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AHHoTaums. PaccMarpuBaeTcs HayyHast 3a/ia4a MOBBIILICHHS OTHOLICHHS CUTHAJI/IIYM PEYEeBOTO CUTHAIIA MOJIb30BATEIS KOM-
MIBIOTEPHBIX CUCTEM M CETEeH B MPOLIECCE €ro roIocoBoil ayTeHTuduKaimu. OObEKT UCCIIEN0BaHHs — NPOLIECC BBOJA U BbIIC-
JICHHS] PEYEBOTO CHI'HAJIA MOJIB30BATEIS CUCTEMBI Ay TCHTU(UKAIIMY B KOMIIBIOTEPHBIX CHCTEMax U ceTsx. Hccnenyrores Me-
TOJBI ¥ CPE/ICTBA BBOZA M BBIJICJICHUS PEYEBOTO CHrHAjIa Ha (OHE BHELIHUX IIOMEXOBBIX CHTHAJIOB. DKCIEPUMEHTAIBHO HC-
CJICIIYIOTCS IyTH TOBBIIICHNUSI Ka4eCTBAa PEYEBOT0 CHTHANA II0JIB30BATENsI B CHCTEMAax TOJIOCOBOH ayTeHTH(MKamuu. Paccmar-
PHBAIOTCS] POTPaMMHO-aIIapaTHRIE CPEACTBA SKCIICPIMEHTAIFHON YCTAaHOBKH ISl BBOAA W BBIICJICHUS PEUEBOTO CHIHANIA
Ha ()OHE BHEIIHHX MOMEXOBBIX Bo3zeiicTBui. [IoCKOIbKY COBpEMEHHbIE KOMIIBIOTEPHBIE CPEICTBA, B TOM YHCIIE U MOOMIIb-
Hble, OCHAILCHBI J[ByXKaHAJIBLHOH 3ByKOBOW KapTO#, IIPU BBOAE PEYEBOTO CUTHaja MCIOJIb30BaJOCh JABa MHKpodoHa. Pac-
CTOSIHUE MEXIy NMPUEMHUKAMH aKyCTHYECKHX BOJH cocTaBisuio 20 MM M obecrieunBano ()OpMHUPOBAHUE OIHOTO JICTIECTKA
JarpaMMbl HallpaBJIEHHOCTH MUKPO(QOHHOH pemeTku B TpeOyemoii obmactu peructpauuu pedeBoro cursana (ot 100 I'no no
8 kI'm). Kak cBHIETENBCTBYIOT PE3yJbTaThl SKCIEPUMEHTAIbHBIX HCCIIEIOBAHMIA, MCIOJIb30BAHHE HAIMPABICHHBIX CBOICTB
NPEVIOKEHHON MUKPOGOHHOH PELICTKU U NPUMEHEHHE POCTPAHCTBEHHO-BPEMEHHON 00pabOTKH PErnCTPUPYEMbIX CHTHA-
JIOB C aJaNTUBHBIMHU BECOBBIMU KOd((UIMEHTaMH O3BOJIMIIO CYIIECTBEHHO CHU3UTH BIMSIHUE IIOMEXOBBIX cUTHAJOB. [Ipen-
CTaBJICHBI PE3YJIBTAaThl HKCIEPHMEHTAIBHBIX MCCIICIOBAHUH TIPETIOKEHHBIX MPOrPaMMHO-aNapaTHRIX CPEICTB BBOA U BBI-
JIeJICHHST PEYeBbIX CUTHAIOB Ha ()OHE IOMEXOBBIX BO3IEHCTBHIL. [IpensiokeHHbIe peleHus] O3BOISIOT HOBBICUTh 3HAYCHHE
OTHOIICHUSI CUTHAJI/IIIYM PErHCTPHPYEMBIX HOJIE3HBIX CUTHANIOB 10 20 1b npy BO3IeHCTBUY BHEIIHUX [TOMEXOBBIX CUTHAJIOB
B Juana3oHe yactoT oT 4 1o 8 kI'u. [TosmyueHHbIe pe3ynbTaTbl MOTYT ObITh IIOJE3HBIMH CIICLHAINCTaM, BBITOIHAIOLIMM HC-
ClIeZIOBaHUs B 00JIaCTH PACIO3HABAHMS PEUH,  TAKKE Pa3IMUeHUs JUKTOpa.

KitoueBble ciioBa: ayTeHTH(UKALWS, aHTEHHAs pELICTKa, AMarpaMMa HalpaBICHHOCTH, PEYEBOH CHUTHAJ, KBaJpaTypHas
00paboTKa, MUKPO(OH.
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Abstract. Scientific task for improving the signal-to-noise ratio for user’s voice signal in computer systems and networks
during the process of user’s voice authentication is considered. The object of study is the process of input and extraction of
the voice signal of authentication system user in computer systems and networks. Methods and means for input and
extraction of the voice signal on the background of external interference signals are investigated. Ways for quality improving
of the user’s voice signal in systems of voice authentication are investigated experimentally. Firmware means for
experimental unit of input and extraction of the user’s voice signal against external interference influence are considered. As
modern computer means, including mobile, have two-channel audio card, two microphones are used in the voice signal input.
The distance between sonic-wave sensors is 20 mm and it provides forming one direction pattern lobe of microphone array
in a desired area of voice signal registration (from 100 Hz to 8 kHz). According to the results of experimental studies, the
usage of directional properties of the proposed microphone array and space-time processing of the recorded signals with
implementation of constant and adaptive weighting factors has made it possible to reduce considerably the influence of
interference signals. The results of firmware experimental studies for input and extraction of the user’s voice signal against
external interference influence are shown. The proposed solutions will give the possibility to improve the value of the
signal/noise ratio of the useful signals recorded up to 20 dB under the influence of external interference signals in the
frequency range from 4 to 8 kHz. The results may be useful to specialists working in the field of voice recognition and
speaker discrimination.
Keywords: authentication, array, direction pattern, voice signal, quadrature processing, microphone.

BBenenue

B nocnennee Bpems ucciieoBaTeny OOJIbIIOE BHUMAHUE YIEISIIOT COBEPIICHCTBOBAHUIO CUCTEM ayTEHTH-
(l)I/lKaIlI/Il/I BBIYMCIIMTEJILHBIX CUCTEM U CETEH Ha OCHOBE MCIIOJIb30BaHMS 6I/IOMeTpl/I'-leCKl/IX IIPU3HAKOB I1OJIL30BATC-
1. B psine ciaydaeB otnaercs NpeqiiodTeHUe CUCTeMaM ToJocoBoi ayreHTH(uKanuu. OHU UMEIOT psij MperMy-
IIECTB — MPOCTOTa YCTPOMCTB BBOJA, YIOOCTBO BBOJIA ITAPOIBLHOTO COOOIIEHUS, KOTOPOE TIPH HEOOXOIMMOCTH MO-
JKET HapalllBaThCs, yCTOM4YMBas paboTa B KaHajaxX CBS3M M Jip. BMecTe ¢ TeM COBpeMEeHHBIE CUCTEMBI TOJIOCOBON
ayTeHTH(UKAIIMN UMEIOT MoKasarelnb paBHOi ommoOkn (EER — Equal Error Rates) B nuanasone 3—5%, uto noxuep-
KHBAeT aKTyaJIbHOCTh UCCIIEIOBAHUH B O0OJACTH UX COBEPIICHCTBOBAHMUA [ 1].

B [2] npennioxxeHO Uil COBEPILIEHCTBOBAHMUS IIPOIPAMMHO-AINAPATHBIX CPEICTB BBOJA U BBIICICHUS pe-
YeBOT'0 CHI'HAJIA B CHCTEMax I'0JI0COBOI ayTeHTH(HUKALIMY HCIIOJIb30BaTh IBa KaHAJIA PETHCTPALMH aKyCTHIECKUX
BOJIH, MUKPO(OHBI B KOTOPBIX PacojoKeHbl Ha paccTosiHuu d =20 MM, ¢ MOCIEAyIoIei KBaapaTypHoil o0Opa-
00TKOI MaTepHaoB PErUCTPALHH.
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[enpro HacTOSIIEH PaOOTHI SBISIFOTCS SKCIIEPUMEHTAIBHBIC HCCIICAOBAHIS TIPEIIOKEHHBIX ITPOrPaMMHO-
anmnapaTHbIX PEHICHUH U OLIEHKA UX aJIEKBATHOCTH, IOCTOBEPHOCTH U d(PEKTUBHOCTHU. 3[€Ch e OTMETHM, YTO B
GonpIIMHCTBE PAa0OT IS TOJIOCOBOM ayTeHTU(UKAIIIH HCIIONB3YIOTCS MIPEUMYIIIECTBEHHO CIIEKTPAJIbHBIE XapaK-
TEPUCTHKH PEYEBOTO CUTHAaJa moyib3oBarens. Hampumep, B [3] ucmonb3oBanachk orubdaromas CrieKTpa rojocoBoro
UCTOYHUKA, B [4] NpEIIOKeH METO]| KEICTPAILHOTO IPeo0pa3oBaHusl CIIEKTpa PeueBbIX CUTHAJIOB, B [5] npuMe-
HSUTaCh MOJIEJIb, B KOTOPOH CIIEKTPaIbHO-BPEMEHHbBIC XapaKTEPUCTHKH PEYCBOIO CHTHAJIA aHATM3HPYIOTCS Tpe-
Oenkoit punbTpoB. Mcxonst u3 3Toro, HUXKE OyAyT MOABEPraThCs CPaBHUTEILHOMY aHAIN3y CHEKTpajbHbIEC Xa-
PAKTEPUCTHKH PEYCBOTO CHTHAJA, 3aPETHCTPUPOBAHHOTO C IMMOMOIIBI0 OMHOTO KaHanma (MUKpodoHa) W mpemo-
JKCHHOW CHUCTEMOW BBOJa W BBIJCIICHUS PEUCBOTO CUTHAIA Ha 0a3e MBYX KaHAIOB (MCIONB30BAaHHE JJISI PETUCT-
pamuu aByX MuKpogoHoB) [2]. [Ipu 3TOM OCHOBHOE BHUMaHHWE Oy[eM yAESATh aHAU3y JHUAana3oHa CIEKTpa JI0
8 k['m, uT0 00YCIOBIEHO HANHYNEM OTIMYUTEIBHBIX MPU3HAKOB PEYEBOTO CHUTHATA IOJH30BATEN B JAUAIA30HE
ot 100 I'; mo 8 k[ [6, 7]. st 3TOrO0 pacCUMTaHHBIA CHEKTpP, AMANa30H M3MEHEHUS KOTOPOTO OIpEeNesieTcs
MIOJIOBUHOW 9aCTOTHI BPEMEHHOM TUCKPETH3aINH, Oy/1eM OrpaHHYNBaTh 4aCTOTOH 8 KI 1T («KOPOTKHID CHEKTP).

HporpaMMHo-annapaTHaﬂ CXe€Ma IKCIICPUMEHTAJTBbHBIX HCCJIeI0BaHMIt

CrpykTypHas cxeMa NpOorpaMMHO-alIapaTHBIX CPEICTB 3KCIIEPUMEHTAIBHON YCTAaHOBKH IIpEJCTaBIECHA
Ha puc. 1. OCHOBY 3KCIIEPUMEHTAIILHOI YCTaHOBKH COCTaBIISIET HOYTOYK, K KOTOPOMY HOJKJIFOYAeTCs BHIHOCHOE
YCTPOMCTBO C JABYMSI MUKpO(OHAMHM M CXEMOW YCHJICHUSI PErMCTpUpPYeMbIX KojeOaHuil. [InTaHnue BIHOCHOTO
ycrpoiictBa ocymectsisercss o USB-nopra HOyTOyKa, a perncTpupyeMble CTepeoCUrHalIbl HOCTYIAalOT Ha BXOJ
€ro 3BYKOBOW KapTbhl. B HOyTOyKe ycTaHOBIICHBI W MCIOJNB3YIOTCS [IBa Kilacca MporpaMmHbix cpeacts — COOL
EDIT u MATLAB. Paccmotpum 0Oosee moapoOHO Ha3Ha4eHHe U (PYHKIMH SKCIIEPUMEHTAIBHONW YCTaHOBKH.

B kauecTBe MpHEMHHKA U YCHIIUTENS aKyCTHYECKUX CHTHAJIOB JUI Ka)KJOTO KaHaja PErHMCTpalld B BbI-
HOCHOM YCTPOMCTBE HCIIOIB30BAJIACH OHA U3 MPAKTHIECKUX CXeM MHUKPO(OHHOTO yCHIIUTEIS.

Iluranue ycrpoiictea ‘
yerp USB -
OrpaMMHO-
nopt IIporpammHoO- porp .
- AITOPUTMHYECKHIA
arnmnaparHblii KOMIIEKC .
KOMILIeKC LU(POBOi
1 poBoro
(popMHpoBaHIA 00paboTKH 1 aHaNN3a
JIByXKaHaIBHOE , Op pq)a“ on 13 3BYKOBBIX (haiiioB Ha
i BYKOBBIX (DalJIOB H
YCTPOHCTBO perucTpariuu 6a3); Ay 1O hexakTopa 6ase cHCTeMbI
U yCHJICHHS aKyCTHYECKHX CyOOL %DIT p KOMIIBIOTEPHOH
CUTHAJIOB Maremaruku MATLAB
3ByKOBas .
i Kapra TporpammHo-annapaTHblii KOMIUIEKC HAa OCHOBE
WHUS CBA3H JULS Nepeaain HOYTOYKa C ONepaluoHHON CHCTEMOM
CTepeo CHrHasa

Puc. 1. CTpykTypHas cxema aKkcnepmmeHTanbHON yCTaHOBKM

B HOyTOyKe B KadecTBe NporpaMMHO-aIIapaTHOTO oOecHedeHHsi ucronbiyercs: ayauopenakrop COOL
EDIT. Penmakrop siBisiercst cBOOOIHO pactipocTpansieMbM (ShareWare), ero MoxkHO Haifti B MlHTepHeTE Ha caiiTe
www.syntrillium.com [8]. OH mpeaensHO MPOCT B UCTIONH30BAHUH, COXPAHSS IIPHU 3TOM HauboJee BEpHBIC U Kade-
CTBEHHBIC aJTOPUTMBI 00paboTK! 3ByKa. PemakTop MoxeT paboTarh ¢ JFOOBIM THIIOM 3BYKOBBIX KapT, TIPU 3TOM
pacImpsis CBOM BO3MOXXHOCTH B 3aBHCHMOCTH OT Kjlacca KadecTBa 3BYKOBOW KapThl. AyIHOpENAaKTOp MO3BOJISIET
3aaTh AL 3BYKOBOH KapThl HOyTOyKa BHII PETHCTPHUPYEMOro CHTHana (MOHO WIIM CTEPEO), 9aCTOTY BPEMEHHOM
JMCKPETH3aliy U KOJIMYECTBO OUT Ha OTCYET IPH PETUCTPALUH, a TaKkkKe COPMHUPOBATEH 3BYKOBOH (haili.

CdopmupoBanHbIii (aiii ganee MocTynaeT Ha 1udpoByr0 00pabOTKyY, MPOIEAYPhl KOTOPOH pean3yroTCs
B cucteme komnblotepHoii Marematnku MATLAB [9]. [Ipeumymiecra cucrembt MATLAB 00yciioBieHb! TeM,
YTO MOXHO HCIIOJIb30BaTh aJTOPUTMUYCCKUI S3bIK I pealu3allii YHUKAIBHBIX MPOICAYp IUPpPOBOH 00pa-
0OTKM JaHHBIX, & TAK)KE IPUMEHSATH TOTOBBIE K MCIIOJIb30BaHHIO THITOBBIE (DYHKIMH ISl pEIICHUS 3a/1a4 aHaIn3a
(pPOBBIX TaHHBIX, HAPUMEP, pealn3annio mpeodpaszoBanus [mibdepra, oueHKy cnekrpa o0pabaTbIBaeMOro
CHTHaJa U T.J.

MeTtoauka u pe3yabTarThbl OﬁpaﬁﬂTKI/l MaTEpPUAJIOB PEruCTpanuu

CrpyKTypHasi cXeMa CHCTEMbI BBIZICTICHHUS PEUEBOT0 CHI'HANA, B KOTOPOH peasn30BaHa KBaJpaTypHas 00-
paboTKa MaTepraioB PErHCTPAIIMK, IPEACTaBIeHa Ha puc. 2 [2].

BBoz pedeBoro curaana mojb30BaTels OCYIIECTBIsIETCs ¢ paccTtosHus 0,7—1 M 0 HOpManu K OCH IBYyX-
9JIEMEHTHOM aHTEHHOH pPEIeTKH, T.€. B 00IacTH MaKCHUMyMa ee JHarpaMmbl HarpaBieHHOCTH. [loMexoBblIii cur-
HaJl BO3/IEHCTBYET MO/ YITIOM K HOpMaJIi OCH aHTEHHOH pPeIleTKH.
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Jlist popMupoBaHHS KBAAPAaTyPHOH COCTABIIONIEH HCIONB3yeTcs peodpa3oBanne [ mipbepra—XyaHra, Ko-
TOPOE HE TOJBKO 00ECIEeUNBAET KaYeCTBEHHYI0 00pa0O0TKy CUTHAJIOB C HECTAMOHAPHBIMU U HEIMHEHHBIMH HCKa-
JKEHHUSIMH, YTO TPUCYIIE aKyCTUYECKMM CHTHAJIAM, HO M JaeT BO3MOXXHOCTbH TOBBICUTH OTHOILICHHE CHIHAI/IIYM
(OCIII) 3a cuer UCKITFOYEHHS TIPH HEOOXOAMMOCTH 3aIIyMJICHHBIX MIEPBBIX MOAOBBIX (yHKumit [10—12].

Js popMHupoBaHHUS BECOBBIX KO3(D(GUIMEHTOB ; HCHOIB3YIOTCS aJaNTHBHBIC MPOLEIYPHI HX pacyera,

KOTOpBIE WMEIOT Ha3BaHHE ATOPUTMAa MHHUMyMa CpPEIHEKBAIApPAaTHICCKOTO OTKIIOHEHUS Yumapoy—Xodda [2].
[Tpu 5TOM pacyeT aJanTUBHBIX BECOBBIX KOI(P(OUIMEHTOB OCYIIECTBISCTCS 0 IIYMOBOMY CHTHAILY, HalIpUMED,
Ha dTale HISHTU(HKALUK [10Jb30BaTelIs, a 3aTeM Ha dTale Bepu(HKalUK IOCISAHEMY MIPEAIaraeTcs Npou3He-
CTH 33/IaHHYIO MOCJIEA0BATENBLHOCTD LIH(D.

OrieHKa KayecTBa BBOJIa PEYEBOT0O CHrHajla IPOU3BOANTCS Ha (POHE TOMEXOBOTO BO3AEHCTBUS MHTEHCHB-
HbIX HOIYMOB YJIMIIbI, 4 TAKXKC B 3aMKHYTOM IMOMCIICHUH. B MOCJIEAHEM CIydac B KaUCCTBE IMOMEXOBLIX UCTOYHU-
KOB BBICTYIAeT IIyM padOThl KOMMYTAalMOHHOH anmaparypbl ¥ cepBepoB. B kauecTBe Moje3HOTO cUrHajia Hc-
noJb3yeTcs pedeBoit curaan uudp (ot 0 10 9).

[lanee mpeacTaBiieHbl pe3yJbTaThl SKCIIEPUMEHTANIBHBIX HCCIIEI0BaHUH, MTOIy4YeHHbIE [IPU 4acTOTe Bpe-
MeHHoH auckperuzanun 44 u 64 k.
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Puc. 2. CTpykTypHasi cxema cUcTeMbl BBOAA U BblAENEHMs peveBoro curHana: M1 n M2 — MukpodoHbl;
(m/2)— nporpammHble hopmmpoBaTeny KBaApaTyPHOWM COCTaBNAIOLIEN; ®, — BECOBbIE KOIMULINEHTLI;

i=1,...,4; (X)— ymMHOXUTENW, peanuaylLume BecoByto 06paboTky; (+) — cymmartop
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Puc. 3. PeyeBow curHan undpsbl «1» nonb3oBaTtens cucTeMbl ayTEHTUDUKALUN N €r0 KKOPOTKUN» CEKTP:
peyeBoV curHan (a); «kopoTkuiy cnekTp (6). Yactota anckpetusauum 44 ki
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Puc. 4. CnekTp cmecu, 3aperncTpmpoBaHHOW O4HUM KaHarnoM (MUKPOGOHOM), 1 CMEKTP BbIXOQHOMO CUrHana
npegnaraemMown cuctembl LndpoBon 06paboTkM ABYX KaHAMNOB: CNEKTP CMECH, 3aperncTpupoBaHHON OQHUM
KaHanom (a); cnekTp BbIXOQHOIO CUMrHana cuctemMbl 06paboTku (6). YacTtoTa anckpetmsaumm 44 kiy,

st mpuMepa Ha puc. 3, a, IpeCTaBIeH peueBoi cUrHai IUGpPHI «1» ¢ 4acTOTOH BpEMEHHOH ANCKpeTH-
3anuu 44 xI'1, a Ha puc. 3, 0, ero «KKOPOTKHID» CHEKTP.

Ha puc. 4, a, npencraBiieH «KOPOTKHI» CIIEKTP CMECH YKa3aHHOTO PEYeBOTO CUTHajla M IIyMa YIHIbI, KO-
TOPBIN 3apEeTUCTPUPOBAH OJHUM U3 MBYX KaHaioB (oguH MuKpodoH). OCI paccmaTpruBaeMoii CMECH COCTABIIS-
eT equHUIBI neruben. Ha puc. 4, 6, mpencTaBiieH «KOPOTKHID) CHEKTP Pe3yIbTaToB MUPPOBOH 00pabOTKH ABYX
KaHaJIOB C yYETOM KBaJpaTypHBIX COCTABIISIONINX U MOCIIELYIOLIETO HX BECOBOTO CyMMHUPOBAHHS, T.€. BEIXOJHOH
CHUTHAJI IIpeJIaraeMoi CHCTeMBbI 00padoTku (puc. 2).

KauecTBeHHBI aHanMN3 CIIEKTPOB pHcC. 3, 0, U puc. 4, a, CBHIETENBCTBYET, YTO B 00JIACTH BBICOKMX YacTOT
(6omee 4 xI'1) criekTpagbHAS IVIOTHOCTH MOIIHOCTH JJISl OHOTO KaHaja PerHCTPALlH YBEIUIUBACTCS IIPUMEPHO
Ha 20 nb. B T0 e Bpems pe3yabTaThl MpeaaraéMoi CUCTEMBbI BBIJIEJICHHUS PEUEBOTO CUTHANIA CBUETEIbCTBYIOT
O BHAYUTCJIIbHOM IMOAABJICHUH BBICOKOYACTOTHBIX COCTABJIAOIINX, O6yCHOBHeHHbIX BJIMSIHUEM LIyMa.

JIyist KOJMYECTBEHHOIO0 aHaliu3a PEe3yNbTaToOB PErucTpauuy U oO0pabOTKH OBLIM HCIIONB30BaHbI CIIEIYIO-
IIMe M0Ka3aTeNy OLEHKH KaueCTBa BBOAA M BBIJEIICHUS PEUEBOTO CUTHAJIA HA ()OHE IIYMOBBIX [OCIIEOBAaTEIIb-
HOcTel: Koa(huIMeHT B3aMMHON KOPPEJISIIN U CPEIHUH «KBaaApaT HEBSIZKIY.

KoadduimenT B3auMHON KOppESIUN OLIEHUBAJICS MEXILY IOCIIEI0BATEIEHOCTHIO «KOPOTKOT0» CIEKTpa
peudeBoro curHana mudp (ot 0 1o 9) U MOCIeTOBaTEIFHOCTEIO CMECH YKa3aHHOTO CHTHAJla M ITOMEXOBOTO BO3-
JIEHCTBUS HA BBIXOJE OJHOTO KaHAJa PEeruCTPaluyl (WK Pe3ylbTaToB MpeaiiaraeMoil cXeMbl 00paboTKu Iudpo-
BBIX JaHHBIX JBYX KaHaioB). [lns pacuera xod¢hQuIMeHTa B3aUMHON KOPPEIALHH HCIOIb30BaJIOCh N3BECTHOE
COOTHOIIIEHHE JUIA ABYX JUCKPETHBIX MOCJIEN0BATEIbHOCTEH

N A
D (K =my)-(K,—m,)
k= i=1 ,
\/(Kl _me)z (I%l _mr)2

rie K; u K; — aHanusupyemsle IU(POBbIE IIOCIEI0BATENbHOCTY; i =1,..., N — HOMEep OTCUeTa aHAIU3UPYeMOH

MoCJICA0BATCIIbHOCTH, N — konnyecTBO AHAJIM3UPYEMBIX OTCUYETOB; m,, m, — OLCHKU MATEMATHUYCCKOIO OXXH-

JIaHUST aHAJIM3UPYEMBIX MOCIIE0BATENbHOCTEN.

3aBucumMocth ko3 ¢unnenta B3auMHoil koppensinuun or OCIHI npeacTaBiaeHsl A1 Pa3iIMYHBIX YacTOT
BPEMEHHON JUCKPETU3ALMU HA PUC. 5.

W3 aHanm3a mpencTaBICHHBIX 3aBHCUMOCTEH CIIENyeT, 9YTO KO3 PHUIMEHT B3aMMHON KOPPEISIHu ciaabo
usmensiercs npu Hu3koM OCILL TTo 3To¥ mpuyrHe ObLUT BBEICH €Ie OJUH 0Ka3aTellb — CPSAHUN «KBaapar He-
BA3KI» (M ), A1 pacyeTa KOTOPOTO UCIONb30BAIOCH COOTHOIIEHHE

N A
D (KK
_ =1
" N

[Tpu mocTpoeHnu 3aBrCUMOCTEl cpemHero «kBaapara HeBs30k» oT OCIL BeImonmHAIACH H3BECTHASI HOP-
MHUPOBKA!

A N~ Nmin
n=——_":

MNmax ~ Mmin
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TAC Mpin > NMmax — MUHHMaJIbHOC U MAaKCMMaJIbHOC 3HAYCHUC aHATIN3HUPYCMBbIX MoKasareyei. Yka3zaHHas HOpMU-

POBKa IMO3BOJIUT MPUBECTU Cpe}.‘[HI/Iﬁ «KBaJpaT HEBA30K» K AWAIla30HY OT 0 a0 1 (HOpMI/IpOBaHHaH «HerBKa»),
KOTOpast, B CBOKO OYCPC/ib, YHPOCTUT NPOLCCC CPABHUTCIIBHOIO aHAJIN3a MOJTYUYCHHBIX PE3YJIbTATOB.

=09 S 0,94

g g

; ;
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] @]

< N

i) =

S 07 5 0.86

= =

5 5

g 2 0,82
m

= 0’6 =

5 &

= = 0,78

2 05 )

=

5 T 0,74

< 10 -5 0 5 10 15 20 £ 15 -10 -5 0 5 10 15 20

OTtHOMIeHUE cCUTHAN/ITYM, b OTHOWEeHne cUrHa/mym, n1b

CrmnonrHas — 1 kaHa, INTPUX-TyHKTAP — 00paboTKa 2-X KaHAJIOB
a 9]

Pwuc. 5. SkcnepuMeHTanbHble 3aBUCMMOCTH KO3bdurLmeHTa B3aUMHON KOPPENSLUM OT OTHOLLEHUS CUTrHan/LWym:
YacToTa BpeMeHHoN anckpeTunsaumm 44 k'y (a); 4yactoTa BpeMeHHoW aguckpetmaauun 64 kly (6)

3aBHCHMOCTH HOPMHPOBAHHON «HEBS3KI» IS YaCTOT BpeMeHHOU auckperm3anuu 44 n 64 xI'n or OCII
Mpe/ACTaBICHBl Ha puc. 6, a, 0, COOTBETCTBEHHO. AHaNN3 IPEJCTABICHHBIX 3aBHCUMOCTEH MO3BOJISET ClIENIaTh
BBIBOJI, YTO MPEIUIOKCHHAs CHCTEMa BBO/IA 1 BBIJICJICHHSI PEUCBOTO CHTHAJIA TTOJI30BATENs sBiIseTCs Ooree 3¢-
(heKTUBHOM IO OTHOIICHHIO PETHCTPALMK Ha OJHMH MHUKPO(OH mpu o0paboTke mociemosarenpHocTeii ¢ OCII
menee 10 nb. ITpu OCI 6onee 10 1b Bo3HMKAIOT MPOOIEMBI ¢ (OPMUPOBAHHEM aJalTHBHBIX BECOBBIX KO3(-
(unneHTos no caaboMy IIyMOBOMY CHTHAIY, & TAKXKE CKa3bIBACTCS BIMSHUE HEMICHTUYHOCTU XapaKTEPUCTHK
KaHaJIOB perucrpauuu. B 3ToMm ciaydae mpu HU3KOHM yacToTe BpeMeHHOI nuckperusanun (MeHee 44 kI'1) MoxHO
OrpaHUYUTHCA HPUMCHECHHUEM OHOI'O KaHajla perucrpaiuu.

[IpesncTaBneHHbIE PE3YJIBTATBl OTHOCSATCS K CIy4alo BBIIEJICHHs peueBoro curHana nudpst «1» Ha GoHe
WHTEHCHUBHBIX IIYMOB YIHIBL. AHAJIOTHYHBIC 3aBHCHUMOCTH MOJY4YalOTCs NpU 00pabOTKe pedyeBbIX CHI'HAIOB
JIpyrux nudp Ha GoHEe MHTEHCUBHBIX IIYMOB KOMMYTAallMOHHOH anmaparypsl U cepBepa.

1 1

3 3
5 5
g 0,8 s 0,8
Z g
5 0,6 % 0,6
o =
5 5
5 04 204
< =
= =
g 02 g0.2
T T

0 0

-15 -10 -5 0 5 10 15 20 -10 -5 0 5 10 15 20
Otnowenue curuan/uym, 1b OTHoIeHUe cUrHaN/mym, nb
CrutomHas — 1 kaHaJI, IITPUX-ITYHKTHP — 00paboTKa 2-X KaHaJIOB
a 6

Puc. 6. SkcneprMeHTanbHble 3aBUCMMOCTY HOPMUPOBAHHOW «HEBSA3KM» OT OTHOLLEHUSI CUTHAN/LLyMm:
yacToTa BPeEMEHHOW anckpeTmnsauum 44 'y (a); 4actota BpeMeHHOM auckpeTtmdaumm 64 kiy, ()

3akjrouenue

PaccMmoTpeHsl pe3ynbTaThl 3KCIEPUMEHTAIBHBIX UCCIEA0BAaHUN MPOrpaMMHO-aNIapaTHBIX CPEACTB BBO-
Jla ¥ BBIJICTICHUS PEUEBOT0 CHI'HAJIA TI0JIB30BATENISI B CHCTEMaX T'OJIOCOBOM ayTeHTU(HUKALUK. ATIIapaTHBIE Cpeji-
CTBa BBOZA PEUYEBOTO CHTHAIA BKIIOYAIN JIBa MUKPO(OHA, PAcIOI0KEHHbIE HA PAcCTOSHUU 20 MM, M CXEMBI
MPEeABAPUTEIHHOTO YCHICHHUSI CHTHAJIOB 3BYKOBOM 4aCTOTHI K&)KAOTO KaHa/a, KOTOPBIE TOAKIIOYAINCh K 3BYKO-

Hay4HOo-TexHNYeCcKnii BECTHUK MHCpOPMALMOHHBIX TEXHOMOTMIN, MEXAHUKM U OMTUKA 81
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne 5 (93)



OKCNEPUMEHTAJIbHLIE UCCITEJOBAHNA NMPOIPAMMHO-AITAPATHbBIX...

BOH KkapTe HOyTOyKa. [Iporpammusie cpenctBa copepxkamu aymuopenakrop COOL EDIT u cuctemy KOMITBIO-
tepHoil Matematuku MATLAB. Aynnopenaktop COOL EDIT no3Bomsin copmupoBaTh 3ByKOBOH (haiin ¢ 3a-
JAHHBIMH XapakTepuctukamu, a B cucreMe MATLAB 0buia peanuzoBana mudposas 00padboTKa, BKIFOYAIOIIASL
YUET KBaJPaTyPHBIX COCTaBJIIOIINX PETHCTPUPYEMBIX ITOCIEIOBATEIBHOCTEN € NCIIOJIB30BAHUEM IIPe0Opa3oBa-
Hust ['miapbepra—XyaHra ¥ pacdeT aJanTHBHBIX BECOBBIX KOA((HIIMEHTOB Ha OCHOBE ajropuTMa MHUHHMYMa
CpeIHCKBAAPaTUIeCKOro oTkioHeHus Yumapoy—Xodda. IIpemiokeHHbIC TEXHHUYSCKHE PEIICHUS MO3BOJIIFOT
MOBBICUTH 3HaYE€HHE OTHOLICHUS CUTHAI/IIYM PErHCTPUPYEMBIX pedeBbIX cUrHajioB 7o 20 nb B n1uana3zoHe vac-
toT oT 4 5o 8 kI'u. Ocob0 3 deKTUBHBIMY MPEIOKEHHBIE TEXHUUECKHE PEHICHHS SBJISIOTCS TPH 00padoTKe
IU(POBBIX MMOCIEA0BATENEHOCTEH PETUCTPUPYEMBIX CUTHAJIOB IIPH OTHOIIEHHH curHan/mrym mernee 10 nb.

[Tonmy4eHHbIe pe3ysIbTaThl MOTYT OKa3aThCs MMOJIE3HBIMU M ITPH PELICHUN MHBIX 3a/1a4, CBI3aHHBIX C 00pa-
OOTKOI peyeBbIX CUTHAJIOB B KOMIIBIOTEpaX, HAPUMED, IIPH Pa3IM4YEeHUN JTUKTOpPa, MOCTPOSHUH CHUCTEM (u3u-
yeckoro nocrymna. /lanpHeimme ucciaeoBaHus OyIyT CBsSI3aHbI C pa3pabOTKOM Mpoueayp KOMICHCAIMHU TTOMe-
XOBBIX CHUTHAJIOB B 00JTaCTH HU3KHX YacTOT.
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