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UCNOJIb3OBAHUE ®YHKUUHW IOBOMHOM OPTOIOHAJIBHOCTH
fIPU PACHETE ®UJIbTPOB MOBEPXHOCTHbIX AKYCTHYECKHUX
BOJIH JJisi BECOBOHM OBPABOTKHW PAIAUOJIOKALLMOHHDBIX
CUTHAJIOB

st yMCHBIIEHHST TMOTEPh B COOTHOIICHHH CHIHAJ/IIYM TPH BECOBOH 00pa-
OOTKe  PaJMoJOKALHOHHBIX  CHTHAJOB IIPEAJAaraercs [PHMEHSTh  (PUIBTPLL
Ha MOBEPXHOCTHBIX akycTHueckux BosHax (ITAB), mns cuuTesa KOTOPHIX HC-
MOJIb30BAHBl - PYHKIHKH C JBOMHON OPTOrOHAJIBHOCTHIO.

C 1eaplo yMeHbLICHHS] YPOBHSI OOKOBLIX JIENECTKOB CZKATOTO PajinoJo-
KalMOHHOTO curuaJa, HanpuMmep JIUM curnana, B npueMHOM YCTPOiCTRE
MOMHMO ONTHMAaJbHOH (PUJABTPALLUU YACTO HCHOJAL3YETCH JIONOJHUTENbHA S
BecoBast oOpadoTka 3Toro cur"agaa [l]. Oanako npumeHeHue TpajHIHOU-
HbIX BecoBbIX QyHkuui (Teitmopa, doabda-Heodbmiesa, XaMMUHra U T. U}
npu o6paboTKe CHIHAJa KaK B YACTOTHOH, TakK H BO BPEMEHHOH o0Jacty
NMPUBOJAKUT K ero pacmupenuio B 1,35—1,87 pasa u, camoe riaBHoe, K yxy/I-
IIEHHIO OTHOLUEHHMdA CcHrHaJgd/uiym Ha 1,2—24 nb wu3-3a paccorsacoBaHusd
nepeaaToyHod (PYHKIHH NPHEMHOTO TPaKTa CO CHEKTPOM 00pabaTbiBaeMOro
curnana [l]. C norepsAMM Ha paccorJacoBaHHe, MO CYLIECTBY, HHUErO CJle-
JlaTh HeJb3sl, H OHH OyAyT HEH30€XKHO MPUCYTCTBOBATH NPHU HCIOJb30BaAHUH
BeCOBOH 00paboOTKH CHrHAJa,

B cayyae wacrtoTHOH BecoBoil 00pabOTKH MOJYYHTb MHHHMAJbHLL
VpOBeHb OOKOBBIX JIEIECTKOB CXKAaTOIO CHrHaJJa INPH HE3HAUUTEJbHOM ero
paciiupeHrHH BO3MOXKHO TIDH HCIOJNb30BAHHM  ONTHUMAJbHBIX  (DHHHTHBIX
GyHKIHE, 00eCHeynBalOMX MaKCUMaJbHYIO KOHICHTPAILMIO SHEPTHH B 3a-
JlAHHOM MHTepBaJie YacTOT, HallpUMep B Ipejenax TVIaBHOTO Jernecrka. M3
H3BECTHBIX BECOBBIX (PYHKIHH 3TOMY yCJOBHIO HauboJdee MOJHO OTBeuaer
Gynkuus XsmMmuHra, obecneunpaioulas KoHuUeHTpanuio 99,96% sHeprum B
IJIaBHOM JIeTeCTKe YacTOTHOro crnekrpa. OHAKO MJas peasu3aidu ypOBHA
OOKOBBIX JIeNEeCTKOB CHrHaJjJa Huke —40 1B Takoit sHEprUH HeTOCTaTOUHO.

MneansapiMm Ha60poM (PYHKIHI, 00eCneunBaIouX MaKCHMalbHYI0 KOH-
IIEHTPALHI0 3HEPTUH B 3aJaHHOM MHTepBaJje 4acTOT, WJH, UTO TO XKE& camoe,
MHHHMU3HUPYIOUIUX KOJHYECTBO HEPTHH BHE 3TOr0 HHTEPBaJa, SABJSIOTCH
(GyHKIMKH ¢ IBOHHOW OPTOTOHAJBHOCTBIO  [2], HCMOJNBL30BaBLIMECS paHes,
B YaCTHOCTH, /I CHHTe3a aHTeHH [3]. '

B nacrosimmeii paborte mpenjgaraercs MHCHOAbL30BaTh (DYHKIHMM C JBOII-
HOH OpPTOTOHAJBHOCTBIO /id cuHTe3a (uiabTpor [TAB, npumensempix a4
BECOBOH 00pabOTKH Pa/MOJOKALMOHHLIX CUTHAJOB B UACTOTHOH 00J/aCTH.

Pacemorpum mjeadpnblit puabtp ITAB, uMmetomnit uMnyabCHYIO Xapax-
Tepuctuky h(f) xKoHeuHoil aaurtenbHoctH T, onpenensieMoil NPOTsIKEHHO-
CTBIO €ro BCTPEUHO-WITHIPEBLIX INpeoOpaszoBateneit (BLIIT), u nepenarou-
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#yto GyHukuuio H (im) ¢ nogocoit nponyckanus AQ. ITpu Becosoit o6padoTke

curHasa TPeOGOBAHHA K TOUHOCTH allPOKCHMAIUHM aMILIHTY/HO-UYaCTOTHOIL
xapakrepuctuku (AUX) A(o)=|H (io)| ¢uaprpa szanaorca 1jisi KOHeY-
HOrO HHTepBasJa uactoT (—Aw/2, An/2).

Onpenenum kaace ¢pyrxuuit W, xak muoxecrso ¢Gyuxumit A (o), us-
BECTHBIX JuIlb HAa WHTepBaJte (—Aw/2, Aw/2) B HexkoTrophix N4-1 orcuerax
—Aw/2 Lo, < o, ... oy << Ao/2, ;

Tax xak BHe mHTepBana (—Aw/2, Aw/2) 3HaueHUs OTCUETOB (DYHKIHHA
A(®) He 3alaHbl, JaHHOE MHOMKECTBO sIBJseTCs OeCKOHEUHBIM, a MPOCTPaH-
CTBO, MM oOpasyeMoe, OeCKOHeYHOMepHbIM [4].

Js @opmasbHOrO onpejeseHnss (QUHUTHBIX (YHKUHI BBeJeM orepa-
Topel yceueHusa P u D:

h(t) |E]< T2
pro={o" 4= 1 o
oy — [A @) o]l A0j2;
DA()—{O s 2)

Kanace ¢unutHbix ¢yekimuit W, re W, onpenesum Kak MHOXKECTBO
Bcex (pyukuuil Buga DA (o). B cuny Toro, uto mias GyHKIUHE H3 MHOZKECTBA
W. r yiKe 3ajaHbl HyJeBble OTCUeTbl BHe HHTepBada (—Aw/2, Aw/2), 10
3TO MHOXKeCcTBO (yHKuuit ka1acca W, r siBJsieTcsi KOHEUHBIM.

Paccmorpum OeckoHeuHbl#l cnektp A(o) € W., coorBerctByromuit ¢u-
HUTHOM wuMNyJabCHOH xapaxrepuctuke Ph(f)e Wa.r.

Bynem cuutaTh, 4TO MOJIHAsi SHEPTHsI CIEKTpa, OnpeaeaseMasi Kak
KBajapatr HopMbl QyHknun A(w)eW,, pasHa enunuile, a 10Js SHEPTHH BHR
uHTepBana (—Aw/2, Aw/2) 3anmana- u paBHa €7, TO eCThb

: lA@IP= | |A@}Fdo=1, e D)
M, CJEeI0BATE/BHO,
Aw |2
IDA@|P= | |A@Pdo=1—¢7 (4)
—Aw/2
[Tyets @o(®), ...,Px (®) — HeKOTOpble JIMHEHHO-He3aBHCHMBbIE (YHK-

uun u3 W, o6pasyomue N--1-mepHoe noampocrpaucteo W,y © Wo.
[Ipu annmpoxkcumaruu 3azaHHON (QyHKuuH A(®) JAUHEHHON KOMOWHAIMCH

N
R
Lak ¢,(®) moJydaeTcs HEKOTOpPas NOTPEUIHOCTh 62(Qy, ..., ay), 3aBHCA-
0

masg OT KO3(D(PULUHEHTOB ay,..., Ay .

Jlsst Toro uTOGBl MOJYYHTb HAMMEHBIIYIO TOTPEIUHOCTh o2 JUIS «HaH-
xyauwe#» dyHkuud u3 Wor (To ecth aJs Kotopoil ¢,2 MakcumanbHa [2]),
Heo6x0auMo, nepebpaB BCe BO3MOXKHBbIE HaGOpHI {®,}, ocraBasfis ux
uncao N-1 HensMeHHBIM, HaUTH TOT HA6OP, A5 KOTOPOTO 6,2 MUHHMAJbHA,
U BBIUHC/IAUTL ee 1mo (opmyde
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e =0 mEX - Tlne® gy w8y =
{2k $€ Weor ap
Aw/2 \‘
= min max min j | A (o) =<~ a, ¢4 ()2 do. (D)
(o0} p€ War ap =200 g

Torna, uMes sajaHHyO JOMyCTHMYIO NOTPEIHOCTh 6%, M CPaBHUBAA
et ¢ o%,,, OyleM yBelHuHBAaTL PasMepHOCTb TNpocTpaHcTBA Wi,

00pasyemMoro (OyHKUHAMH @f(®), 10 TeX MOp, NOKa He Gyjer YVJI0BJIETBO-
pATBHCS  yCJAOBHE

ST (6)

Kax mokasano B [5], wuckomble ¢yHKIHH @o(0), @(®), ..., ¢y (o)
COBIIA/al0T ¢ COOCTBEHHBIMH (DYHKUIHAMH ONEPATOPHOrO YPaBHEHUS:

Ny (0) = DPDY,; (o). (7)

B coorsercrun ¢ [4] onepaToproe ypaBHenue (7) MOMKHO MepemucaTs
B BH/E

92 sinT (0 — s)
M (o) = S ™ (0 — §) b;(s) ds, (8)

—Aw /2

npuyem claefayer HMeTb B BHAY, 4TO Kak ,(®), Tak u k;, sABJIAOTCAH
(QyHKUMAME Tnapamerpa ¢=Aw-7T/2.

3aMeyare/IbHBIM CBOHCTBOM pelueHHil ypaBHeHua (8) SIBJSETCS TO, 4TO
OHH ODPTOTOHAJIbHBI HE TOJBKO Ha HHTepBane (—Aw/2, Aw/2), HO u Ha
BCell ocu:

o0

V0 (0) 9, (@) do =0 npn & =}, ()

=00

T0 ecTh  §;(0)  ABAAIOTCA QYHKUUAMH C JBOMHOH OPTOrOHAJBHOCTBIO, H
HMEHHO OHHM COCTABJISIOT HAMYYIMIUil 0a3uc AJsA JUHEHHOH annmpoKCHMAaLHu
¢yskunn A(w). MuHEMaIbHOE 3HaueHHe MOTPEINHOCTH 6%, TPH 3TOM
paBHO

1 nmpu 0<71 —a?r <y

°2MHH = )\0 == (1 s 527‘)

3 npu Ay <1 — e LA, (10)

"0 — /./’v

Takum o6pasom, ¢ yuerom yesosus (6) NOJNyuyeHa CBSA3b MEXKAY KOJH-
UECTBOM TpeOyeMbiX Ga3HCHBIX QyHkuuit ¢,(®) u JONYCTUMOH TIOT'peLl-
HocTbio o%;.  CoGcTBeHHble GyHKUHH () UHTErpaJbHOTO ypaBHeHHsS (8)
Ha3BIBAIOTCS BEITSHYTBIMH BOJIHOBBIMH (YHKUHSMH H JIOCTATOYHO MOAPOG-
Ho Tabyauposanel [2]. Tlostomy, smas HaGop 3THX (yHKUUH, TyTeM HX
CYMMHPOBaHHSI MOXKHO noayuutb tpedyemyro AUX ¢uabrpa ITAB, a no
He#l — UMIyJIbCHbiE XapaKTeDUCTHKH M, CJIe10BATeNbHO, 3aKOHbI amOIH34-
uuun BUOITT ¢uawtpa.
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Paccmorpum duastp [TAB, copepaxamuil nojocosanaioluid U MUPO-
konoJocHbiit BILTI. Onpenenum 3aKkoH B3BELIMBAHUS  110JI0CO3a1al0IIers
BILII, o6ecneunsatomiero peanusanuio AUX ¢uabTpa ¢ OorpaHHyeHHEM
SHEPrHM BHE 3aJIaHHOro HHTepBaJa Aw. KICXO/IHBIMH JaHHBIMH SIBJIAIOTC
mIHpHHA MHTEepBaJa annpoKcuMauuu Ao, 3alaHHbIl BpeMeHHOH nHTepBas I
MMIYJALCHOH XapaKTePHCTHKH, JONYCTHMOe OTKJoHeHuwe o, AUX ot Tpe-
OyeMoll M JlonmycTHMasi 10Jisi SHepruu e’y BHe HHTepBasa Ao.

Anropurm pacuera nogocosaznatouiero BIIII ceoauTes x ciaenyonemy:

I. Bepercst mepBasi 6asucHad QyHKIHUA Po(o®), /I HEe B COOTBETCTBHH
¢ (7) ompejaeJsiercs 3HaUeHUE Ag.

2. B coorsercrun ¢ (10) BBIUMCSETCS 0%y

3. Ecin ycioBue 0%y, < o?, yJIOBJIETBOPSIETCS, PacyeT NMPOIOJIKAET-
csl, HAUYMHAs C M. 5, B MPOTHBHOM CJyyae — C II. 4. !

4. Ucnoabsysa eule oy GasucHyio Gpyukuuio  b,11(0), onpeienasercs
Aj+1, BBIUHCJsieTCs HOBoe aHaueHue o,,.. Pacuer mponoskaercs, Hauu-
Has c m. 3.

5. JIas MCnoJab3yeMblX 0asHCHbIX (yHKIMit P;(®) rmoaGuparTcs Ko-
5p¢hULMEHTH a; B COOTBETCTBHH C TpeGoBaHNEM

Aw(2

\ P

) A(0) ==a, (o)} do = min.
——-A(v>/2 l _ a .

i

6. TIpou3BOAUTCS CyMMHPOBAHHE 3HAUeHHH BCeX MCHOJAb30BAHHBIX 0a-
sucHbIX (GyHKUHH @;% (®) nHa wuHTepBate (—Aw/2, 0wA/2):

N

v
g (0) = X 4, (0).
0

7. OT noJyueHHO! cyMMapHO# (YHKIHH ¢.(®) uyepes mpeobpasoBaHme
dypbe AeaeTcst Nepexo K HCKOMOK HMITYJTbCHOM XapaKTepUCTHKE, COOTBET-
crBylomieii 3ajaannoit AUX:

! N
%

he (8) = 5= 2 g (0p) €xp (— i 0y ).
k=0

8. B COOTBETCTBHM C IOJYYEHHOH HMIYJ/bLCHONH XapaKTePHCTHKOH mpo-
H3BOJMTCA B3BelMBaHue TMoJoco3afatontero BIHIT.

CX0/IMMOCTh MTEPALMOHHOrO Ipollecca, UCIOJAb3yeMOro B JIAHHOM aJlro-
pUTMe /IS Y/AOBJETBOPEHHs YCJIOBUST 0%, < 0,5, OCHOBaHa Ha Clenylo-
mei Teopeme [3], KoTOopasi NMPHUBOJAUTCS 3J€eChb 0€3 JOKa3aTelbCTBA-

Jlns 11060r0 yueaa r CyILIeCTBYIOT MOCTOSTHHbIE Ci=Ci(r) U Co==Cy(r)

Takue, 4rto AJs Jo6oit QyHkuun f€ W r

M
infllf — X apb]l <A + e,
LAE
M= [QAUJ T]+ Cylog [QAu) T] +Cy, u 2A<pT>1.

KBaaparubie CKOOKM 03HAUalOT Le/JAYI0 4acTh OT YHCJIA.
C/elyeT 3aMeTHTb, YTO ONHCAHHBIH BbILIE IYTh NPOCKTHPOBAHUA HME-
er cBou orpanuyeHus [4].

i70



Tak, aast Toro 4toObl OCHOBHASl 4acTb 3HEPrHH CYMMAPHOH (PYHKIIM
0. (0)  Obl1a CKOHLEHTpHpOBaHa B HHTepBade (—Aw/2, Aw/2) HeoOX0/H-
MO, yToGbl BCe Oa3uCHble (PYHKUUH ;(®) TaKKe YIOBJCTBOPAJIH 3TOMY YyC-
goBuio. OnHako §;(w) sABAAIOTCS (QYHKUMSIMH OT mapamerpa ¢ = Ao7'/2 u
yJOBJETBOPSIIOT YCJOBUIO KOHIIEHTpallK 3Hepruu (4) npu ¢ >4, TO eCTh IpH
Ao7>2.

Jasi puaptpoB u auHuit 3anep:xex Ha [TAB sto yciosue uvauie Bcero
VOBJIETBOPSIETCS.

[IpoBeseHHbIe pacyeThl MOKasadu, UYTO HCMOJAb30BaHHE p-(PYHKIUIL C
napamMeTpoM ¢=4--8 M03BOJSIET NOJYUUTh PACUETHBLI ypPOBeHb OOKOBBIX
JgernectkoB cxkaroro JIUM curnana —45-+ —50 1B npu yBesuueHuu ero
JUINTE/IbHOCTH Bcero Juub B 1,2—1,3 pasa.

[Tockoabky anoausosanubiii BUITT duasrpa [TAB nas Becosoit o6pa-
OOTKM CHTHAJIOB, CHHTE3WPOBAHHBIH C HCMOJAb30BaHUEM \p-(pYHKLIUH, HMe-
et npotsixkeHHocTb B 1,50-—2,0 pasa menbiue, yem BIUIT, noayueHHblil ¢ He-
MOJIb30BAHHEM BECOBBIX (DYHKUHH X3MMUHTA, PACUETHBIN YPOBEHb JIOMKHBIX
CHUTHAJI0B, OOYCJIOBJIEHHBIX MHOTOKPATHBIMH OTPaXKEHUAMH OT 3JeKTPOJOB
BIUTI, ymenbiuutcst Ha 4—6 n1b u cocraBur —48 — —52 nb.

Boisoani

. BoITsHyThle BOJMHOBbLIE chepouiajbHble (DYHKLUHU NPEICTABIIAIOT CO-
Dol ujeanbHbIl Habop, ofecneuynBalOIiUil MAKCUMaJbHYIO KOHLEHTpAIlHIO
SHEPrMM B 3aJlaHHOM MHTepBaJe YacToT.

2. VMcnoab3oBaHue P-QpyHKIHHA ¢ napamMeTpoMm ¢=4--8 npu mpoeKTHupo-
BaHHUU ycTpofeTs seeoBoil o6paboTku JIUM cHrHasoB no3soasier peanuso-
BaTh YPOBEHb OOKOBBIX JIEMECTKOB CXKaTOTO CHTHaJga HuxKe —45 1D mpu ero
pacmnpeHun He Gojee ueMm B 1,2—1,3 pasa, uTO npeBOCXOAUT MapaMeTphl,
JOCTHKHMbIE B YCTPOHCTBAX C NPHMEHEHHeM TpPaJUIMOHHBIX BECOBBIX
(DyHKUHUH.

3. Onucan aaroputm pacuera (puastpoB [TAB ans Becosoil 06padoTku
CHUTHAJOB C HCIOJAb30BaHHEM Pp-(PYHKUHHA.
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