeM Obul pa3paboTaH HOBBIN BeliBieT. [lo cpaBHEeHMIO
C IUCKPETHHIM BeiiBieToM Metiepa HOBBIN BEHBIIET MMeeT 0ojiee Y3KYIO TIEPEXOTHYIO
nosiocy. Jls BOCCTaHOBIICHUS MOJIE3HOTO CUTHAJIA MCTIONB3YIOTCS KOA((HUIMEHTHI arl-
npoKcuManuu Ha ypoBHe 5. HoBbIil BeliBiieT oOecrieunBaeT 3aTyxaHHe BHOpOCUTHAIa
Ha yposHe 107,3 nb; mpu 3ToM rpymnmnoBas 3aepkka Maja u coctasisieT 4,0 mc.
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Abstract. Ring Laser Gyroscopes (RLGs) are widely used in many airborne and navigation systems

for accurate measurement of the true rotation of the body movement. But the RLG’s suffer
a serious problem at low frequencies known as Lock—in frequency. To avoid lock-in prob-
lem, the RLG is vibrated mechanically to a high frequency which is known as Dithering.
In order to get the true rotation of the body the dither signal has to be removed. Single stage,
multistage and multirate filters are suggested to remove the dither signal. These filters have
the disadvantage that either the FIR filter length is too large or the phase characteristics are
nonlinear. In this work, multiresolution Wavelet Transform (WT) techniques are used to re-
move the dither signal. Five level multiresolution analysis is carried out with various types
of wavelets like Discrete Meyer and Daubechies 45 (db45) etc. With none of the standard
wavelets, the original and reconstructed signals are matched. A new wavelet is designed to
remove the dither signal. The required signal can be reconstructed back using the approxi-
mation coefficients at level 5. The dither signal is attenuated by 107.0 dB, and the phase
characteristics are found to be linear in the pass band. The computational complexity is also
less compared to the three stage combined filter reported earlier.

Key words: ring laser gyroscope, Sagnac effect, wavelet transform, scaling function,
wavelet function, multiresolution, low pass filter, high pass filter.
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