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CJIVXOBOU AIIITAPAT, MHTETPUPYVEMBIH B OITPABY OUKOB

OO6nacTb TEXHUKH

Hacrosiiee n3o0peTeHre OTHOCUTCS K OTIPAaBe OYKOB, COEPKAIEl CTyXOBOH anmapar,
IIPU 3TOM OIpaBa OYKOB COAEPIKUT MO MEHbLIECH Mepe BCTPOESHHbIE MUKPOGOHBI U IH(POBOH
CHUTHAJIBHBINA TIpoIieccop, obecrnedynBaroIuii GopMUpPOBaHHE AMATPAMMBI HANPaBICHHOCTH
MUKPO(OHOB, TPU OSTOM CIYXOBOH ammapaT OCYILIECTBJIsIeT OECNpPOBOMHYIO CBsi3b C

HayIHUKaMH, BCTABJIIEMBIMHU B YCJIOBCUCCKOEC YXO.

[Ipenmocbuiku co3naHust U300peTeHUs

Hacrosimee n3o0peTeHne OTHOCUTCS K ONpPaBe OYKOB, CIyXKAleil OMOPHOW PaMKOH,
KOTOpasi OANIEP’KUBAET PA3JIMYHbIE NATYHKH, oOecneunBaromye GyHKINOHAIBHOCTh U COOp
JaHHBIX [ ciayxoBoro amnmapata. CoBpeMeHHas TEXHOJOTHS HHTETrPAbHBIX CXEM
o0ecreynBaeT MOBBIEHHYI IUIOTHOCTh U (DYHKIMOHAJIBHOCTh MPH MajbIX pa3Mepax
IUIACTUHBl JJI1 COOTBETCTBYIOIIMX L€Med, 4YTO MO3BOJIIET HMHTErpUpPOBATh AATUUKU U
BCTPAMUBATh BBIYUCIUTEBHYIO CUCTEMY, copepxkainyo o MeHsineil Mepe ogay SOC (System
On Chip, cucrema Ha uune) u no Mmesblielr mepe onuH DSP (Digital Signal Processor,
1(pOBOH CUTHAJBHBIN MPOLECCOP) B ONPABY OYKOB COIJIACHO HACTOSIIEMY H300pPETEHUIO.
Mtuorue cuctemsl SOC nonaepskuBatoTcs onepaunoHHon cuctemoit LINUX u npaiiBepamu
ycTpoiicTB onepauuoHHo cuctembl LINUX, nogaep:kMBarOIMMH pa3IudHbIE THUITbI JATYUKOB
U JIeJal0IIMX JOCTYHBIMU cxembl DSP.

OnMH W3 aCmeKTOB HACTOALIETO HM300PETEeHHsT OTHOCUTCS K MPOTPAMMHOMY
NPUIOKEHUIO, KOHQUTYPHUPYIOLIEMY YIIPaBJIsEMbIe KOMIIBIOTEPOM YCTPOHCTBAa CIYXOBOTO
ammapara Uil BBINOJHEHUS pAa3IUYHBIX (YHKUUH CIyXOBOTO armapara, Harmpumep,
(bopMHUpOBaHUS THArPAMMBbI HANIPABIEHHOCTH MUKPO(GOHOB.

Takoe ¢opmupoBaHHe IUarpaMMbl HANpPaBIEHHOCTH MOXKET ObITh BBINOJHEHO BO
BcTpoeHHOM DSP mon ympaBieHueM MporpaMMbl, BBIMOJHAEMONH BO BCTPOEHHOH cHCTeMe
SOC, um auarpammbl HalpaBJI€HHOCTH MOKET HMETh pa3Hble HalpaBJIeHMs], HalpuMmep,
OTHOCUTEJIbHO TMepelHel CTOpPOHbI OmNpaBbl OYKOB. Takue W3MEHEHHs JuarpaMMbl
HAMpaBJIE€HHOCTU MOIYT TaKKe BKJIKOYAaThb W3MEHEHHE IIHUPUHBI JIENIECTKA UarpaMMbI

HarpaBjieHHOCTH. 3MeHeHne (OopMbI JierleCTKa OTHOCHTEIbHO HAPABICHHS W/WJIH IIHPUHBI



2.

AMarpaMMbl HaINPaBJIEHHOCTH MOJKET IPOUCXOAUTh ABTOMATUYECKH B 3aBHUCHMOCTH OT
CUTHAJIOB HA BBIXOZ€ IATYHKA, HANPUMEP, THPOCKOMUYECKOrO YCTPOICTBA, BCTPOEHHOIO B
OIpaBy OYKOB, IOJ ympasieHueM, Hanpumep, cucrembl SOC. M3meHeHue GopMmbl jenecTka
MOXKET TakXe OBbITb BBIIOJHEHO MOJIb30BATE]IEM OIPaBbl OYKOB COIVIACHO HACTOSILIEMY
M300pPETEHHI0 MOCPENCTBOM JKECTOB, OOHAPY KMBAEMBIX CHCTEMOH OOHApy KEHUS KECTOB,
TaK>Ke BCTPOEHHOH B OMPaBy OYKOB.

B onpaBy O4YKOB MOXHO BCTPOMUTb M JPYTH€ THUMBl JATYUKOB, HAMPUMED,
TUPOCKONMMYECKUI JaTYUK C HECKOJBKUMH OCSMH, NATYUK M3MEPEHHs PACCTOSIHHS U T.J.,
BBIXOJHBIC JIAHHBIE TAKOTO JATYMKA MOTYT ObITh YacCThIO NETIH TNPUHSTHA PEIIEHUs, IS
koroporo cucreMa SOC MoxkeT ObITh CKOH(HIYypUpOBaHA BCSKHUI pa3, KOrjua, Hampumep,
cliefyeT MPOU3BeCTH (POPMUPOBAHHUE AHATPAMMBI HATIPABIEHHOCTH MUKPO(OHA.

H3BecTHBI pUMEPBI PAa3IMYHbIX PEIIeHUH U CIYXOBBIX ammapartoB. Hampumep, B
natenre JP 6514599 B2 packpelTa ompaBa OYKOB, MNOAAEPKUBAKOINAs HANpPABJICHHBIE
MHUKPO(OHBI, PACIONOKEHHbIE Ha TEPEeAHEH CTOPOHE ONpaBbl OYKOB. BceHarpaBlieHHbIE
MHUKPO(OHBI HAXOISATCSI COOTBETCTBEHHO Ha JIEBOHM M MPaBO Iykkax oukoB. Kpome Toro, Ha
JIEBOM W MPABOU Jy>KKaX OYKOB PACIOJOKEHBI JUHAMUKH.

Kpome Toro, Ha neBol Ay>KKE OYKOB HMMeeTCs nartduk kacanHus. Korma kacarorcs
JaT4YrKa KacaHusl, HalpaBJieHHbIE MUKPO(OHBI aKTUBU3UPYIOTCS U ay AMOCUTHAJ TIEPEAeTCs B
TUHAMUKU.

B noxymente CA 2559844C packpeita cucreMa u crnocod obecneueHns: aKy CTHIeCKOM
cBsi3u. CorylacHO MpUHUMIAM 3TOH myOsukanuu, onpasa (10) OUKOB COAEPIKUT MO MEHbIIEH
Mepe OOWH HampaieHHbIi Mukpodon (13, 15, 16), npenHasHaYeHHbIH Ui OOHAPY KEHUsI
TOJIOCOBBIX CHUTHAJIOB mosib3oBatessi (21), u cpeacrsa (12) cBsi3W, MpeaHA3HAYECHHBIC IS
nepeaydl CUTHAJIOB B 3JIEKTPOHHBIE ycTpoiicTBa (30), Tak YTOOBI HANPABJIEHHOCTH IO
MeHblLIeH wMepe omHoro Mmukpodona (13, 15, 16) MoxHO ObUIO OTPEryJHpOBaTH IS
nojb3oBatens. HampaBieHHble MHUKPO(GOHBI MOTYT OBITh, HANPHUMEpP, BBIMOJIHEHBI Kak
MHUKPO(OHHBIE PEIIETKH H/WIM COTJIACHO TEXHOJOTHMU MUKPOIJIEKTPOMEXAHHUYECKUX CHCTEM
(MEMS).

B marente US 6690807 B1 packpeIT ciyxooii armapat (1), comepkamuii CiyXoBble
mMozayaH (3), YCTAaHOBJIEHHbIE HAa KOHIIAX AYKEK OMpaBbl (2) OYKOB, NMPH 3TOM YKa3aHHbBIE
MOJIYJIH CTIOCOOHBI Y I€P>KUBATh OMPABY OYKOB HA yXe€ MoJib30Baressi. Kpome Toro, y iy XoBbIX
MoxyJei numeercs gpacoHHas 4acThb (5), KOTOpas MPOXOIUT B CIYXOBOHM KaHAJ, HE 3aKpbIBas

NIOCJIEZTHETO, ¥ B KOTOPOW MMeeTcsi oTBepcTre (6) Il BbIXOAa 3ByKa M3 MonyJsiss. Moaymu
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COAEpKAT AWHAMHYECKHE T'POMKOTOBOPUTENH C JIMHEMHOM 4YaCTOTHOW XapaKTEPUCTUKON
CHeKTpa JUJIs yJIy4dLIeHUs pa300pUYMBOCTH peud. DTO MO3BOJSIET CO3/aTh CIYXOBOH ammapar,
KOTOPBIM KOMIIEHCHPYET YMEPEHHYIO MOTEPI0 ClIyXa, MOXET ObIThb M3TOTOBJIEH JIETKO U
AeneBo, ynoOHeH B HCIIONb30BAHMM M HA TEPBBIH B3MUISAA HE BBIMJIIAWT IUISI CTOPOHHETO
HaOJIroAaTeNs Kak CIyXOBOH armapar.

B noxymente EP 3496417 packpblT CIOyxOBOH ammapar, aJanTUPOBAHHBIN K
HABUTAL[HOHHOW CHUCTEME, B CIIoco0 BBIMOJIHEHUsT HaBurauuy. OnpaBa OYKOB CO MHOKECTBOM
Pa3INYHBIX TaTYMUKOB, TAKUX KaK AJATYUKU U3MEPEHUS PACCTOSIHUSA, TATYNKU MATHUTHOTO OJIS
U T.Jl., UCIIOJIb3Y€TCs] CUCTEMOM B T€UYEHHE BPEMEHHU Il T€HEepaLy JaHHBIX, OTHOCAILIUXCS K
TEKyIeW OKpy»Kalolehd cpeae BOKpyr mnoab3osatens. Kpome Toro, cucrema
CKOHQUTYpHpPOBaHA Ui  ONPEAETICHHUS  MECTOIOJIOKEHHsST  TOJNb30BATENsI  CUCTEMBI
OTHOCHTENIbHO OJIHOrO0 WM 0ojiee MCTOYHHMKOB 3ByKa. Hampumep, mMoxker ObITH CO3maHO
oroOpaskeHHe OOHAPYKEHHBIX PagHO M MArHUTHBIX HAPYIIEHHH W TMPENCTaBIEHO B BHUJE
KapThl, BHIUMOW B MOOHMJIBHOM TenedOoHe, CBA3aHHOM C cucTeMoil. IIpu 3TOM BO3MOXKHO
¢dbopmMupoBaHHe nHArpaMMbl HAIPABIEHHOCTH MHUKPO(GOHOB B HAIPABICHHH HCTOYHHKOB

3ByKa, PaCIOJIOKEHHBIX U BBIOPAHHBIX HA 3TOH KapTe.

Lenp nzoOpereHus

B 4YacTHOCTH, WENBIO HACTOSILEr0 H300pPETEeHUs SBISETCS CO3MaHUE CIIYXOBOTO
amnapaTta, COIEepIKallero OIpaBy OYKOB C BO3MOKHOCTBIO ayAanooOpadoTKH, KOTOpas
obecrieunBaer (HOPMHUPOBAHKE IMArPAMMbI HAIPABIEHHOCTH, 3aBHUCSIIENH OT HATpaBIICHHUS,
pPacCTOsIHUS A0 UCTOYHHMKA 3BYKa U IIMPUHBI UICTOYHUKA 3BYKa, HAIIPUMED, TPYIIIIbI JIOACH.

Eme omHa wenp HACTOSAIIErO H300pPETEHHUs] 3aK/IOYAETCSl B CO3JAHHM PELICHUS,

AJBTCPHATUBHOI'O U3BCCTHDBIM.

CymHocTh H300peTeHus

BrimeykazaHHast Leb U HECKOJBKO JPYTUX LEJIeH NOCTHUTHYTHI B MEPBOM AacIIeKTe
HACTOSIILIETO M300PETeHMs1, OTHOCSIIEMCS K CIIyXOBOMY alllapary, HHTEIPHPYEMOMY B OTIPABY
OYKOB U COZIEPrKAIEMy T10 MEHbIIEeH Mepe OHY MUKPO(OHHYIO PEIIeTKY, PACTIOIOKEHHYIO Ha
MOBEPXHOCTH TMEPEeOHEH CTOPOHBI OMNpPAaBbl OYKOB, NaTYUK H3MEPEHHUs] PACCTOSHUS M
TUPOCKONMYECKUI AAaTYUK, NMPH 3TOM IHppoBoi curHampHbIN npoueccop (DSP), kotopsM

ynpasisier cucreMa Ha gure (SoC), obecrieunBaeT o MeHblIel Mepe GopMHUpOBaHHE JIETeCTKa
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AMarpaMMbl HAINpaBJIE€HHOCTH B 3aBHCHUMOCTHU OT COOTBETCTBYIOIIMX BBIXOJHBIX CHTHAJIOB
JaT4YMKA, TIPH 3TOM:

- HaIlpaBJIeHHE JIETIECTKA AMArpaMMbl HAIpPaBJIEHHOCTH HAa UCTOYHMK 3BYKa 3a/1a€TCs
OTHOCHTEJIbHO CKOH(UTY pHPOBAHHOH MUKPO(OHHOM perieTky,

- IIMPUHA JIETIECTKA AMAarpaMMbl HAMPABJIEHHOCTHU 33JJa€TCsl HA OCHOBE PACCTOSIHUS 10
UCTOYHHUKA 3BYKa,

- OTHOCHUTEJIbHBIE YTJIOBbIE H3MEHEHHSI, 00HAPY )KEHHbIE THPOCKOITMUECKUM JATYHKOM B
3aJaHHOM HAIPaBJICHUH JIETIECTKA JIy4a, 3acTaBisiioT cucteMy SoC 3arpyaTtb W3MEHEHHE
napameTpoB B npoueccop DSP, MeHsist miupuHy AuarpaMMbl HAPAaBIEHHOCTH B COOTBETCTBUH
¢ OOHapY KEHHBIMH YTJIOBBIMH U3MEHEHHSIMH, WU

- OTHOCUTENIbHbIE H3MEHEHUS H3MEPEHHOIO PACCTOSHUS 10 HMCTOYHHKA 3BYKA,
OoOHapy KeHHbIE JaTYUKOM H3MEPEHUsI PACCTOSHUS, 3aCTaBJSIFOT cuctremy SoC 3arpykath
U3MEHEHHEe MapamMeTpoB, MOAUPUIMPYIOIINX LIHUPUHY AHATPAMMbI HAMpPABIEHHOCTH B
COOTBETCTBHUH C YBEIMYCHUEM WM YMEHBIICHUEM pa3Mepa NCTOYHHKA 3BYKa B MEPCIIEKTUBE,

€CJIN PACCTOAHUE OO UCTOYHHUKA 3BYKa MCHACTCA.

Kparkoe onncanue ueprexen

Huxe cnyxoBoil ammapar CcOIIacHO HACTOALIEMY H300peTeHuro omucaH Oonee
noApoOHO CO CChUTIKAMM Ha CONPOBOKAArOIMeE uepTesku. Ha uepreskax mokasaHbl MPUMEPHI
BApUAHTOB BBIMOJIHEHHUS] HACTOSIIEr0 M300pETeHMs, U UX He ClIeNyeT PacCMaTpUBaTh Kak
OrpaHMYEHUs U1 APYTMX BO3MOXKHBIX BApPUAHTOB BBITIOJIHEHUS HACTOSINETO HM300peTeHus,
HAXOIALIMXCST B OObeMe NyHKTOB (opmynbl m3o0perenus. Kpome TOro, Kakabldi u3
COOTBETCTBYIOIIUX TMPUMEPOB BBITIOJHEHUS] HACTOALIEr0 W300peTeHUs] MOXKET OBITh
CKOMOWHHUPOBAH C JIFOOBIM U3 IPYTUX MPUMEPOB BIMOJHEHHUS HACTOSIIETO H300PETEHHS.

Ha ¢ur.1 nokasan npumep CIIyXOBOrO amnmapara COrJIaCHO HaCTOSIIEMY H300PETEHHIO.

Ha ¢ur.2 nokasan Buz criepeay npuMepa BbITOJIHEHUS] HACTOSLIETO H300pEeTEeHUsI.

Ha ¢ur.3 6onee monpoOHO MOKa3aH MPHUMEpP BBIMOJTHEHUST HACTOSIIETO H300peTeHuUs,
MOKA3aHHOTO Ha (ur.2.

Ha ¢ur.4 nokasan mpumep auarpaMMbl HAaIpaBJIEHHOCTH MHKPO(OHA COTJIACHO
HACTOSIIEMY U300PETEHHIO.

Ha ¢wur.5 nokasan npumep anropurma (GOpMHUPOBAHUS AHArPAMMBbl HAIIPABICHHOCTH

MHUKpPO(OHA COTJIACHO HACTOSIIEMY HU300PETEHHUIO.
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Ha ¢ur.6 nokasan npumep uHTepdeiica NONb30BATENs COTJACHO HACTOSILEMY
M300PETEHHIO.

Ha ¢ur.7 nokaszan npyroii npumep unTepdelica noiabp30BaTes COrJacHO HaCTOSLIEMY
M300peTEeHHIO.

Ha ¢wur.8 nokasan npumep GpopMupoBaHusl AUArPaMMBbl HAIIPABJIEHHOCTH MUKPOQOHa
COTJIACHO HACTOSIIEMY H300pETEeHUIO.

Ha ¢ur9 Oonee mnoapoOHO mokazaH mnpumep (HOpPMUPOBAHHS IAHATPAMMBI
HAMPABJIEHHOCTH MUKPO(OHA COTJIACHO HACTOSIIIEMY H300PETEHHUIO.

Ha ¢ur.10 nokazan apyroi npumep (HOPMHUPOBAHHS JHATPAMMBI HANPABICHHOCTH
MHUKpPO(OHA COTJIACHO HACTOSIIEMY H300PETEHHUIO.

Ha ¢ur.11 nokazan npumep BHIEOKAaAPA.

Ha ¢wur.12 nokazan npumep oOHapy KEHUs JIUIA COTJIACHO HACTOSIIEMY H300PETEHHIO.

Ha ¢wur.13 OGonee mnoxpoOHO moOKa3aH mnpuMep OOHAPYKEHUS JIHIA COTJIACHO
HACTOSIIEMY U300PETEHHIO.

Ha ¢ur.14 moxasaHsl pa3iuyHbIe MMOJIOKEHHUS YEOBEUECKONH T'OJIOBBI OTHOCHUTEIBHO
3aIMCBIBAOLIEH BUIEOKAMEPBL.

Ha ¢wur.15 nokazan mpumep KOHPUIypaluM anmapaTHOrO OOECIEYEeHHs COTJIACHO

HACTOSALIEMY U300pETEHHIO.

[TonpoGHoe onucanue

XoTst HacTosiee U300pETEHHE OMMCAHO B CBSI3M C KOHKPETHBIMHM BapHaHTAMH €rO
BBITIOJIHEHUSA, €T0 HE CJIEAYET pacCMaTPUBATh KaK OI'PaHUYCHHOC STHUMU IMPUMEPAMU. O6’beM
HACTOSIIIETO HM300pETEHUsl OmperesieH MyHKTaMu (opMyJibl u300peTeHus. B KOHTeKCTe
(bopMyJibI U300PETEHHSI TEPMUHBI «CONEPIKAIIUIY WA «COAEPIKUTY HE HCKIIOYAIOT PYTUX
BO3MOJKHBIX 3JIEMEHTOB WM 1HaroB. Kpome TOro, MCHOJb30BaHUE €IUHCTBEHHOTO YHCIIA HE
CIIENyeT paccMaTpuBaTh Kak MCKIFOYAKOIIee MHOXECTBO JJIEMEHTOB. VCmosbp3oBaHue
CCBUIOYHBIX TMO3MLUMH B MyHKTax (OPMYJIbI H300pETeHHs MpPH OMUCAHUU 3JIEMEHTOB,
MOKA3aHHbIX Ha YEPTEeKax, HE CIEAYeT pacCMaTPUBATh KaKk OrPaHUYMBAIOIIEE OOBEM
u3o0perenns. Kpome TOro, ornenbHble MPU3HAKH, YIOMSHYTHIE B PAa3IMYHBIX IYHKTAX
dbopMysibl  U300peTEeHUs, MPENNOYTUTEIHPHO MOTYT COYETaThCs, W YIOMHUHAHUE JTHX
Tpe60BaHHI>i B Pa3JIMYHbIX IMyHKTaX HE UCKIHOYACT TOr'0, 4TO KOM6I/IHaLII/I$I 9THUX MPU3HAKOB

BO3MOXKHA U NPCANIOYUTUTEIbHA.
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OmnpaBa OYKOB COTJIACHO HACTOSIIEMY H300PETEHHUIO MOKET HCIIONIb30BAThCS JIFOIbMHU,
CTpPaAIOLIIMMH YaCTUYHOM MOTepeit cilyxa, HO He 0053aTeNbHO NMEIOLTUMHU JTOTIOJIHUTEIbHbBIE
npoOJIeMbl cO 3peHueM. B Takux ciydasx onpasa O4KOB IPEACTaBIIsieT COOOH JIUIIb OMIOPHYIO
KOHCTPYKLHUIO, KOTOpasi MO3BOJSIET YIPOCTHTh, Hampumep, (GOpMHUpOBaHHE IHArPAMMBI
HAaIPaBJIEHHOCTH MHUKPO()OHOB, BCTPOCHHBIX B OINpaBy O4KOB. COrIaCHO OHOMY U3 aCIEeKTOB
HACTOSIIEr0 M300pETeH s, BCTABJISIeMble HAYIIHHUKH MOTYT MMEThb OECIPOBOIHYIO CBSI3b C
ONpPaBON OUYKOB.

dopMUpOBaHUE AHATPAMMbl HAMPABICHHOCTH 3BYKOBBIX CUTHAJIOB MPENCTABISET
co0ol TexHUKY 00pabOTKH CUIHAJIOB ISl YCUIICHHSI 3BYKOBBIX CHTHAJIOB C OTHOTO MJIH OoJiee
HAIPaBJICHUH MPH MMOJIABJICHNUHU 3BYKOBBIX IIIYMOB U 3BYKOBBIX IIOMEX C IPYTHUX HANPABICHUH.
Texnanka ¢QopMHupoBaHUS  JAMArpaMMbl  HampaBIeHHOCTH  H3BecTHa.  OOmenpuHATO
UCTIONIb30BaTh ~ BCEGHANPABJICHHbIE  MHUKPO(GOHBI WM  HANpaBJIeHHblE  MUKPO(DOHBI,
pacIioNo’keHHbIE B BHAE MHUKPOGOHHOW pELIETKH, Hampumep, JUHEHHOW. B oObeme
HACTOSIIIETO M300pETeHHsT MOXKHO HMCIIOJB30BATh Pa3JINYHble KOHPUTYpPALUN MHUKPO(POHOB B
MHUKPO(QOHHOW pelieTke, a TaKke BCEHAINPABICHHbIE MHUKPO(GOHBI U HAIPaBIICHHbIE
MHUKPO(OHBI WJIH KOMOWHAINIO 000HMX TUIIOB MUKPO(OHOB.

Taxkoe QopmupoBaHue auarpaMMbl HANPABIEHHOCTH MOXET OBITh OCYIIECTBJICHO
BCTpOeHHBIM IpoueccopoM DSP noa ynpasneHneM nporpamMmel, BBIIOJIHSEMOW BCTPOEHHOM
cucremoit SOC.

B onpaBy O4YkOB MOXHO BCTPOUTb U JApPYrH€ THUIMBI JATUYUKOB, HAIPUMED,
T'UPOCKOMUYECKUH NaTUUK, JATYUK U3MEPEHUs] PACCTOSIHUSA U T.1., U BbIXOHbIE CUTHAJIBI TAKUX
JaTYMKOB  MOTYT OBbITh  YAaCTBIO METJIM  MPUHATUS  PEIIeHHs, NPUHUMAEMOro
ckoH(urypupoBanHoii cuctemoii SOC BCsAkHMil pas, KOrna, HampuMmep, HY>KHO BBITIOJHUTH
(dbopMUpOBaHKE AUATPAMMBI HANIPABIEHHOCTH MUKPO(OHA.

Ecnu y yenoBeka ¢ 4aCTHYHOM MOTepel CIyXa UMEITCs, KpOMe TOro, MPOOIeMbl CO
3pEHHEM, OTPaBa OYKOB COTIIACHO HACTOSIIEMY H300PETEHUIO MOJKET COIEPIKATh BCTPOSHHY FO
BUJIEOKaAMepy, KOTOpas MOXKET ObIThb CKOH(UTYPHUPOBaHA [IJIsl YJYYIIEHHS BH3YaJIbHOTO
BOCIIPHATHS TIOJIB30BATENSI ONMPaBbl OUKOB. BeTpoeHHast BuaeocucreMa U MEKPO(OHBI MOTYT
ObITb CKOH(UTIYPUPOBAHBI JUIsI OOHAPYIKEHHsSI KOHTYPOB OOBIYHBIX OOBEKTOB, TAKHX Kak
MyCOpHasl ypHa Ha yJIHLE, TPUOIIDKAIOIINNACS aBTOMOOWIIb, MOKOMIAsi NTHLA U T.J., U CHCTEMA
SOC wmoxer ObITh CKOHQUIYpUPOBaHA IJIS TEPEeNadd 3BYKOBBIX T'OJIOCOBBIX COOOIIECHHIA,
YKa3bIBAIOIUX COOTBETCTBYIOIIHE OOBEKTHI IOJB30BATEIIO OIPABbl OYKOB IOCPEICTBOM

HayIMHUKOB, BCTABJISICMbBIX B HAPYIKHBIC CJTYXOBbIC KaHAJIbl TIOJIB30BATEIA OIPpaBbl OYKOB. OTta
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BO3MOXKHOCTh PACMO3HABAHUS PA3JIMYHBIX OOBEKTOB MOXKET TaKKe OBITh HCIOJIB30BAHA B
HEKOTOPBIX CLEHapusix (OPMUPOBAHMSA AMArPAMMbl HANPAaBIEHHOCTH, HANpuUMmep, i
pacro3HaBaHUs NTHULBI MO €€ MEHUI0 U OINpeNeeHHs HAaNpaBIeHUs Ha MNTULY. 3aTeM
dopMupoBaHHEe AMArpaMMbl HAIPABIEHHOCTH MOXKET ObITb BBINOJHEHO HMEHHO B 3TOM
HAaIIPaBJICHUH, HAIIPUMEP, HA OCHOBE IaHHBIX THPOCKOMNYECKOr0 AaTYHKA, 3a(UKCUPOBAHHBIX,
HanpuMep, KOTaa OrnpaBa OYKOB HAMPABJICHA HA MTHULLY, MU C UCTIOJIb30BAHUEM MUKPODOHHOI
peLeTK! AJi PacIO3HAHUS HATIPABJIEHUS.

B eme omgHOM mpuMepe BBIMOJHEHHS HACTOSIILErO H300pPETeHUs OmpaBa OYKOB
CKOH(UTY pHpOBaHa [T OOECTIeUeHHs CBS3U CO cMapTdhoHOM, Harpumep, nocpencrsom WI-FI
cBsi3u. MMerTcs mpuMepsl NMPUIOKEHUH, KOTOpbIE MO3BOJISIOT OOECTIEYHTh PaCIIUpEHUE
(byHKIMOHATBPHOCTH ONPABbI OYKOB COTJIACHO HacTosieMy n3odperennro. Hanpumep, nmeercst
npuwioxkenne noa HaspanueM "WHATBIRD", koropoe mo3BOJsieT ONMpenenuTb Ha3BaHUE
ITHULIBI HA OCHOBE 3aITMCAHHOHN MECHU NTHULBL. J{OTOIHUTENBHY0 HHPOPMALIHIO CM. TIO aJipecy
www.whatbird.no. DTo npumep cuTyanuu, Korma pemieHne mnpodseMbl CO  3pEeHHEM
o0ecreynBaeT TaKkKe peLIeHne BO3MOXKHOM ITpOoOIEMBI CO CIIyXOM, U HA00OpOT.

Hacrosimee nzobperenue npeanaraeT CiyxoBOH anmapar, COAep Kallii OnpaBy OYKOB
10 MEHBLIEH Mepe ¢ OJJHUM BCTPOEHHBIM IpoueccopoM DSP, nonmyuarouuii ay AMOCUTHATIBL OT
BBIOPAHHOIO KOJMYECTBA MHUKPO(OHOB, BCTPOCHHBIX B OIPaBy OYKOB, M mpoueccop DSP
CKOH(UTYPUPOBAH JUIsl BBIMOJIHEHHS PA3JIMYHbIX IIAroB 10 00padoTKe ayJUOCUTHANA, TAKUX
KaKk (OpMHpOBaHHE IUArpaMMbl HANPABICHHOCTH MHKPOGOHOB M oOlee yrpasieHUE,
HaIpuMep, peryInpoBka Ko3((UIMEHTOB YCHUIIEHHS U T.Jl. BCTPOEHHBIX MUKpodoHOB. Onpasa
OYKOB CKOH(UIypHpOBaHa MJisi TEpeAayvd, C TOMOLIbI0 OeCHpPOBOAHBIX TEXHOJIOTHH,
ayauocurHanos u3 npoueccopa DSP no aganTupoBaHHBIX HayIIHUKOB, BCTaBJISIEMBIX B YIIH
MIOJIb30BATENIsl OMPABbI OYKOB.

JlmarpaMmMa HamnpaBIEHHOCTH MHKPO(GOHA YCHJIMBAET 3BYKOBBIE CHTHAJBI C
KOHKpETHOro Mecta (WIM HampaBleHHWH HAa  WUCTOYHMKH 3BYKA) OTHOCHTEJBHO
CKOH(UTY pHPOBAHHOW MUKPOGOHHOH PEIIETKH, B TO BPEMS KaK 3BYKOBbIE CUTHAJIBI C IPYTHX
HaIpaBJIEHUH WK OT COCEIHUX MCTOYHHKOB 3BYKa MPUTIYIIAIOTCS MIIH Oochadisirores. Takast
BO3MO)KHOCTb TIOMOTA€T IOJb30BATEN0, HCIONb3YIOEMY OSTOT BapUaHT BBIMOJIHEHUS
HACTOSIIETr0 H300peTeHus, OT(IIBTPOBBIBATE KOHKYPUPYIOIIME HMCTOUYHUKU 3BYKa, HE
NPEACTABISIIOIINE UHTEpeca Ul MOJNb30BaTeNsA. ITO MOXKET IOMOUYb YEJNIOBEKY € YaCTUYHOU
HoTepeil cilyxa 3Ha4UTENIbHO SICHEE YCIbIIIATh, HATIpUMEp, peub YeJIOBEKa Iy TeM MOJaBICHUs

KOHKYPUPYIOIIHUX UCTOYHUKOB 3BYKA.
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B eme onHOM npuMepe BBITIOIHEHUS] HACTOSIIErO U300pETeHUsI ONpaBa OYKOB MOXKET
CoZiep KaTh MepBblii HAOOpP MUKPO(OHOB, PACIONIOKEHHBIH Ha TEPEOHEe CTOPOHE OIPaBbI
OYKOB, BTOPOIl HaOOp MHKpPO(OHOB, PACIONOKEHHBI Ha MEPBOW M3 JBYX OYXKEK OIpPaBbl
OYKOB, M TpeTHii HabOp MHKPO(OHOB, PACHOIOKEHHbIH Ha BTOPOH Iy’XKKE OMNPaBbl OYKOB,
cozep:kalleil 1Be Iy KKU.

Kasxaplit U3 COOTBETCTBYIOIUX HAOOPOB MUKPO(OHOB MOXKET OBITH CKOH(HTY pUPOBaH,
9yTOOBI NEHCTBOBATh KaK MHUKPO(OHHAS pElIeTKa MOMEPEeYHOrO0 M3Jy4YeHHs, W3BECTHAs W3
Teopur (POPMHPOBAHUSI JUATPAMMBI HANPABJIEHHOCTH MHUKPO(DOHOB, WJIM K€ BbIOPAHHOE
KOJINYE€CTBO MUKPO(OHOB U3 mepBoro Habopa u BToporo Habopa MUKPO(OHOB, WITH BEIOPAHHOE
KOJINYECTBO MUKPO(OHOB M3 NepBOro Habopa u TpeTbero Habopa MHUKPO(YOHOB MOXKET OBITH
BBINIOJTHEHO, HAIIPUMED, KaK MUKPO(OHHAS PEIIeTKa OCEBOr0 U3JyYESHUSI.

Onnako ¢opmHupoBaHHE IHArPaMMbl HANpPAaBJIEHHOCTH 3aBUCHT TakKXe OT THIIA
CLIEHAPHsl, YACTBIO KOTOPOTO SIBJISIETCS] YEJIOBEK C YaCTUYHON notepei ciyxa. [Ipusenennslit
BbILIIE TIpUMep (OPMHUPOBAHMS AUATPAMMBI HAIPABIEHHOCTH YKAa3bIBAET HA OJHY TaKYIO
CUTYaLHIO, B KOTOPOH «JIUAJIOr», HAIIpUMep, MPOUCXOAUT MEXIY ABYMs JIFOJbMU UM MEXITY
YEJIOBEKOM M OJHOW NTULEeH. [[pyror TN cueHapusi MOXKET UMETh MECTO, KOIZ1a YeJIOBEK C
JaCTUYHOM NoTepel cllyxa y4acTByeT B KOH(pEPEHIIUH, HAIlpUMep, 110 MEHbIIeH Mepe C ABY Ms
APYTUMH JTIOAbMHU.

ITosTOMy MOXET CyINeCTBOBAaTh MpoOJieMa: Kak, HalpUMep, YBEJIUYUTb LINPHHY
JIeTIeCTKa AMarpaMMbl HATIPaBJIEHHOCTH, YTOOBI IOKPBITh OOJIbIIE YeM OfNH HCTOYHUK 3BYKA,
KaK B 3TOM IpUMepe ¢ KOH(pepeHIHeil.

Hpyroii cueHapuil MOXET 3aKJII0YaTbCs B TOM, YTO YEJOBEK C YaCTUYHON MOTepeit
CJIyXa UJIeT M0 YJIMLE, 1€ UMEETCs CHIIbHBIH IIyM, KOTOPbII MOXKET MAaCKHPOBATh PeUb IPyTUX
JFOJIEH, MBITAIOIIUXCS YTO-TO CKa3aTh 3TOMY Y€JIOBEKY ¢ YACTUYHOW MOTEPEN ClyXa.

OnHako OT)WIBTPOBBIBAHHE IIyMa, HAYLIEr0, HANpuUMep, OT aBTOMOOWIIS,
NPUOIIKAIOIIETOCS K YEJIOBEKY C YACTHYHOM MOTEPEH CITyXa, MOXKET OBITh OMACHBIM, TaK KaK
Takoe OT(QUIBTPOBBIBAHME MOXKET MACKHPOBATh BO3MOXKHYIO OIACHOCTb, CBS3aHHYIO C
npubmokaromuMess  aBtomodmneM. [loatomy Bo3MOXHast mpobiiema, KOTOpas MOKET
CyLECTBOBAaTb, — 3TO KakK pa3Ju4YUTb HCTOYHUKU 3ByKa M IOCTPOUTH JUArPaMMBI
HAMpaBJIE€HHOCTH K KOHKPETHbIM HCTOYHHUKAM 3ByKa, HE€ yAauss HEKOTOpPBbIX Jpyrux
HCTOYHUKOB 3ByKa. B OIMpaBy OYKOB COrJIACHO HACTOSINEMY H300pPETEHHIO MOXKHO BCTPOHUTH
APYTHe THITBI JATYUKOB, KOTOPBIE ITO3BOJIST OOHAPY )KUTh, HAIPUMED, TAKHE MPUOIIIIKAOLITNECS

00BEKTHI, KaK aBTOMOOUJTb, BEJIOCUIIEN, MOTOLIMKJI M T.1I.
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AHaNOTUYHBIA CLIEHAPUI aKTyaJeH MPU CIEJOBAHNH NEIIKOM Ha IPHUPOJE, HAIIPUMED,
IO IEPEBHE B CEJICKOI MECTHOCTH, B rOpax WU B JIECY U T.A.

ITosToMy MOxeT ObITh HEOOXOIUMO CO37aTh OOJiee ODHOrO JIETIECTKA B JUAarpamMMme
HAaIPaBJIEHHOCTH, YTOOBI BBIOMPATH MEXKAY PA3IMYHBIMU MPYIIIIAMU BCTPOSHHBIX MHUKPO(OHOB.
Kpome Toro, Mosxet ObITh HEOOXOAUMO OOHAPYKUTH BO3MOKHBIH HCTOYHHK 3ByKa.

Ewie onuH cueHapuii MOXKET OTHOCUTBCS K UEJIOBEKY B IO€3]Ie, Pa3rOBapHUBAIOIIEMY C
KEM-TO, CHUAAIMM Brepead. POpMHpPOBAaHWE IUArpaMMbl HAMPABICHHOCTH COTJIACHO
HACTOSIIEMY H300PETEHHUI0 MOXKET OBbITh TOYHBIM, TAKUM 00pa3oM, MO3BOJISISI OCYIIECTBUTH
XOpOUIMI 3BYKOBOW KOHTaKT C YEJOBEKOM BIIEpeAM Bac. Y TaKOW OCTPON AuarpamMmbl
HAINpaBJICHHOCTH MMEETCs U HeNOCTaTOK. Ecim BaM Hy’KHO HAaKJIOHUTBCS, HaTPUMeEp, YTOOBI
HAWTH Kakue-To Oymary, MOIHATh OWJIET U T.A., KOTOPBIH BbINAJ U3 BAIIUX PYK, 3TO ACHCTBHUE
MOKET 3aHATb HeKoTopoe Bpems. Bo Bpems »Toro wuHTepBaja Balla AUarpamMma
HAIPaBJIEHHOCTH «CMOTPUT» BHHU3 Ha TOJ, U 3BYKOBOH KOHTaKT OyIeT MOTEpPSH M CHUJIBHO
ociabineH.

ITosTomy ¢opMHupoBaHHE THATPAMMBI HAMIPABIEHHOCTH MUKPO(GOHA MOXKET 3aBHCETH
OT ABW)XEHMs TOJIOBbI, HA KOTOPOH HAaxXOIMUTCS ONpaBa OUYKOB, BBIMOJHEHHAas COTJIACHO
HacTosimeMy n3obperenuro. J{st oOHapy KeHHUs TAKUX TepeMEIeHIH MOXKET UCTIONb30BaThCs
BCTPOEHHBI THPOCKONUYECKUH JaT4YUK, M CHCTEMAa MOXET ObIThb aJanTUpOBaHA I
MoAM(pUKAIMY AUATPAMMBI HAIPABJICHHOCTH JIETIECTKA MUKPO(OHA TaK, YTOOBI, €CIIH TaKoe
nepemMerneHrne OOHapy)KeHO, OXBAaTHThb M 4YeJOBeKa, cuasmero smepenu, u mos. Korma
OOHapy’>ke€HO, YTO TOJIOBA IBIDKETCS BBEPX, MOJKHO CHOBA 3a/efiCTBOBATH HCXOAHYIO
AUarpaMMy HampaBleHHOCTH Jienectka. PopMupoBaHHME JAHarpaMMbl HaIlpaBJICHHOCTH
MHUKPOQOHA MJOJDKHO YYUTBHIBATH HU3MEHEHHE OpPHUEHTAL[MM OMpPaBbl OYKOB COIJIACHO
HACTOSIIEMY U300PETEHHIO.

Ha ¢ur. 1 nokaszaHa TunuuHas KOH(UIYpalusl CIyXOBOTO ammapara COTJIACHO
HacrosimeMy u3o0perernto. OmpaBa 10 OYKOB TNOKa3aHa C YOAJIEHHOW KPBIIIKOH IyIKKH.
BHyTpH ny’kek OYKOB pacIioio’KeHa IMporpaMMupyemas 3JIeKTpOHUKa, Hanpumep Lenb DSP,
uarepdeiic cessu Bluetooth, kontposep, mampumep SOC (cuctema Ha yune) U T.O.
AKKyMyJISITOpbI M ApyTasi HeoOXOmuMasi JIOTUKA/3JIEKTPOHHKA TAKKE BCTPOEHBI B TYIKKY
OYKOB, a TaKXKe, BO3MOXKHO, B IEPEAHION0 YaCThb ONPaBbl OUKOB, yAepskuBarolel crekia. Llens
DSP, BcTpoeHHas B ONIPpaBy OYKOB, MOXKET OBbITh BCTPOEHA B 00€ Iy >KKH OUKOB, TO €CTh B JIEBYIO
U TIPaBYIO OY>KKH, TAKMM 00pa3oM MOTYT HCIOJb30BaThCs Be cxeMbl DSP. B aToMm ciyuae

onHa u3 AByX nerneit DSP o0pr4HO ckOHPUrypupoBaHa Kak Beaylee YCTPOICTBO, B TO BpeMsI
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kak apyras nenb DSP copmupoBaHa kak BemomMoe YCTPOHCTBO, YNPaBIIEMOE BENyINUM
ycrpoiictBoM. Benyee ycrpotictso DSP ocyiecTsisier 0ecripoBOAHY IO CBsI3b C HAY LTHUKAMHU
55 (unu «roJOBHBIMU TeNe(pOHAMU»), KOTOPbIE MOTYT ObITh BCTAaBJIEHBI B YIIHBbIE KaHAJbI
4eJI0BEeKa.

Korpa HaymHuk 55 BCTaBjaeH B yUIHOW KaHajl JIEBOIO yxa, a APYrod HayUIHUK 55
BCTaBJIEH B TMpaBoe yxo, nporeccop DSP B jeBoil Ayskke OYKOB MOXKET OCYLIECTBIISTH
0ecrpOBOHYIO CBsI3b C HAYIIHUKOM B JIEBOM yXe, B TO BpeMs Kak npoueccop DSP B mpasoii
Iy>KKe OCYILECTBJISIET CBS3b C HayHIIHMKOM 55 B mpaBoM yxe. CBs3bIO yIIpaBisieT Beayliee
ycrpoiictBo DSP, HO Takas KoOHQUrypamus IO3BOJSET MEpenaBaTh pPa3JIMdHbIE 3BYKH
OMHOBpeMEHHO B o00a yxa. Ota (QyHKOmsa 00ecneYyuBaeT TOJb30BATENIO 3BYKOBYIO
OKPY>KaIoIyIO Cpeny, KOTopasl sIBJIseTCs PENPEe3eHTATUBHON AJii HCTOYHUKOB 3BYKa C JIEBOM
CTOPOHbI OTHOCHUTENBHO NIpaBOM CTOpOHBL. [l 3TOH LEeaM MOKET HCIONb30BaThCs
MHUKpPO(OHHAsI peleTKa Ha JEBOH yKKe OYKOB M MPABOH Iy ’KKE OYKOB.

Ecnm y 4yenoBeka ¢ 4aCTHYHOW MOTepel CIyXa UMEITCs, KpOMe TOTO, MPOOIeMbI CO
3pEHHEM, OIPaBa OYKOB COTIACHO HACTOSIIEMY H300PETEHUIO MOXKET COIEPIKATh BCTPOSHHY O
BUJIEOKaMepy, KOTOpast MOXeT ObIThb CKOH(UIYpHUPOBaHAa MaJisl YCHUJIEHHS BH3YaJbHOTO
BOCIIPHMATHS TOJIB30BATENs ONMpPaBbl OUKOB. BeTpoeHHast BuaeocucreMa U MUKPO(OHBI MOTYT
ObITb CKOH(UIypPUPOBaHBI JUIsI OOHAPYIKEHHsI KOHTYPOB OOBIMHBIX OOBEKTOB, TAKHX Kak
MyCOpHBIN 0ak Ha yyuie, NpUOIMKAIOIMICS aBTOMOOUIIb, MOKOIIAst ITHLA U T.J., U CUCTEMA
SOC moxeT ObITh CKOH(QUIypHpPOBaHA ISl MEpeaavu 3BYKOBBIX T'OJOCOBBIX COOOIIEHHI,
YKa3bIBAIOIUX COOTBETCTBYIOIIHME OOBEKTHI MOJB30BATEIIO OIMPABbl OYKOB MOCPEICTBOM
HAyLIHUKOB, BCTAaBJSIEMBbIX B CIYXOBble KaHaJlbl I[IOJIb30BATEs] OMNPaBbl OYKOB. JTa
BO3MOKHOCTh PACMO3HABAHUS PA3JIMYHBIX OOBEKTOB MOXKET TaKKe OBITh HCIOJBb30BAHA B
HEKOTOPBIX ~ CLEHapusix (OPMHUPOBAHMUS  AMATPAMMBI  HANPABJICHHOCTH, HANpUMep,
UIEeHTU(QUKAIMK TTULBI MO €€ TEeCHE M ONPENCNICHHs HAMpPAaBICHUS K MECTOIMOJIOKEHHUIO
NTULIBL, HAIPUMEP, IO OPUEHTALIUH NTepeIHeN YacTH ONpaBbl OUKOB. B 3TOM ciyyae auarpamma
HAINpPaBJIEHHOCTH MOXeT ObITh C(HOPMHUpPOBAHA B STOM HAINPABIEHHH, HAMPUMEDP, C
UCIOJIb30BAHUEM JIAHHBIX THPOCKOIIUYECKOr0 JaTYHKa.

B eme omHOM mpuMmepe BapuaHTa BBINOJHEHHS HACTOSIIETO HM300PETEHHs! OIpaBa
OYKOB CKOH(UIYypHpPOBaHA TaK, 4YTOOBI 0O0ECHednuTh CBSI3b CO CMApPTPOHOM, HATpUMEP,
nocpeactsoM  WI-FI cBsasu. HMeroTcss npumepel NPWIOKEHUH, KOTOPBIE IMO3BOJISIOT
o0ecreynTh pacIIUpeHHY (YHKIIMOHAJIBHOCTD ONPaBbl OYKOB COTJIACHO HACTOALIEMY

usoOperennto. Hanpumep, nmeercs npunoxkenue nox Hazanuem "WHATBIRD", koropoe
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NO3BOJIAET OMNO3HAThb HA3BaHME MNTHUIBI HAa OCHOBE 3AMMCAHHON TMECHU MTHLBL
JlomonHUTETBHY IO HHPOPMALIUIO CM. 10 aapecy www.whatbird.no. 9to — npumep curyauumu,
KOT/1a pelLIeHre MpoOIeMBbl CO 3peHHEM 00eCIIeUnBAeT TaKKe PELIeHNe BO3MOKHON MPOOIeMBbI
CO CIIyXOM, ¥ HA00OpOT.

MoGOunbHblii  TenepoH 56 Takke MOXKET OBbITb YacTbIO CIYXOBOTO Aammapara,
paccmotpennoro Bbime. Ha ¢ur.1 u ¢ur.6 nokasaHo npuiokeHne B MOOWJIBHOM Tene(oHe,
KOTOpOE IeHCTBYET KaK SKBaJlaii3ep u nepenaeT creunpuaeckue 1Jis MoJIb30BaTelsl y CTAHOBKH
B onpaBy 10 oukoB, mpu 3TOM, Hanpumep, tenb SOC UHCTPYKTUPYET WK NePEeNporpaMMHUPyeT
tenb DSP, yToOb! HCTIONB30BaTh TPEOY eMbIe YaCTOTHBIE H3MEHEHUS ay AHOCUTHAJIOB, UAY IIHX
B HayIIIHUKH 55.

Ha ¢ur.2 mokazana nepennsis cropoHa 12 ompaser 10 oukoB. B BepxHell nmepenHei
yacTu 12 04KOB CKOH(UTYPUPOBAHBI YeThIpe HU(PPOBBIX BCEHANPABICHHBIX MUKpodoHa 13a,
13b, 13c u 13d, HampaBieHHBIX BIEpeN OTHOCHUTENILHO MEPEeAHEeH YacTH OMNpPaBbl OYKOB.
Muxkpo¢oHbI MOTYT OBITh BBIITOJHEHB! KAK MUKPO(OHHAS PelIeTKa IMOIEPEUHOTO M3y UYeHHSL.
Kpome Toro, umeercs sBuaeokamepa 15, BCTpOCHHAs B ONPaBy OYKOB U PACIOJIOKEHHAs! 4y Th
BBILLIE NEepeHOCUlpl. B kKaxkaoM yriy mepenHell 4acTU OIpaBbl OYKOB PSIIOM C KpEINJeHHEM
IyKKA HUMEETCs] MHUKPOBOJIHOBBIN mpeoOpas3oBaTenb 11 B OJHOM yIly U MHUKPOBOJIHOBBIN
MUKpogoH 14 B mpoTuBONEXKAIEM YIJTy. MUKPOBOJHBI, HCITyCKaeMble MHUKPOBOJHOBBIM
npeoOpaszoBaTtenemM 11, MOTYT OTpaskaTbCsl, HANpUMep, JHUIOM YeNOBeKa, U NPUHUMATHCS
MHKPOBOJIHOBBIM MHUKpPo(oHOM 14. M3Mepsss mpOMEXKyTOK BPEMEHH MEKAY HCIyCKaHHEM U
o0Hapy>keHHeM MHUKPOBOJIH, MOXKHO BBIUHCIIHTH PACCTOSIHUE, HANIPUMEp, 1O JIMIA YeJOBeKa,
HaXOZSLIErocs TaM, Ky1a oOpaleHa onpasa OuKOB.

udpoBble BCEHaNpaBIeHHbIE MUKPO(OHBI, HCIONb3YEMblE B HJUTIOCTPUPYEMOM
npumepe Ha (ur.2, MOXHO 3aMEHHTb APYTUMH TUIIAMH MHKPO(OHOB B 3aBHCHMOCTH,
HarpuMep, OT KOHCTPYKIHMH BXOAHbIX Leneil DSP s mMukpodoHOB, mudpoBble OHH HIIH
aHayoroBble, W T.a. Kpome TOro, BCceHampaBlieHHblE MHKPOPOHBI MOXKHO 3aMEHUTH
HaINpaBJIEHHbIMH MHUKPO(GOHAMH, WM 3TO MOXKET ObITh KOMOMHALMS BCEHAPABJICHHBIX U
y3KOHAIpPaBJIeHHBIX MUKPO(QOHOB. BriO0Op MUKPO(POHOB BIUSET HA aNTrOpUTM (HOPMHUPOBAHUS
AuarpamMMbl HAIPaBJIEHHOCTH, KOTOPbIH MOXKET HCIIONb30BaTh CUCTEMa JUJIsl BBIYHUCIEHUS
COOTBETCTBYIOLIUX MapaMeTpOB, KOTOpble OyayT 3arpyskeHsl B cxembl DSP, u mosBosser
npoueccopy DSP MaHumynmpoBaTh COOTBETCTBYIOIIMMH BBIXOJAMH MHUKPO(GOHOB IS
¢dopmupoBaHus >kenaTenbHOH (POpMbI JerecTka. B mpumMepax, MOKa3aHHBIX B HACTOSIIEM

OnucCaHu¥, UCIMOJIb3YIOTCA BCCHAIIPABJICHHBIC MI/IKpO(l)OHbI.
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Ha ¢ur.3 nokasan npumep xoHpurypauuu ayxku 19 ouxos. B mpumepe na ¢ur.3
YCTAaHOBIIEHO IIECTh BCeHarpaBieHHbIX Mukpodonos 13e, 13f, 13g, 13h, 131 u 13}, xoTtopseie
MOTYyT OBITb BBINOJHEHbBI B BUAE MHUKPO(POHHONW pEIIEeTKH C HANpaBJIEHHOCTHIO,
HepIeHANKY JIIPHOH r1ockocT. Kpome Toro, nMeercss MUKpOBOJIHOBBIH npeoOpasoBatesns 11a
U MHUKPOBOJHOBBII MHUKPOQOH 14a, KOTOpble MOTIYT HCIOJb30BATbCA ISl HU3MEpPEHHs
paccTosiHusl 10 OOBEKTOB WM JIIOJEH, KOTOpbIe MPHONMKAIOTCS WIM HAXOASTCS BONU3M
MOJIb30BATEJISI ONPaBbl OYKOB CO CTOPOHBI 3TOH Ay KKHU 04KOB. [loMuMO TOTO, 4TO U3MEpEeHUE
PACCTOSIHUSL MOXKET OBITh YacTbiO (POPMUPOBAHMSI JUATPAMMBI HAMIPABICHHOCTU 3THX LIECTH
mukpodonos 13e, 13f, 13g, 13h, 13i, 13j, oHO Tak:ke MOKET OBITH YACTHIO MPUIOKECHUS,
KOHTPOJIUPYIOLIETO COLMAJIbHOE PACCTOSIHHE, BCTPOEHHOTO B OINpPaBy OYKOB COIJIACHO
HACTOSIIEMY H300PETEHHIO.

CootBercTByromue MUKpO(OHBI Ha TEpenHel 4acTH OnpaBbl OYKOB M HA JyKKaxX
OTpaBbl OUKOB MOTYT OBITh BBIMOJIHEHBI KaK Pa3IMYHble MUKPO(OHHBIE PELIETKH, UMEIOIIUE
pa3MUYHbIE XaPAKTEPUCTUKH MPU MX HCIIOJNB30BAHUM B airoputMme Gopmuposanus jyda. [lo
MEHbIIEH Mepe HEKOTOpbIE U3 MUKPO(OHOB Ha OIMpaBe OYKOB MOTYT OBITh CTPYTITUPOBAHEI B
pa3nuuHble MHUKPO(QOHHBIE PEHIETKH, KOTOpPbIe MOTYT MCIIOIb30BATHCS UIsI CO3MAaHUS
pasNIUYHBIX JIENECTKOB AMAarpaMM HaNpaBJIE€HHOCTU HE3aBUCUMO Jpyr OT Apyra, WU
HEKOTOpBIE TPy bl MUKPO(POHOB B COOTBETCTBYIOLINX MUKPO(OHHBIX peIIeTKaX MOTYT ObITh
CKOH(HTY pHPOBaHBI [l COBMECTHOH padoThL.

Ha xoHue nysxku 19 o4koB nMeeTcsi CheMHast 4acTh 16, KOTopast CKOH(pUTypHpOBaHa
IJI XpPaHEHWUs] aKKyMyJATOpa [UIsl NMUTaHUS BJIEKTPOHUKH, BCTPOEHHOW B ONpPAaBy OYKOB
COIJIACHO HacroslmeMy uzoOpereHuo. Kpome Toro, B pamMkax HACTOSINEro H300peTeHHs
BO3MOJKHO HCITOJIb30BaHUE IPYTUX TUIIOB AaTYMKOB B BUJI€ MUHUATIOPHON pafapHON CUCTEMBI
(MM IeTeKTOpa NOMIUIEPOBCKOTO CMEINEHHSs ), KOTOPBIH MOKET OBITh MIOMEIIEH, HAIpHMeED, B
CBEMHYIO 4acTh 16, Ipu 3TOM pagap MOKeT ObITb CKOH(PUTYPUPOBAH IS TIPENYPEKICHHS O
NpUOIKEHUH K TAKUM OOBbEKTaM KaK aBTOMOOWIIH, €yLIHe MO33aJU IMOJb30BATENs OMpPaBbI
OYKOB COTJIACHO HACTOALIEMY H300PETEHHIO.

Ha ¢wur.3 nokasana takke o0nacte 18 MOBEPXHOCTH IyKKU OKYJISIpA, KOTOPAst MOXKET
colepykaTh NaTYUK OOHApy)KEHHS KECTa, MO3BOJSIIOIUI TOJb30BATEIIO OINpPaBbl OYKOB
COTJIACHO HACTOSIIIEMY H300PETEHHI0 B3aUMOJIEHCTBOBATH C KOH(HUIYypHPYEeMOH OIpaBoii
OUYKOB, HalpuUMep, C UCIOJNb30BAHUEM Majblia, ABUTAKOLIErOCs MO MOBEPXHOCTH JaT4HKa C

Ppa3IN4YHbIMHA O6H8py>KI/IMbIMI/I MOACIIAMU NEPEMCIICHUS.
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Kpome Toro, mmeercsi Takke MONOJHUTENbHAs 00JacTb 17, KOTOPYK MOXKHO
UCIIOJIb30BATh AJI Y CTAHOBKU APYTUX TUIIOB JaTYUKOB.

B pamkax Hactosmero mszoOpereHust Aay>kku 19 ompaebl 10 O4YKOB, BBIMOJIHEHHOMN
COIJIACHO HACTOALIEMY H300PETeHHIO, MOTYT OBITh 3aMEHEHBL. DTO MOXKET OBITh CIENaHo,
HampuMep, €CJIM OmIpaBa OYKOB HYXXIAETCS B MOJEPHHU3ALUM, HalpuUMep, KOraa ecThb
NOTPeOHOCTh B APYTUX TUMAX JATYUKOB MU JOCTYITHA HOBAsl BEPCHUSI CHCTEMBI.

BcTpoeHHast B epeIHIO YacTh ONPaBbl OYKOB HJIEKTPOHHKA MOXKET OBITh CBsI3aHA C
3JIEKTPOHUKOM, BCTPOESHHOM B IYKKY OYKOB, MOCPEACTBOM 3JIACTUYHOHN MJTH TMOKOU MeYaTHON
TUTAThI, KAK XOPOILIO U3BECTHO B TAHHOH 00JIACTH TEXHUKH.

Ha ¢ur4 mnoxazano ¢opmupoBaHue nuarpaMmbl HAIpPABICHHOCTH MHUKPO(dOHA.
IlokasaHa pauarpaMMa HaIpaBIEHHOCTH B MOJSIPHBIX KoopauHaTtax. LleHTp kpyra Ha
auarpamMme A — MHUKpPO(OHHAsI pelIeTka, KaK Ta, YTO MOKa3aHa Ha MepeqHel YacTH ONpaBbl
oukoB Ha ¢ur.2. /luarpamma HanpaBJICeHHOCTH HANpaBjeHa HA KOHKPETHOro deyioBeka 20, u
TJIaBHBIHN JienecToK 21 auarpaMMbl HAPABIEHHOCTH MUKPO(OHA HAIIPaBIIEH HA KOHKPETHOTO
yenoseka 20. [Tonp3oBaTens onpasel 10 0OYKOB COrNIACHO HACTOALIEMY H300PETEHHIO MOXKET B
moOoe BpeMsl nmepemMernarbes, GOKyCHpysl BHUMAaHHE Ha APYTOM YejioBeke 23, Kak MOKa3aHO
Ha nquarpamme B. /luarpamma 22 HanpaBiI€HHOCTH aHAJIOTMYHA AUMArpaMMe HAlpaBJICHHOCTU
Ha nuarpamme A. Ilepemernast pokyc OT cUTyalnu Ha AMarpamMme A K CUTYaluy Ha AarpaMme
B, nonb3oBarenp, HOCAIMI ONpPaBy OYKOB, MOBOPAYMBaeT TOJOBY OT 4enoBeka 20 Ha
auarpaMMe A K 4enoBeKy 23 Ha auarpamMe B. OgHako HeT HMKakod HEOOXOOMMOCTH
WU3MEHSATD JUarpaMMy HalpaBI€HHOCTU MEKAY STUMU ABYMsl CUTY aLIUsIMHU, TaK KaK AMarpaMmma
HAINpPaBJIEHHOCTH (OPMHPYETCS] OTHOCUTENIbHO MHKPO(OHHON pelIeTKH Ha TMepenHeil 4acTH
ONpaBbl OUKOB.

OnHaxo NoJIp30BaTENb ONPaBbl OUKOB MOXKET B KaU€CTBE OILUHU 3aX0TETh TAK)KE JIyUllle
CNBIIATh KOTrO-TO COOKy OT ero ronoBbl. Mukpodonwr 13e, 13f, 13g, 13h, 13i u 13j,
MOKA3aHHbIE B INPUMEPE BapHaHTa BBINOJHEHUs AyKku 19 ompasel 10 04kOB cornacHo
HACTOSIIEMY HM300PETEeHHIO, MOTYT OBbITh YaCThIO CPEACTB (OPMHPOBAHUS JHUATPAMMBI
HaIpaBJIEHHOCTH JIeTIeCTKOB 21, 22 MUKPO(OHHOM peleTKH, KaKk B MEepPeIHel YaCTH OIpaBbl
OYKOB, TaK U Ha y>KKE ONpaBbl OYKOB. B 5TOM ciiyuae auarpaMMa HanpaBJI€HHOCTH MO3BOJIUT
3aXBaTHTb IOJIOC KAK CIIEPEH, TaK U COOKY OIpaBbl OUKOB. TaKyro HACTPONKY MOYKHO NEpeaaTh
B OYKH ITyTeM OOHAPY KEHHsI JKECTOB.

Taxxxke B o0OBeMe HACTOALIET0 U300peTeHusT Haxomutcs  (popmupoBaHUE

CEerMEHTUPOBAHHOW MPOCTPAHCTBEHHOM JuarpamMMmbl HampaBl€HHOCTH. B mpumepe,
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paccMoTpeHHOM BbIle, Mukpodons! 13a, 13b, 13¢, 13d Ha nepenneit cropone 12 onpassr 10
OYKOB MOTYT HCIOJb30BAaTbCS JUI  ONPEAENieHHs IepBOro JIETIeCTKa JHarpamMmbl
HAaIpaBJIEHHOCTH, HANIPABJIEHHOTO BIIEPE B HAINIPABIEHUH, Ky1a CMOTPUT MOJIb30BATENb, B TO
Bpemsi kak mukpodonbl 13e, 13f, 13g, 13h, 13i u 13j Ha nyxke 19 ompaser 10 oukoB
UCIIONB3YIOTCSL ST  (OPMHUPOBAHUST BTOPOrO JIEMECTKA AHArpaMMbl HATPAaBIEHHOCTH,
HaNpUMep, B HANPABJICHUH, MEPIICHANKYJSIPHOM K BCEHATIPABJICHHOW MUKPO(POHHOM peleTKe
Ha JIy’KKe OmpaBbl O4KOB. KpoMme Toro, B paMkax HACTOSIIErO H300pETeHHsT BTOPO JIEMECTOK
JMarpaMMbl HATIPABJICHHOCTH MOJKET OBbITh HANIPABJICH B IPYTHX HANPABJICHUSX, HATIPUMED, B
HAINpPAaBJIEHUH, KyJa CMOTPUT MOJIb30BATENb WM B MPOTHBOIOJIOXKHOM HAIPABICHUH, YTO
MO3BOJISIET JIyYINE CIBIIIATh 3BYKH, HAyIIHe COOKY OT ONpaBbl OYKOB, CIIEPEOU OT OIpPaBbI
OYKOB MJIM C3311 OTHOCHUTEJILHO ONPABbI OUYKOB.

Kpome TOro, B paMkax HaCTOSIIEro H300PETEHHs] TPETHH JIETeCTOK IHarpaMMbI
HAIPaBJIEHHOCTH MOXKET ONPENeISIThCI MUKPO(QOHHOH PELIeTKOH, pacTONOKEHHONW Ha Ay KKe
C MPOTHBOIOJIOKHON CTOPOHBI ONPABBI, MOAIEPKUBAIOIIEH (POPMHUPOBAHNE BTOPOTO JIETIECTKA
IMarpaMMbl HaIPaBJIEHHOCTH.

Ha ¢ur.7 nokaszan npumep rpaduueckoro narepderica st GOpMHUPOBAHUS HATPAMMBI
HAINpaBJIEHHOCTH MUKPO(OHOB, KOTOPBIM IO3BOJIIET IIOJIb30BATENII0  ONpPaBbl OYKOB
rpadudeckl  U3MEHATh (POPMHUpPOBAHME JAMArpaMMbl HAIMPABJIEHHOCTH MHKPO(GOHOB.
Hampumep, xommanusi Analog Devices sBnsiercss mocraBuiukom cxem DSP u Takske
NPENOCTaBIIET MPUIIOKEHUST TAKOTO BUAA ¢ rpaduyeckumu uHTepdeiicaMu K HEKOTOPhIM U3
cxem DSP. B mobom crnyuae GopMHpOBaHHEM AUArpaMMbl HAIIPABIEHHOCTH, KaK TAKOBBIM,
ynpasisieT npuioxkenue, pabotaromee B cucreme SOC, BcTpoeHHO# B onpaBy 10 oukoB. Y
moboit cxembl DSP, Brimouass DSP or Analog Devices, umeroTcst oOmme mporpaMMHbIE
YTHJINTBI, TIO3BOJISIIOIINE pa3padaThiBaTh CIELUATU3UPOBAHHBIE AJTOPUTMBI, OOECTIeYHBasi,
Harpumep, GOpMUpPOBAHKE AHATPAMMBI HAIPaBIEHHOCTH MUKPO(OHOB.

dopMHpOBaHUE TUATPAMMBI HAITPABJIEHHOCTH KaK TAKOBOE XOPOLIO U3BeCTHO. OnHUM
U3 MPUMEPOB M3BECTHBIX 3aTPyAHEHHUH, KOTOPbIE MOTYT MPUCYTCTBOBATh NPU (POPMHUPOBAHUHN
AMarpaMMbl HAITPAaBJIEHHOCTH MUKPO(OHOB, BEICTYTAIOT SIBJICHUSI, HA3BIBAEMbIE NTAPA3HTHBIMU
gactoramu. Ha ¢ur.6 nmokaszan npumep NMPUIOKEHUS COTIACHO HACTOSIIEMY H300pPETEHHIO.
Wntepdeiic skBanaiizepa B MoOuimpHOM TenedoHe, CBs3aHHBIA ¢ mporeccopom DSP,
BCTPOCHHBIM B JIy’KKy OIpPaBbl OYKOB, MOXET IOMOYb IIOJIb30BATENI0 CKOMIIEHCHPOBAThH

YaCTUYHYIO MOTEPIO CIIyXa, CBSI3aHHYIO C ONpPEAEICHHbIMUA YaCTOTHBIMU Auana3zonamu. Korna
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TaKH€ YaCTOThl U3MEHSIOTCS, BOZHUKAET BO3MOKHOCTb, YTO MOXET YCyTyOuThCs mpoliema
Napa3UTHBIX YaCTOT, CBsI3aHHAsA ¢ POPMUPOBAHUEM AUArpPaMMBbl HATIPABIEHHOCTH.

Ha ¢ur.5 nokazan rpagudeckuil mpumep anroputma (GpOpPMHPOBAHUS IHArPAMMBI
HAaIPaBJIEHHOCTH MHUKPO(OHOB, packpsiToro A. MakkoyonoM B nucceprauuu A. McCowan,
"Robust Speech Recognition using Microphone Arrays," PhD Thesis, Queensland University
of Technology, Australia, 2001. B Takoili apxutektype MUKPO(GOHOB BBIXOJbI MHKPO(OHOB
13a, 13b, 13c, 13d, 3e, 13f, 13g, 13h, 13i u T.1. CYMMHPYIOTCSI B PA3JTUYHBIX KOMOUHAIIHSIX.

[Tpu wWUpOKO¥ MOJIOCE CUTHAJIIOB MOXKHO BBIMOJHUTh MUKPO(GOHHYIO PELIETKY KaK Psif
MIOAPEIIETOK, KOTOpbIe CaMHu MO cede SBISIOTCS JTMHEHHBIMA MUKPO(QOHHBIMU PELIETKAMU C
ONHOPOAHBIM HMHTEPBAJIOM. IJTH MHUKPO(GOHHBIC TOAPEINETKH BBIMOJIHEHBl TaK, YTOOBI
00eCTIeYHTD JKeNaTENbHBIE AMIUIUTY JHO-9ACTOTHBIE XaPaKTEPUCTHKH JIJIsI JAHHOTO YaCTOTHOTO
Jrarnas3oHa.

OnuH U3 acrekToB TaKOH apXUTEKTYPbI 3aKJII0UAETCS B TOM, UTO, KOT]a YacTOTa PacTeT,
IUI COXPAHEHMsI TOCTOSHHON INHUPHHBI Jlyda HEOOXOOMMa MEHbINasl JUIMHA MHUKPO(QOHHOH
pemerkn. Kpome Toro, 4To0b1 00€CeUnTh TOT K€ Y POBEHb OOKOBBIX JICTIECTKOB B PA3JINYHBIX
MOJIOCaX YaCTOT, KOJHYECTBO 3JIEMEHTOB B KaKIOW MHUKPO(OHHOH MOApEINEeTKE IOJIKHO
OCTaBaTbCs HEU3MEHHBIM. MUKpO(GOHHbIE MOAPEIIETKU OOBIYHO PEaM30BaHbI T'HE3JOBBIM
Croco0OM, Tak 4TO JIIOOOW 3aJaHHBIM JAaTYMK MOKHO HCIIONIb30BaTh OOJbIIE YEM B OAHOM
MukpooHHON mnoxpemerke. Kaxnas MHKpopOHHAas moOApelIeTka OrpaHHyYeHa CBOUM
YACTOTHBIM JHMANa30HOM C TIOMOINBI TNPHMEHEHUS IOJIOCOBbIX (DUIBTPOB, U IIOJIHBIM
IIMPOKOTIOJIOCHBIN BBIXOJ MUKPO(GOHHOH perieTku (GOpMHUPYIOT MyTeM HOBOW KOMOMHALIUH
BBIXOJIOB MHUKPO(OHHBIX MOJPELIETOK ¢ OrPAaHMYEHHOH MOJOCON 4acToT. biaromapsi sTtomy
MOKHO KOMIIOHOBaTh SKBaJlaii3ep, Kak paccMOTpeHO mpu obcyxneHmu ¢ur.6. Yactora
COOTBETCTBYIOLIUX TMPOXOJHBIX IOJIOCOBBIX (PUIBTPOB MOXKET OBbITh NPHUCIIOCOONEHA K
yCTaHOBKaM 3KBajaisepa.

Kak ynomsiHyTO BbIIIIE, BUeOoKkamepa 15 MoxkeT ObITh BCTPOSHA B TIEPEIHIOI0 CTOPOHY
12 ompaBbl OYKOB COMIACHO HacTosiemy wu3oOperenmo. Ha ¢ur.8 mokaszan Bum cOOKy
MUKpO(OHHOU pemeTku 37, comepskamell BUIEOKaMEpPy B CPEAHEW CeKuuu (He TMOKa3aHa).
Kamepa Bumut snmno 28 Ha paccTosHud 39 or MUKpohOHHOH pemmerku 37 ITO paccTOsHHE
MOKA3aHO B IUIOCKOCTH, MPOXOIAINEH depe3 mepeAaHtor udacTth juua 28. Beicota 41 nuna
ompenensieT HAKJIOH OOkOBbIX JmHMHA 38 u 40, KOTOpbie BMeCT€ C IUIOCKOCTBIO,

MPEICTABJISIONIEN BBICOTY JIMLA, COCTABJSIOT TPEYTOJbHUK B 3TOH IMJIOCKOCTH, HO SIBJISIETCS
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KOHYCOM B TPEX U3MEPEHUSIX, TO €CTh, TAKMM KOHYCOM, KOTOPBII NIPEACTABIISAET JKENATEIbHY O
AuarpaMMy HaIlpaBJIE€HHOCTH IPU CIIyLIAHUU YesioBeka 28.

Jro wumoctpupyercss Ha (ur.9, rae rnaBHbI JenecTok 43  AMarpamMbl
HAIPABJICHHOCTH HAXOAWTCS B TPEYrojbHUKE, MOKasaHHOM Ha ¢ur.8. ITokasaHel Takxke
HEKOTOpble OOKOBBIE JIETIECTKH, KOTOPbleé MOKHO YCTPAaHHTh WJIM YMEHBLINTH JOJIKHBIM
BBIOOPOM TapamMeTpoB AJIS AITOPUTMA, KaK MOKa3aHo Ha (ur.6.

VY nenectka 43 nquarpaMmbl HaIIPaBJIEHHOCTH UMEETCs EPUMETP 42, KOTOPBIN BIUCAH
B TPEyTOJIbHUK, ompenensieMblii quHusimu 38, 40 u 41. Ha ¢wur.8, xorma paccrosiue 39
YMEHBLIAETCSs, Ha N300paKeHUH, BUANMOM BUI€OKaMepoi 15 B MukpodoHHoi pemerke 37 B
nepcnekTuBe, yBenuuutcsi Bbicota 41. Korma paccrossaue 39 pacrer, Ha H300paXeHUH,
BUJMMOM BHIE€OKaMepol 15 B nmepcnekTuse, NPONOPLUOHAIBHO YMEHBIINUTCS BbIcOTA 4 1.

ITosToMy M3MepeHne pacCTOSHUS OT MUKPO(OHHOH PELIeTKH 10 HICTOUHHUKA 3By Ka (TN
00BEKTa) U BBICOTHI (WIJIM IIUPUHBI) UCTOYHHKA 3BYKa (MM 0OBEKTa) MOXKET ObITh 0a3UCOM ISt
onpeneyieHus jienectka 43 nuarpaMMbl HaNPaBJIEHHOCTH, KaK MOKa3aHO Ha Gur.9, To ecrs,
LIMPUHBI JIETIECTKA JUarpaMMbl HAIIPaBJIE€HHOCTH.

Ha ¢ur. 10 mokasan cueHapuii, THTUYHBINA A1 KOH(QEPEeHLNH, i€ YYaCTHUKU CHIAT 32
cronom. Yenosek B Hocur ompaBy oukoB 10 corjmacHoO HacTosleMy H300pPETEHUIO.
Buneokamepa 15 u cpeactso oOpaboTku BUAEOU300pAKEHHUS] MOKET OOHAPY KUTb, YTO JIFOIU
C, D, E u F naxonsarcsa B npenenax moJis 3peHusi kamepsl. UenoBek A Take ydacTBYyeT BO
BCTpEY€e, HO HAXOJIUTCSl BHE MOJIs 3peHus Bugeokameps! 15. Ha npasoii nyxxke 19 ompaser 10
OYKOB, HOCHMBbIX YeJOBEKOM B, mmeercst MUKpO(hOHHAs peleTka, Kak pacCMOTPEHO BBILIE.
Kpome TOro, mmeercsi BO3MOXXHOCTb BBINOJHUTb H3MEPEHHUE PACCTOSHHUS MOCPEACTBOM
COOTBETCTBYIOIUX MUKPOBOJHOBBIX ycTpoiicTB 1la u 14a. Takum o0pazom, BO3MOKHO
¢opMHupoBaHHME OUArpaMMbl HANPABJIEHHOCTH HAa OCHOBE MHKPO(POHHOW pEIeTKH,
pacrojIoKeHHO! Ha Ayskke 19 oukoB, 0OpalieHHOH K 4eioBeKky A. DTO MOXKeT OBITh CIEIaHO C
o0enx CTOpPOH OmpaBbl OYKOB. TakuM 00pa3oM, ompaBa OYKOB OyAeT CKOH(pUTYpHUPOBaHA C
TpeMsl JieNeCTKaMu 1MarpaMMbl HalpaBiIeHHOCTH, UAYLUMHU B Pa3JINYHBIX HAIIPABJICHUSX.

B eme omHOM mpuMepe BBITIOJHEHHUS] HACTOSIIErO M300pPETEHHs TUPOCKOMUYECKHUN
JIAaTYNK MOXET OBITh YaCTBIO CHUCTEMbI OMNpaBbl OUKOB. Korma rmpOCKOMHMYECKHH DaT4uK
OOHapy>KMBaeT M3MEHEHUE HANPABJIEHHUS TOJIOBBI, KAK PACCMOTPEHO BBIIIE, MOKHO U3MEHUTH
NIMPUHY JIEMIeCTKa, OXBaThiBas, TakuM odOpa3om, Bcex moner B, C, D, E, F u G. [pyras
BO3MOXKHOCTh COCTOMUT B TOM, YTO CIYXOBOH ammapar CKOH(QUIYPHUPOBaH TOJBKO C OIHUM

OCTPOHAIIPAaBJICHHBIM JICTICCTKOM AUAarpaMMbl HAllPpABJICHHOCTH. Taxkas reoMeETpus JICTIECTKA
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MOKET MO3BOJIUTH IMOJIb30BATEIO ONpPaBbl OYKOB COXPAHATh TOT K€ CaMblil JIETIECTOK, B TO
BpeMs1 KaK MOJIb30BaTelb IOBOPAYMBAET roJIoBY kK cooTBercTByomUM moasMm B, C, D, E, F u
G mo oxHOMy, TakuM 00pa3oM, MOANEPKHMBAS XOpPOLIEe KayeCTBO MPOCIYLIUBAHUS IS
KaXA0T0 YeJIOBEKa.

OnHaxo npu OGecesie ¢ HECKOJIIBKUMH JIFOBMU MOXKET OBITh HEOOXOANMO CIIBIIIATH BCEX
Ooee MM MEeHee OTHOBPEMEHHO.

VYBenuueHue MUPUHBI JierecTKa AUarpaMMbl HAPaBJIEHHOCTH, PACCMOTPEHHOE BBIIIIE,
MOKET He OBbITb CHMMETPHUYHBIM OTHOCHTEJIBHO LEHTPAJbHOW JIMHUHM JienecTka. Hanpuwmep,
€CJIH THUPOCKOI OOHAPYIKMBAET MEepEMEIEeHHe OINpaBbl OYKOB HANPABO, JIEBYKD CTOPOHY
JIeTIeCTKa MOKHO OCTaBUTh (PUKCUPOBAHHON OTHOCHTENIbHO TOJIOKEHUH JIIONIEH, B TO BpeMsI
KaK MPaBYIO CTOPOHY JIEMIECTKA MOXKHO PaCIIUPUTh, Kak Oy ATO OHA CJIEAYET 32 MePEMELICHUEM
MOBOpaUMBarOLIEelcs ONpaBbl OUKOB. Eciiy onpaBa 0YKOB BO3BpALIaeTCsl Ha3al K UCXOJAHOMY
TMIOJIO’KEHUIO, NPaBasi CTOPOHA JIeTIeCTKa MOXKET BHOBb CJIEIOBAaTh 32 INIABHBIM IepeMelleHHeM
Ha3aA. ITOr0 MOXHO AOCTUTHYTbH C HCIOJb30BAHUEM JIaHHBIX TMPOCKOMNA AJs YIIpaBJIeHUs
¢bopmoii 1 IIMPUHOH JIeNeCcTKa AMarpaMMbl HaIPaBIEHHOCTH.

Ha ¢ur.11 mokasan Bunmeokaap, COOEpKaILIWil royioBy 26, OOpalleHHYI MPsSMO K
BUieOKaMmepe 15, pacnonoxeHHo! Ha nepeaHeil yactu 12 onpasel 10 oukos. Onpasa 10 ouxkos
niepeiaeT BUACOCUTHAIIBI B BUIEOIPOLIECCOP HIIH B ITPOLIECC BUE000pabOTKH, peann3oBaHHbIH
B BUZE NMpOrpaMMel, paboTaroliel, HanpuMep, B BeraucaurenabHoit cucteme SOC. Ilpouece
BUIE000pabOTKH CKOH(UTYpPUPOBaH AJsl OOHAPYIKEHHS JIMLA. JTOT MPOLECC OTIMYAETCS OT
pacnozHaBanus jun. Llenb oOHapy:KeHUs JHLA COCTOUT B TOM, YTOOBI yOeIUTHCS, YTO HA
BUJICOKQ/IPE HMEETCs] 4YeJIOBEYEeCKOe JIMLO, Oe3 HeOOXOAMMOCTH HIASHTU(UKALUH 3TOTO
yenoBeka. B nuTepaType HMeeTcsi HECKOJIbKO IPOrpaMM, Peasu3yIOLUINX ajJrOpUTMbI
oOHapykeHuss Jsuna. OOHAKO OAMH M3 AaCMEeKTOB HACTOSINEro M300pETeHUs] CBs3aH CO
CHIDKEHHEM MOTPeOJIEHUs] SHEPrul B MAaKCUMAaJIbHO BO3MOXKHOHW CTENEHH, 4TO Tpedyer
UCTIOJIb30BaHMSI 0OJIee MPOCTHIX aJTOPUTMOB.

CornacHo eme oHOMY aCNeKTy HACTOSIIEro H300peTeH s, OOHAPY KEHUE JINIA MOXKHO
YIPOCTUTDH NPU UCHOJIB30BAHUU METO/OB, BbIBEJIEHHBIX, HAIIPUMEP, U3 ONTHYECKUX METO/I0B
pacrio3HaBaHusl cuMBOJIOB. Hanpumep, Ha ¢ur.12 nukcenbHast Bepcust H300paKeHHsT TOJIOBBI
26 Oynmer MMeThb 30HY BOKPYI KOHTypa JMLA 28, KOTOPYI0 MOXKHO OOHApPY>KUTh METOIOM,
W3BECTHBI B TEXHUKE ONTHYECKOro pacro3HaBaHusi cumBojioB (OCR) kak oOHapy:keHHe
rpaHul] KOHTypoB. KoHTyp 28 nuiia BBI30OBET IBHOE€ M3MEHEHHE B YPOBHSX LIKAJbl SIPKOCTU

MEXKIy COCEOHUMH IMUKCESIMU BOKPYT KOHTypa, €CJIH 3TO 4epHO-Oeioe M300pakeHue, Wiu
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WU3MEHEHUE B LIBETE€ MEXAY COCEAHMMHU IMUKCENSMU. JTO HW3MEHEHUE KOJOPHUMETPUYECKOH
IIKaJbl UM YPOBHEH SIPKOCTH YKa3blBaeT Ha Hajgndue KoHTypa 28. Her HeoOxomumocTu
O0OHapy>KuBaTh B TOYHOCTH BECh KOHTYP 28, a JOCTATOYHO YaCTH, TaK, YTOOBI HA U300pakeHUe
JIMLIa MOKHO OBLTO HAJIOXKKUTD KPYT 27. 31ech HeT HeOOXOAMMOCTH B BBICOKOU TouHOCTH. Korma
KPYT HAaXOJIUTCS HA CBOEM MeCTe, Ha M300paskeHIe MOKHO HAJIOKUTh CUCTEMY KOOPAMHAT, KaK
nokaszano Ha ¢ur.13. [lnomwany uim npsiMOyroJbHUKH, ¢HOPMUPOBAHHBIE TOPU3OHTATBHBIMH
JUHUSAMHA 29 U BepTUKAIbHbIMU JUHUAMH 30, 0Opa3yroT KBagpaThl HA M300PaKCHUHU JUIIA,
KOTOpbIE VIPOIIAIOT IOWCK OMOMETPUYeCKOW HMH(OPMALMK, TIO3BOJISII  OIO3HATH,
YeJOBEYeCKOe STO JIMLO WIM HeT. B cucremMax pacro3HaBaHUSI JIUI OHOMETpHUECKas
UH(pOPMALIUS OTHOCHUTENIPHO TMOJIOXKEHHUS TIJIa3 W COOTBETCTBYIOIIUX PACCTOSHUN MEXAy
rjla3aMi ¥ PTOM JIOJDKHA HAXOAWTBHCS B M3BECTHBIX Ipeaenax. Jpyrue ocOOEHHOCTH MOTYT
OTHOCHUTBCSI K MOJIOKEHHIO NTEPEHOCHLIBI, KOHTYpaM ry0, yiue, mogoopoaka u T. 1.

OnnHako 53TH (QYHKUOUHM HCIOJNB3YIOTCS, KOIZAAa LEJIbl0 OOHAPYKEHHs SIBISETCS
uneHTHUKanus 4enoBeka. B paMkax HacTosmero n300peTeHnst NACHTU(DUKALS TOJOKEHUSI
a3 SBJSIETCS KJIFOUOM JUUIsI OOHApY KEHHsI TOTO, UYTO M300pa)KEHHE OTHOCHTCS K YEJIOBEKY.
JIONIOJTHUTENBHOE TOATBEPXKAECHHE MOXKHO TOJNYYNTh, 100aBisAs OOHAapykeHHEe pTa W
NOJIOXKEHHUE pPTa OTHOCUTENbHO rna3. llens oOOHapyKeHHs JHLa COTJIACHO HACTOALIEMY
M300peTEeHNI0 HE PACHpPOCTPAHSAETCS Ha HIEHTH(PUKALMIO 4YeJIOBEKa, a OTHOCUTCS JIUIIb K
O0OHapy>KeHUIO MPOCTOro (PaKTa, YTO ITO — UEJIOBEUECKOE JIULIO.

Ha ¢wur.13 npsmoyronbHuk 36 pacrmonokeH Ha H300pa)KeHUHM JMIAa B MeCTe,
OTIpesessIeMOM IOJIOXKEHUEM KBAZpaToOB M OOLIMMHU 3HAHMAMHU O OMOMETPUYECKUX IaHHBIX,
KOTOPBIE YKA3bIBAOT, II€ C HAUOOJIbIIEH BEPOSITHOCTHIO PACIIONOKEHBI I71a3a YeJIOBEKA B KPyTe
27. TlpsmoyrompHUK 36 cpenman Oonbloe, 4YeM W3BECTHbIe pasMmepbl a3, Llems
NPSIMOYTOJIbHUKA 36 COCTOMT B TOM, YTOOBI 3a/aTh, /i€ CIIEAYET MPOU3BOIUTH IOHCK
NAaTTEPHOB WK IA0JIOHOB [Tt 3pavykoB 1J1a3. [11adaoH npeacrasisiet coboit mabioH rinasa, 94ro
NOAPA3yMEBAET OBAJIbHBIA OOBEKT, B KOTOPOM PACIIOJIONKEH KPYTJIbIA LIEHTP OPYTOi SPKOCTH
wiy neera. [lepemernasi Takoi madIoOH MO M300PAKEHUIO, PACTIONOKEHHOMY B JIEBOH YaCTH
NPSIMOYTOJIbHUKA 36, MOKHO MAEHTU(UIUPOBATh rn1a3. Ty jke mpouenypy MOKHO BBITIONHUTD
IJA T1a3a crhpaBa. B HEKOTOpBIX ciydasX 3TOTO MOMKET OKa3aTbCs JOCTATOYHBIM IS
oOHapy>keHHss KOHTypa 28 ronoBbl yenoBeka. OgHAKO B 00BEME HACTOSAILIETO HM300pETEeHUs
HAXOIUTCS U TOUCK PTa Ha n3o0paskeHUH Jmna venoseka. IIpsmoyronbHuk 33 mMoxeT ObITh
pacriono’keH  BbIlIe  OONAcTH, Ui KOTOpPOW  OMOMeTpUYecKHe JaHHble OOBIMHO

CBUACTCIILCTBYIOT O BEPOATHOM IOJIOKCHUU  pTa. 3atreMm B I_IeHTpaJ'IbH()ﬁ qacTHu
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NpSIMOYTOJIbHUKA 33 MOKHO TIPOM3BECTH TIOMCK C COOTBETCTBYIOLIUM  IIa0JIOHOM,
YKa3bIBAIOIUM Ha BEPXHIOI I'yOy u HIkHIOKW ry0Oy. CooTBeTCTBYIOLIME paccTosHuS 32 U 34
MOXKHO 3aT€M HCIIOJIb30BATh B KAUECTBE JONOJHUTEIbHOIO KPUTEPHUS IOATBEPKASHHS.

CooTBeTcTBHE MEXIy MUKCEJSIMH M300pasKeHNs] M TIUKCENSIMU aboHa MOXET OBbITh
IPOBEPEHO MPOCTHIM KOPPEIALMOHHBIM aHanu3oM. Huszkoe 3HaueHne KOppessiliug yKa3bIBaeT
Ha OTCYTCTBHE MOAOOMS, B TO BpeMsl KaK BBICOKOE 3HaU€HHE yKa3bIBaeT Ha 0oJiee BBICOKYIO
BEPOSITHOCTh TMOAOOHS. DTOT MPOLECC MOKET TakKe ObITh yCOBEPIIEHCTBOBAH OOYYarOIIMM
AJITOPUTMOM C HCIIOJIb30BAHHEM IPUMEPOB H300paKeHUH.

Ecnu pesynbrat anropurMa oOHapy KEHHs JIMLA HE SIBISIETCS yOSTUTEIbHBIM, TO €CTb,
nogoOne HaXOOUTCS MEXKAy BBICOKHM W HHU3KHM 3HAY€HHEM, CHUCTEMa MOXKET ObITh
CKOH(UTY pHPOBaHA JIJIsI 3aJaHHSI BOIPOCA TIOCPEACTBOM I'OJIOCOBOTO COOOIIEHHUS B HAY INHUKU
55, BCTaByIsIEMbIE B YIIH TOJIb30BATEJST OMPABbl OYKOB, YTOOBI MOJIB30BATENb ONPABbl OYKOB
MNOATBEPAMWI, YTO 3TO — YEJIOBEUECKOE JIUIO, HAMPUMED, BBITOJHUB OMNPENEICHHBIH KECT,
KOTOPBI MOXET ObITh HICHTH(PUIHUPOBAH, HAIPUMED, TATIUKOM 18 JKECTOB, PacroNOKEHHBIM
Ha ay>xke 19 oukoB.

XoTsl YeNnoBeK, HOCSIIUN OIpaBy OYKOB COIJIACHO HACTOSIIIEMY H300pETEHHIO,
CIOCOOEH BHETh YEJIOBEKA U MOXKET COOOIMTH 00 3TOM CHUCTEME C IOMOIIBIO JKECTa,
O0OHapy>KUBAaEMOro AaTYMKOM 18 KECTOB, aCHEKT HACTOALIEr0 M300PETEHHs 3aKII0YaeTCs B
TOM, YTO JIULIO, CMOTPSIIIEE Ha MOJIb30BATEJIS] OUKOB, IEMOHCTPUPYET 00a ri1asa.

Kpowme Toro, noaTsepskaeHne JaIbHOCTH, BHIITOJHEHHOE MUKPOBOJIHOBBIMH 1aTYMKAMHU
11 u 14 u 3akimoyaromieecs: B TOM, YTO PACCTOSHUE [0 JIUMLA MEHbIIE HEKOTOPOIro 3aJaHHOTIO
npenena, Harmpumep, 10 METpOB, aeT CTENeHb YBEPEHHOCTH B TOM, YTO OOHApYKEHHBIH
YesioBeK (paKTHYECKU CIOCOOEH pasroBapHBATh C IOJIb30BATENEM OIPaBbl OYKOB, a TAK Kak
oOHapy>keHbl 00a ryia3a, 4eJOBEK, BEPOSITHO, CMOTPHUT B HAIPABJICHUH IOJb30BATENS OMPABHI
OYKOB.

WHadue monp30BaTeNb OMNpPaBbl OYKOB MOTI OBl HCIOJB30BATH BO3MOXKHOCTH
¢dopMHUpOBaHUS HArpaMMbl HAMpPABICHHOCTH OIpPaBbl OYKOB JJIsI LINMHOHAXKA  HIIH
NOACIYLIMUBaHUS Oecenpl Apyrux Jonei 6e3 ux cormacus. [Tostomy B oObemMe HAaCTOSIIETO
n300peTeHnst HaxonuTcst (POPMHUPOBAHHME THUATPAMMBI HAIPABICHHOCTH TOJBKO B CTOPOHY
oI, KOTOPBIE BEPOSITHO y4aCTBYeT B Oecese, TO €CTb CMOTPAT HA IOJIb30BATENST ONPABbI
OYKOB B IpeJeNiaX OrPAHUIEHHOTO PACCTOSHUS.

OnHako B HEKOTOPBIX MPUMEPAX BBIMOIHEHUS] HACTOALIETO U300PETEeHNUs, B KOTOPBIX

YCIIOBCK, HOCSIIIUH OmpaBy OYKOB COIIaCHO HACTOALIEMY I/1306peTeHI/IIO, AOIIOJIHUTCJIBHO K
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npoOjeMaM €O CIYXOM HMEET OrpaHWYE€HHbIE BO3MOXKHOCTU IO 3PEHUIO, BCTPOEHHBIH
BU/IEOTPOLIECCOP MOXKET OBITh CKOH(UTY pUPOBAH TaK, YTOOB! 00ECIIEUUTD PACTIO3HABAHHE JIUL]
Pa3MUYHBIX JIOAEH HAa OCHOBE 3arpy’K€HHBIX M300pa)KE€HWH COOTBETCTBYIOIIMX JIIONEH, MpU
5TOM BCS CHCTEMa CKOH(HUIYypHpPOBaHa Tak, YTOObI MEpeAaTh TIOJOCOBOE COOOIIEHHE,
BKJIFOYAIOLIEe MMEHA COOTBETCTBYIOLIMX PACIO3HAHHBIX Jrofed. Takue mroam MOryT ObITh
OMM3KUMU POICTBEHHUKAMU H/MJTH APY3bSIMH, KOJJIETaMH U T.1I.

Ha ¢wur.14 nokasaH npumep pa3iUYHBIX TOJOXKEHHUH TOJIOBBI OTHOCHTENBHO IOJIS
3peHusi Buaeokamepbl. Tonbko wu3obpaxkenne E Ha ¢ur.14 ynosnersopsier HaboOpy
U3JIOKEHHBIX BBIIIE KPUTEPHEB C W300paK€HHEM ABYX IJ1a3, HANPaBJICHHBIX Ha KaMmepy.
Uzobpaxkenuss D u F wmoryT, BeposATHO, ObIThb HAEHTUPUIMPOBAHBI ¢ Ooyee HHU3KOH
BEPOSTHOCTBIO W MOIYT 3aCTaBUThb CHUCTEMYy MONPOCHTh MNOATBepxkAeHUs. Tak Kak
paccMaTpuBaeMBblil YENIOBEK (JIFOJIM) CMOTPSIT B CTOPOHY, PEAKIUS Ha MMONTBEPKACHUE OJDKHA
OBITh OTPULIATENPHON, WJIM K€ MOJb30BATENb OIPABBl OUYKOB MOATBEPXKAAET, YTO XOUET
pasroBapuBaTh C TEM YEJIOBEKOM.

Ha ¢ur.8 nmokazan mpumep TOro, Kak MOXeT HaudaTbCs (OPMUPOBAHHE AHATPAMMBI
HANpaBJICHHOCTH, HampuMep, ¢ OOHapy)keHus Juna 28 4YeloBeKa, HaXOISIIErocsi Ha
paccrosinun 39 ot mukpodonHoii pemerku 37 Ha onpase 10 oukos. Bricora 41 nuia oObMHO
Oosblile MIUPUHBI JHLIA U MO3TOMY MCIIONB3YETCs Ul ONpefeNieHus KOHyca C Ha4dajioM B
LIEHTpe MUKPO(OHHOH perneTku, a OokoBble JuHNN 38 1 40 KOHyca 0OpasyIOT TPEYyTOJNBHUK B
BEPTHKAJIBHOM IITOCKOCTH. Tak Kak paccTosiHue 39 MoxkeT ObITh IEPEMEHHBIM, TO €CTh YEJIOBEK
MOJKET CTOSITb B OJJHOM METPE OT ONpaBbl OYKOB WJIM HA PACCTOSIHUU B JECSITb METPOB OT
OMpaBbl OYKOB, BbICOTA Jinla 41 MeHseTcs Kak pyHKums paccrostaus 39 Beaencrue ¢ dexra
nepcrnekTuBbl. YeM najibilie pacrojio’KeHO JIHMLO, TeM MeHblie ero Bbicota 41. OpnHako
3aBUCUMOCTb MEXIY W3BECTHON CTaHAAPTHOW BBICOTOM WM CpeIHEW BBICOTOM JuLAa Ha
pPacCTOSIHUM B OAWH METP MOXET JIETKO MCHOJb30BAThCS AJIs1 BBIYMCIECHUS YMEHbBIIECHHUS
BBICOTHI JIML[A B NEPCIEKTUBE HA PACCTOSHUU, HAPUMeEp, AeCATb MeTpoB. [Io3TOMy MOXKHO
BBIYUCIIUTh pPa3Mepbl pPaBHOOEAPEHHOro TpeyronbHuka. Korma sTO cpenaHo, cienyer
BBINTOJHUTH (POPMHUPOBAHUE TUATPAMMBI HATPABJIEHHOCTH M BBIYUCIUTh U OTKOPPEKTHPOBATH
¢ momombo mporeccopa DSP ¢opmy nemectka 42 nuarpaMMbl HampaBJIEHHOCTH, Kak
nokazano Ha ¢ur.13. Jlnura nenectka 42 BAOJAb JUHUM 39 PacCTOSHUS HE NPENCTABISET
HHKAaKOTO OTPaHHYEHHsI TOrO, YTO MUKPO(OHHAs pereTka 37 Morya Obl YETKO «CIIBIIATH» B
npeaenax jenectka 42 nuarpamMmbl HalpaBJIeHHOCTH. /luarpaMma HanmpaBJIEHHOCTH MOKAa3aHa

B MOJIAPHBIX KOOpAUHATAX. OI[HaKO YCHIJICHUEC 3BYyKa TaKXKE ABJISACTCSA YaCTbhIO (l)OpMI/IpOBaHI/Ie
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ArarpaMMbl HAIIPaBJIEHHOCTH M MOXET ObITb aBTOMATHYECKH OTPETYJIHPOBAHO A0 3a1aHHOTO
npenena, Hampumep, ¢ nomoupld DSP, unm oTperyiupoBaHO BpPYYHYHO IOJB30BaTENlEM
OIpaBbl OYKOB, HAIIPUMED, IOCPEACTBOM YIIPABIEHUS JKECTOM, OOHAPY KEHHBIM JaTYUKOM 18
JKecTa.

CyuiecTByeT MHOXKECTBO Pa3IMYHbIX (POPM JIETIECTKOB AHArpaMMbl HAIPABIEHHOCTH
MHUKPOQOHa, KOTOpBIE CHUCTeMa MAOJDKHA mnoxaepxkuBartb. OIHUM M3 aCMEKTOB SIBJISETCS
BBIUMCJICHHE KOHKPETHOIO JIENIECTKA Ha OCHOBE PACCTOSHUS U T.J., KAK PACCMOTPEHO BBIIIIE.
OnHako 5TO MOXeT MOTpPeOOBAaTh MUTAHMSA OT AKKYMYJIATOPA, KOTOPBIA JOJDKEH, IO
BO3MOYKHOCTH, OBITh BCTPOEH B OIpPaBy OYKOB. [103TOMY B paMKax HaCTOSIIErO U300pETEHHsI
NpeBApPUTEIbHO BBIUMCIICHHbIE MapaMeTphbl, OMNpEessIoINe pas3IndHble UarpaMMbI
HaNpaBJIE€HHOCTU JIETNIECTKOB, MOXKHO 3arpyxkatrb B mpoueccop DSP Besakuil pas, koraa
TpeOyeTcst TaKoU mpeaBapuTeIbHbINA pacueT GopMmsl jenectka. Kpome Toro, UMerTCs Ipyrue
YacTH TAKOro JIeMeCTKa JAHarpaMMbl HANpPaBJIEHHOCTH MHKPO(GOHA, KOTOpPblE MOTYT
moagudunupoBaTecst BO Bpems paborel. Hampumep, mHpuHY JemnecTka IuarpamMmbl
HaMpaBJIE€HHOCTU MOXKHO OTPEryJMpOBaTh, U3MEHsS] OTPAaHUYEHHOE YUCJIO NapaMeTpOB U HE
BO3/EICTBYSl HA ApyrHe MapamMeTpbl. DTa BO3MOXKHOCTb 3aBUCUT OT Tuma npoueccopa DSP,
KOTOPBIH UCTIOJIB3YETCsI B IPUMEPE BBIMOIHEHHS HACTOSIIET0 H300peTEeHNs.

ITpuMeps! pa3nUYHbIX CLIEHAPUEB, TTOKA3aHHBIX BhILIE, TPEOYIOT HEKOTOPOTrO CTaHIApTa
(opMUpOBaHUST  JIENECTKOB  JHArpaMMbl  HAIPABJIEHHOCTH, KOTOPbIE MOTYT  OBITH
NPEABAPUTEIbHO BBIUUCIEHBI, HAapUMeEp, NPOrpaMMOil MOAEIUPOBAHUS WM IPOrpaMMOM
KOH(pUTypaLyu, NOCTABISIEMO BMECTE C KOHKpeTHOM cxemoit DSP. OnHako, kak pacCMOTPEHO
BBILIIE, UMEETCS TaK)Ke MOTPEOHOCTh B M3MEHEHUSIX JIEMECTKA JUArpaMMbl HAIPaBJIEHHOCTH
WIM aBTOMaTUYEeCKH, WJIU MOCPEACTBOM BBOJA NAHHBIX MOJb30BaTeseM B BUAE, HAalpUMep,
KOHKPETHOTIO KeCTa.

Hanpumep, ananranus jernecTka AvarpaMMbl HalpaBiI€HHOCTH IyTEM YBEJIUYEHHUs
IIMPHHBI MOXET OBbIThb CBsi3aHAa C JAHHBIMH THPOCKOIA, YKA3bIBAIOIIUMH CTEIEHb yTJIOBOTO
niepeMeLIeH s TOJIOBbI, B pe3yJjbTaTe 4ero IHUPHUHA JIeTecTKa JAuarpaMMbl HaIlPaBI€HHOCTU
yBEJIMUNBAETCS WIN Y MEHbILIAETCS.

Eme onuH acmekT HacTOAMEro H300pPETeHHs 3aKIFYaeTCsl B TOM, HYTO KakKIoe
U3MEpEeHNe W3MEHEHHs YIJIOB WM HM3MEHEHUs] PacCTOSHHUA OT/I0 OOBEKTa IMPOU3BOIUTCS
OTHOCHTENIbHO CaMOM OIpaBbl OYKOB, KOTOpas HeceT Ha ce0e COOTBETCTBYIOIIUE
MHUKpoQoOHHBIE pemieTku I[loaToMy, KOrma JemecTOoK AuarpaMMbl — HalpaBJIEHHOCTH

YBCIIMUUBAIOT HAa OCHOBEC [JAHHBIX THUPOCKOIA, YIJIOBOC YBECIUYCHUE MOXKET OBITh



22

OTHOCUTENIbHBIM 3HAu€HHeM, J00aBIseMbIM K HANPABICHUIO JIETIeCTKA JHUarpamMMbl
HAMpaBJIE€HHOCTHU, H3HAYAJIbHO Y CTAHOBJIEHHOMY B COOTBETCTBUH C pacCUUTaHHOM cxemoii DSP
auarpaMMol  HampaBlieHHOCTH. I[Io3TOMy MOXKHO HMeTh TaOJHLBl COOTBETCTBYIOLINX
ycraHoBok DSP, accoumupoBaHHBIX C  ONpENEJIeHHbIM OTHOCUTEIbHBIM  YIJIOBBIM
yBEJIMYEHUEM WM YMEHbIIEHUEM, HampuMmep, A KaXAOoro rpagyca usMeHeHus. Takue
TaOJMUIBI MOTYT XPAaHUTHCS B HaMATH cxeMbl SOC, M KOrja THPOCKON OOHApy»KHBaeT
W3MEHEHUE HANpPaBJIEHUs B CTOPOHY YBEJIMYEHMs] WIM YMEHBIICHMs YIja, 3Ta BEJIUYMHA
U3MEHEHHUS] MOXKET HCIIOJIb30BAThCs ISl TIOUCKa B Tabyuie Takux yctaHoBOK DSP, kotopeie
OmmKke BCEro K yIJIOBOMY HM3MEHEHHIO, 3HaueHHe KOTOporo sarpyxeHo cucremoil SoC B
npoueccop DSP.

«HyneBoe» HampaBJeHUE OTHOCHTENBHO MEePEeIHEH TPaHH OIMPABbl OYKOB MOXET OBITh
yCTaHOBJIEHO IOJIb30BATEIIEM OIPABBI OUKOB B JI00O0E BpeMs Iy TEM OIPEeNIEHHOT O JKeCTa UIIN
C UCTIOJIb30BaHNEM MOOHMIIBHOTO Tene(OHa, CBSI3aHHOTO C OIIPABOH OUKOB.

H3meHeHne nenecTka QuarpaMMbl HaIPABJICHHOCTH M3-3a U3MEHEHHMs PACCTOSHUS 10
00BEKTa, TAKOTO KaK NTHLA WIIHA YeJIOBEK, MOYKET TAKKE COMPOBOKIATHCS PA3TMUHON ITMPUHON
JENeCTKa JAMarpaMMbl HampasJIeHHOCTH. Hampumep, s 4enoBeka, CTOSIIETO Ha
OTIPENENIEHHOM pAacCTOSIHUM, TpeOyeTcs OmpeneieHHas [IHpPUHA JIeeCTKa IharpamMmbl
HAIPaBJICHHOCTU. BceieacTsBue MNEPCHNEKTUBHOIO YBEIWYEHUs, KOrja KakOH-TO YEeIOBEK
NIEPEMELIAETCS 110 HANPABJICHHUIO K ONPAaBe OYKOB, IIMPHUHA JIyda JOJUKHA COOTBETCTBEHHO
YBEJIMYUBATHCS, YTOOBI MOKPBITH JIMIO JBHXKYINErocs dejoBeka. Korama yenoBek ynansercs,
IIUPUHY JIETIeCTKA JUarpaMMbl HAMpaBJICHHOCTH HY)XHO YMEHBLINTb. OTH H3MEHEHUs,
KOHEYHO, OTPAHMYEHBbI MPAKTHYECKUMH COOOpaskeHUsIMH. UeNoBeK, CTOSALIMIA NpPsSMO Mepen
ONMpaBOH OYKOB, HE JO/UKEH OBITh TMOJHOCTBI TOKPBIT JIEIECTKOM JTHArPaMMBbl
HarpaByieHHOCTH. Korna dbenoBek CTOMT Ha OONBLUIOM PACCTOSIHUM OT OINpPaBbl OYKOB,
MHHHMMAJIbHAS LIMPUHA JIETIECTKA TUArpaMMbl HAIIPABJIEHHOCTH MOXET OBITh OTpeeeHa KaKk
mHUpUHa 1o ymoauaHuio. OQHaKO BCe STH U3MEHEHUs MPOUCXOAST OTHOCUTEIBHO MOJIOKEHHUS
ONpaBbl OYKOB, TO €CThb, HAPUMEP, PACCTOSIHUE YBEJINYUBAETCS, €CJIM MOJIb30BATENb ONPABBI
OYKOB YJaJISIETCs OT IPYrOro YEJIOBEKa, a TAKXKE, €CIIH YAAJSIETCS 5TOT YEJIOBEK.

ITosToMy pa3nu4yHBlE OTHOCHTENbHbIE HM3MEHEHUS pACCTOSIHUS MOTYT OBITh
aCCOLIMUPOBAHbI C PA3JIUYHBIMU JICIECTKAMU AMArPaMMBbl HAIIPABJICHHOCTH, XPAHSIIUMUCS B
tabmunax. Korma matymkoM H3MepeHHs pacCTOSHUS OOHApPY>KEHO HEKOTOPOE H3MEHEHHE
PaCCTOSIHUS, BEIMYMHA 3TOTO W3MEHEHMs PACCTOSHUS IMPENCTaBIsAET COOOH OTHOCHUTENbHOE

3HadyeHue, u cucremMa SoC MokeT ObITh CKOH(UTIYPUPOBAHA TaK, YTOOBI HANTH KOHKPETHOE
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TabMUUHOE 3HaveHue, Onmmkalilee K 3apaHee PAaCCUUTAHHOMY H3MEHEHHIO PACCTOSHUS U
3arpy3uThb 3TO 3HaUeHUe B npoueccop DSP.

«HyneBoe» paccrosHue MOXeT ObITb YCTAQHOBJIEHO IIOJb30BATENEM  IIPU
MHULHAJIN3ALUN CUCTEMBI, HAIIPUMED, KOHKPETHBIM JKECTOM.

Kpome Toro, B pamkKax HaCTOSIIEro M300peTeHHss MOXHO HCIHOJIb30BaTh
OOHAapy’KeHHbIE W3MEHEHUs VIJIOB W/WIM M3MEHEHHUs] PACCTOSHUS B 3aBUCHMOCTH OT
COOTBETCTBYIOLIUX KOH(Uryparuii MUKpOGOHHOH pemieTki. MOXHO CO3AaTh pa3iMYHbIE
TaOMUIBI, 3aBUCSIINE OT KOHPUTypauuu MHUKPOQOHHOW pemerkd. JaTYMKH H3MEpEeHHs
PACCTOSIHUS TAKXKe MOTYT OBITh BCTPOCHBI B AYKKHU ONpaBbl 0UKOB. ITosTOMy (hopmupoBanue
OTIpEeNIEHHBIX JICTIECTKOB JHAarpaMMbl HATIPABICHHOCTH HA KaXIOW CTOPOHE OMPaBbl OYKOB
MOYET TaKKe€ MEHSThCS B 3aBHCUMOCTH OT YIJIOBBIX M3MEHEHHH yTIJla ONPaBbl OUKOB, a TAKKE
U3MEHEHUs PACCTOSTHHSI 10 OOBEKTA.

Eme onuH acnekT yBenn4eHUs/yMEHbIICHNSI O0bEKTa B MEPCIIEKTHBE Ha BUIACOKAIPE
3aKJIF0YAETCs B TOM, YTO MOKHO OOHApY’KUTh HAaNpaBJeHUE MepeMelneHns: oobekra. MoKHO
TaKKe MCIIOJIb30BaTh COOTBETCTBYIOIIHE TATYNKH U3MEPEHHUS PACCTOSHUS, YTOOBI OOHAPY KHUTh
HanpaBJieHHe nepeMeleHns oObekTa. Ecnu Takoe HM3MepeHue pacCTOSHUS IOBTOPSTH C
3aJaHHON YacTOTON, MOXKHO M3MEPUTh CKOPOCTh M3MEHEHUS] PACCTOSHHUS, a CIIEIOBATENBHO,
U3MEPUTH CKOPOCTh 00BbekTa. TakuM 00pa3oM, MOXKHO YCTAHOBUTh CKOPOCTh U HAIpaBJICHUE
OTHOCHUTEIIBHO OTIPaBbl OYKOB. ITO MOKET, HAIIPUMED, UCIIONIb30BATHCA IS IPEAY IPEXKIECHUs
00 oObekTe, mpUONMKAOLIEMCsT ¢ BBICOKOH CKOPOCTBIO, HarpuMep, aBTomodute. ['onocoBoe
coo0IeHne, MoiaBaeMoe B yXO, 3aCTABUT IOJIb30BATEJNSI ONPABbl OYKOB MOBEPHYTH T'OJIOBY,
9YTOOBI PACCMOTPETH TO, UTO MPUOTMKAETCS. DTO BAXKHO AJIS JIOJEH C YXYIIIEHHBIM 3PEHUEM.

Ee ogHO nmpusioxeHue, CBI3aHHOE C PACCTOSTHUEM U HI3MEPEHHEM PACCTOSTHUS, 3TO TaK
Ha3bIBAEMbI «3yMMep COLMaNbHON nauctaHummy. Eciam oObekt mnpubmikaercs Omioke,
HarpuMep, 2 METPOB, TaKOe MNPWJIOKEHHE MOXKET BKIOYHTb TOJOCOBOE COOOIIEHHE |
NpeaynpeanThb MOJIb30BATENS OMPABBL

B pamkax HacTosero n300peTeH st MOXKHO 00eCTIeUYnTh HA0OP Pa3INYHBIX CLICHAPHEB,
CpeAH KOTOPBIX IMOJIb30BATEIb OMPAaBbl OYKOB MOXKET BBIOMPATh TAKOH, YTOOBI aJanTHPOBATh
CUTyallMI0 CIyLMIaHWs K CBOUM moTpeOHOCTAM. Hampumep, «IOPTPETHBIA pPEXIMY»
noapasymMeBaeT OOHapy’KeHHE OIHOrO JIMIA 3a OAMH pa3 U (POpMHUPOBAHHE IHATPAMMBI
HaIpaBJIEHHOCTH MUKPO(OHOB, ONTUMHU3HPOBAHHOE JJISI KAXKIOro OOHAPy KEHHOTO JIMIA, HO

TOJIBKO JJIs JIULL B IIpefiesiax ONpeAeseHHOTO pacCTOsSHUS OT ONpaBbl O4YKOB. [[pyroii pexxum
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MOXET OBITh «JIaHAIAPTHBIM PEXKUMOM», KOrna MHUKPO(POHBI «CIYIIAIOT» BCE BOKPYT,
HarpuMep, MpH OTMO3HABAHUM NTHLI, KaK OMUCAHO BBILIE.

Taxue crieranu3upoBaHHbIE PEXKUMBI MOTYT OBITh aKTUBU3UPOBAaHbI U3 Oosee 00mux
pexumoB. Hanpumep, «imaHamadTHBI pexumM» MOXKET ObITh CKOH(HUIYPHPOBAH, YTOOBI
CylIaTb IE€CHU MTHUL, a KOrJa I0JIb30BaTeNlb OIpaBbl OYKOB COIJIACHO HACTOALIEMY
U300pETEHHI0 TTOBOPAYMBAET T'OJIOBY HA TAKOW HCTOYHUK 3BYKA KaK MNTHLA, MOXET OBbITh
AKTUBH3MPOBAH CHEIMATH3UPOBAHHBIA «ITUYUN PEKIM .

Taxke MOXHO CKOH(PHUIYpUPOBAThb CIIyXOBOW ammapar Tak, 4ToObI 00ecrneduThb
HEKOTOpBI aHaJU3 3BYKOB, MPHHATBIX OT HMCTOYHHKA 3BYKA, M HA OCHOBE YaCTOTHBIX
COCTABJISIFOLINX B 3BYKOBBIX BOJIHAX XaPaKTEPH30BAThH 3BYK, KAK UAYIIUI OT YEJIOBEKA H T.1.
CryxoBoii anmapat MOXKeT ObITb CKOH(UTY PUPOBAH IJIs1 HCIIOJb30BAHMS 3BY KOB OT HCTOYHHUKA
3ByKa, HAa KOTOPBIA HAampaBlieHa IUarpaMMa HANpaBI€HHOCTH, U BBIYUCIUTH CTEINECHb
BEPOSITHOCTH TOTO, YTO UCTOUHHUK 3BYKA - 3TO PA3roBOp JIOAEH, ABUraTelb, MOE3] WIN APyTroi
TUI UCTOYHHKA 3BYKA.

CornacHO ele OXHOMY IMPHUMEPY BBIMOJHEHUS HACTOSIIETO M300peTeHus, MpOoQpuilb
NOJIB30BATENS, ONpPENENAomui Habop creun(uKauil Moib30BaTeNsl, MOKET OBITh YaCThIO
peanu3anuy pa3IHYHbIX PEKUMOB CITYIAHUS.

Ha ¢wur.15 nokazan npumep BapuaHTa ONPaBbl OYKOB COIJIACHO HACTOSIIEMY
N300peTeHNI0, BKJIOUAIOUINK (PyHKUMOHANbHbIE HU(POBBIE CXeMbl M (YHKIHUOHAJIbHbIE
OJI0KH, BCTPOEHHBIE B ONPABY OYKOB, KaK MOKa3aHO Ha ¢ur.1.

Hamnpuwmep, mudpossie mukpodonsr 13 moryt umers Tun TDK ICS-41251 u ObiTh
CBsI3aHBI C TporieccopoM 54 ayauocurHaia, Hampumep, Tuna Analog Devices ADAU1787,
KOTOPBI MOXKET MPUHUMATh BXOIHBIE ayIUOCUTHAIBI OT 8 1udposbix MukpodoHoB. Kak
PacCMOTPEHO BBILLE, B ONpaBe OYKOB HMeeTcs ABa ycrpoiictBa DSP, mo ogHOMy B KaxkIoit
OIpaBe OYKOB, U B MPUMEPE BBIMOJIHEHUS] HACTOSIIETO M300pETeHUs B OAHY IYXKKY OYKOB
MOYKHO BCTPOHTBD IIECTh MUKPO(OHOB, CBA3aHHBIX C mporeccopoM 54 DSP, BCcTpoeHHBIM B Ty
xe nykKy. Kpome Toro, nByMs U3 4eTbIpeX MHKPO(OHOB, BCTPOEHHBIX B MEPEIHIOI YacTb
OTpaBbl OYKOB, MOXKET YNPABIATh TOT ke camblil npoueccop 54 DSP. Jlpyras nyskka OuKOB
MOXET YIPABISATh LIECTBIO MUKPO(OHAMH € IPyroil CTOPOHBI ONpPaBbl OYKOB IUTKOC JIBYMsI
OCTaBIIMMHUCS U3 YEeThIpeX MUKPO(OHOB Ha mepenHeil JacTu onpasbl 0ukoB. MHOpMaruro o
MHKpOQOHE TDK I1CS-41251 MOKHO HalTH o aapecy

https://www.invensense.com/products/diaital/ics-41351/.
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Ierme DSP ADAU1787 umeer ¢pyHkunn GopMUpOBaHUS AHAarpaMMbl HAIIPABIEHHOCTH,
KOTOpPBIE PacKphITHI 1O anpecy https://www.analog.com/en/products/adaul787 html#product-
overview.

Komnanuss Analog devices mpemiaraer Takxe NpUWIOXKEHHe, oOyerdaroriee
HOJIb30BATENI0 (POPMHUPOBAHUE IUATPAMMBI HAMPABJIEHHOCTH C IOMOIIBIO Ipaduyeckoro
unrepdeiica monp3oBarens. Takol rpaduueckuii UHTEpQEHc MOIb30BATENS TAKIKE TOCTYTICH B
Ka4eCTBE MPUIIOKEHHUS, KOTOPOE MOXKET ObITh YCTAHOBJIEHO B MOOMIIbHOM Teiedone 56.

Kpome Toro, ycrpoiictreo ADAUI1787 mnpencraBiser coOOH  MONHOCTBHIO
nporpammupyemoe ycrpoiicteo DSP, koropoe mo3BOJsieT MOAAEpKUBATH Pa3TUYHBIC
BBIOMPAEMbIE MOJIb30BATENIEM OIIUH, 3aJaHHbIE B IPOQUIIE MONIb30BATENS W/ HIH Pa3InIHbIE
PEeKUMBI  CIIYXOBOTO  ammapara, Kak pacCMOTPEHO  Bblle. Takoe  W3MEHEHHe
(PYyHKIMOHATBHOCTH MOTYT TAaK)X€ BbI3BaThb KOHKPETHBIE JKECThI, OOHAPYKEHHBIE CHCTEMOMN
OOHapy>KeHHsI JKECTOB, KOTOPAsl TAKXKe MOXET OBITh YAaCTBIO CIIyXOBOTO alllapara COTJIaCHO
HACTOSIIEMY H300pPETEHHIO, a KPOME TOro, MPOrpaMMbl, BbIMOJHsAeMONW B cucteme SoC,
KOTOpAas TAK)KE SIBJSIETCS] YACTHIO CIIyXOBOTO aIapaTa COrjacHO HACTOSIIEMY H300PETEHHIO.

Kontponmnep 44, ynpaBnsiOLMi COOTBETCTBYIOLUIUMH IH(PPOBBIMH  (YHKIMAMHU
CHUCTEMHBIX OJIOKOB, MOXeT ObITb cxeMol, HaszbiBaeMoil SOC (cuctema Ha uwmIe), KOTOpas
ABJISIETCS ~ MHTETPAJIbHOM  CXeMOMW,  conepkamiedl  (QyHKUIMOHANbHbIE  KOMIIOHEHTBI
BeIMUCIUTENbHON cucTembl. McnonszoBanue SoC 44 mo3BOss€T 3HAUYUTENBHO YIPOCTUTH
nporpamMMHoe obecriedeHue, KoHpUrypupyoiee padodre acreKTsl ONpaBbl OYKOB COTIACHO
HacTosimeMy u3o0pereHmto. Pa3paborka u paboumii LMK MOTYT BBIIOJHATBCSA TIOA
HAOJTFOIEHUEM OTEePALMOHHON CHUCTEMBbI, TaKOH Kak Linux. M3BECTHO HECKOJBKO MPUMEPOB
cucteM SOC, KOTOpble MOIYT HCIIOJNIB30BAaTbCA B IPUMEPAX BBIMOJHEHUS HACTOSIIEro
u3o0perenns. Kpome Toro, nOCTymHBI ApaiiBephl IJIsl PAa3IUYHBIX YCTPOHCTB JJIsi pabOTHI B
Linux.

Buneocucrema ¢ Buneokamepoii 15, obecrieunBaromieil BO3MOKHOCTb OOHAPY KEHHUS
Juna, Moxer ObiTh, Hampumep, tuma BST-007001, cm. https://omronfs.omron.com/en
US/ecb/products/pdf/en-bSt.pdf.

Buneocucrema 15 wmoxker comepxkarth kamepy 15a u Bumeocxemy 15b SOC,
CKOH(UTY pHPOBAHHYIO JUIsl HCTIOJIb30BAHUS AJITOPUTMa OOHAPYKEHHUS JINLA, PACCMOTPEHHOTO
BBILIIE.

Panapnas cucrema OOHapy>K€HHUsI JONIUIEPOBCKOTO CMEIIEHHs, KOTOpas MOXKET

HUCIIOJIB30BATHCA B BApUAHTAX BBIMMOJHEHUA HACTOSALICTO I/1306peTeHI/I$I, MOXKET, HAIpUMeEp,
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ObiTe  paamojiokaropoM  Ha  d¢pdexre  [ommepa  Seeed MWOS82TRI11, cwm.
https://www.seeedstudio.com/MWO0581TRII-5-8 GHz-Microwave-Doppler-Radar-Motion-
Sensor-p-4366.html.

Ha ¢ur.15 mnoka3aHO, YTO cCHCTEMa MOXET COIepKaTh akcenepomeTp Sl.
@DyHKIMOHANBHBINA aCIeKT akcemepoMerpa 51 3akimouaercsi, Hampumep, B OOHAPYKEHUH
KacaHusl TMajblleM OMNpaBbl OYKOB. M3BECTHO, YTO Takoe KacaHHE TeHEepUpyeT IIyM,
cozmaBaeMblii MHKpodoHamMH, W cucTeMa Oyner reHepupoBaTh pe3kuil mym. CorjacHo
NpUMeEpPy BapHaHTa BBIMOJHEHHs] HACTOSIIEro M300peTeHus, paboTa akcenepoMeTpa MOXKET
NPUBOIUTH K KPATKOBPEMEHHOW OJOKMpPOBKE MHKPO(POHOB wiu JrO0OH  Ipyroi
COOTBETCTBYIOILEH 3JEKTPOHHOM 4YacTH CHUCTEMbL. B HEKOTOpPHIX IpHMepax BBINOJHEHUS
HACTOSIIETrO N300pETEHHs ONpaBa OUYKOB MOJKET UMETh HECKOJIBKO KHOIOK 41. AKTUBH3ALS
TaKUX KHOMOK 41 MPHUBOAMT K KPAaTKOBPEMEHHOH OJIOKMPOBKE ITYMOB B HAYLIHHKAX 55,
BCTaBJIEHHBIX B VIIIH [TOJIb30BATEIISI CIIYXOBOTO AIapaTa COrjacHO HaCTOSIIIEMY H300PETEHHIO.

[Ipumep BapwaHTa BBIMOJHEHUs HACTOSIIETO M300pETeHUs, MOKa3aHHbIA Ha ¢ur.15,
MOJKET Takke MOJJEepKUBaTh ympasieHue kectamu. IIpumepom cucrems! 48 ympasieHus
JKECTAaMH, KOTOpasi MOKET HCIOJIb30BaThCs, sBjsieTcs: natuuk PAJ7620U >xecToOB, KOTOPHBIH
MOXET Pacro3HaTh 9 pa3aM4HBIX JKECTOB. J[aTUMK >KECTOB MOXKET OBITh MOMEINEH B OINPaBY
oukoB 10, HanpuMep, nepes ONpaBoil OYKOB MJIM Ha JIy’KKE OYKOB, KaK IMoKa3zaHo Ha ¢ur.3. B
5TOM CJly4ae MOXKHO OOHApY’KHTb IBIKEHHMS PYK M PACIIO3HATH B HUX HEKUH KOHKPETHBIN
JKECT, KOTOPBIH MOXKET OBITh aCCOLMUPOBAH C KOHKPETHOH KOMAaHIOH WJIHM AEHCTBHEM, Ha
KoTopoe orpearupyer cuctema 44 SOC.

B ermie ogqHOM mpuMepe BapHaHTa BBIMIOJHEHUS] HACTOSILIETO U300peTeHus: cuctema 44
SoC ckoHpurypupoBaHa Tak, 4roObl MepenaTb rojOCOBOE COOOINEHHWE B HAYILIHUKU S5,
BCTaBJIEHHbIE B YIOU IOJb30BATEJsI OMPABbl OYKOB COTJIACHO HACTOSIIEMY H300PETEHUIO.
Hanpumep, BbIOOp MyHKTa MEHIO U HHCTPYKIUH Uil JaTbHEHIINX AEHCTBHI MOXKHO MOCJIATH,
HarpuMep, B BUE FOJOCOBOIO COOOIIEHUSI.

Kak cka3aHo BbIIIE, aKCEJIEPOMETP BBI3bIBAET OJOKUPOBKY ayAHOINOTOKA BCAKUN pas,
KOT/Ia TMaJiell KacaeTcsl OmpaBbl OYKOB. ECIIM kKacaHMe - 3TO 4acTh JKECTa IO BBIOOPY MyHKTA
MEHIO0, OJIOKMPOBKA 3aKaHUMBAETCS, KOT/a MaJiel] yOpaH ¢ MOBEPXHOCTH ATUHKA.

Cuctema, nokazanHas Ha Qur.15, MOXKET Takke COepKaTh FTMPOCKONTNYECKHNA TATIHK
50. EcTb HECKOJIBKO U3BECTHBIX THPOCKOMUUYECKHUX JATYUKOB, KOTOPbIE€ MOTYT UCIIOJIb30BATHCS

B IIpUMepax BBIMOJHEHHS H300pETeHUs.
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B eme ogHOM mpuMepe BBINMONHEHHMs Hacrosimero mzobpereHus cucrema 44 SOC
CKOH(UTYypHPOBaHA TaK, YTOOBI ONPEAETATh HANPaBJICHUE B3IJIAA, 331aBA€MOE THPOCKOIIOM
50. B stom cnyuae cucrema 44 SOC ckoHurypupoBaHa Tak, 4ToObl POUHCTPYKTUPOBATH
ayauonporeccop 54 DSP Ha ¢opmupoBaHHe nuarpaMMbl HANPaBJIEHHOCTH B HAmpaBJICeHUH
TaKMX MOKAa3aHUN OTHOCHUTEIBbHO ompasbl 10 oukos. IIpu 3TOM nuarpamma HampaBIeHHOCTH
OKa3bIBAeTCs HAIPaBJIeHA Ty/a, KyJa CMOTPHT IOJIb30BaTeNb orpasbl 10 0uKOB.

Cucrema OecnipoBOIHOHN CBsi3u it ompaBbl 10 OYKOB COTJIACHO HACTOSIIEMY
M300pETEHHI0 MOXKET MO KUBATh, HanpuMep, cranaapt Bluetooth. Ha ¢ur.15 anrenna 45
Bluetooth cesizana ¢ SOC 44 nocpeacrsom puibTpa 46 paguodacTor.

Jlpyrue CcTaHmapThl CBS3M TaKXKe HAXOAATCS B OObeMe H300peTeHHs U MOTYT
UCTIOJIb30BaThCSI.

Kpome TOro, B o0OBEME HACTOSIIEro M300pETEHHs HAXOIUTCS HCIOJIb30BAHNE
CTaHIApTa CBS3H, BKIFOYAIOLIETO aJPECalfi0 YCTPONUCTB, TO €CTh, OECIIPOBOAHON CHUTHAJ W3
onpasbl 10 OYKOB MOXKET COAEPKATh KOHKPETHBINA MEPBBIN aapec AJs HAyLIHUKA 55 BHYTpH
IPaBOro yXa M BTOPOH KOHKPETHBIN aipec AJid HaylIHUKA 55 B JIeBOM yxe. B 5ToM ciydae
pa3nuuHyr0 HMHPOPMAIMIO MOXKHO TMOCBUIATh B pasnuuHble ymu. Hampumep, ecnu
MHUKpPOBOJIHOBbIe ycTpoiicTBa 14a, 1la Ha ofgHONW U3 oOmpaB OYKOB OOHApPYKHUBAIOT
npuOIIKaoIUics 00BeKT ¢ mpaBoit ctopoHbl, SOC 44 MoxeT ObITh CKOH(UTYPUPOBAHA TaK,
yTOOBl TOCNATh MPEAyNpPeXKICHHE B HAYMIHUK 55, pPACHONOXKEHHbIH B TPaBOM yXe
NOJb30BATENsl  ONPABbl OYKOB. JTO MOXKET ObITh, HAmpuUMep, NPEnyNnpexaeHne O
npudmkaromemcs: asromodmie. Harpumep, oOHapyskeHne CKOpOCTH U3MEHEHUs PaCCTOSHUS
10 TmpuONMXKAOIErocss OObEeKTa MOXKET HCIONb30BaThCs, 4YTOOBI OOHAPYXKUTh, YTO
aBTOMOOWJIb MPHOJIKAETCS, U BKJIOYHTh BbIAAYY NPENYNPEKICHUS O MPHOIMKAIOIIEMCS
aBTOMOOHIIE.

Papap nopo:xHOro ABMKEHUS WK pajap 49 TONIIIEPOBCKOTO CMEIIEHUS TaAKKE MOKET
OBITb BCTPOEH B ONPaBy OYKOB COTJIACHO HACTOSIIEMY H300PETEHHUIO.

BO3MOXXHBII MEXaHU3M afpecalii MOXET TaKKe IMPEeNOTBPATHTb OECHPOBOIHYIO
MHOTOCTOPOHHIOIO CBsI3b MEXKAY ABYMsl ompaBamMH 10 OYKOB, KOTOpask MOXKET BO3HHKHYTHb
MEKAY ABYMsI JIFOABMH, CTOSIIIUMH OJIM3KO APYT K IAPYTy. DTO MOXKET NPENyIPEAUTD OLIHOKHY,
HarpuMep, B IUarpaMmax HarpaBJI€HHOCTH MUKPO(OHOB B COOTBETCTBY FOLIMX ONPaBaX OUKOB.

Eme omHMM acnmekToM HACTOSINEro H300pETeHUsl SBISIETCS  HCIOJb30BAHNE
nporpaMmel, pabotaromeii B cucreme SoC, mns yrnpasieHHs (POPMHPOBAHUEM JIETIECTKOB

AuarpaMmbl HANIPaBJICHHOCTU COITIACHO pPa3JIMYHbIM CLCHAPUAM CJIyIAHUS. H3meHeHue uUiu
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BBIOOP KOHKPETHOTO CIIEHapHsl CIYIIAHHs MOTYT OBbITh CHENaHbl IOCPEICTBOM JKECTa,
O0OHapy>KeHHOTO KOHTpOJUIepoM 18 jkecToB, Kak MOKa3aHO Ha (Ur.3, WM MOCPEACTBOM
CBSI3aHHOTO MOOWJbHOro TenedoHa, Kak mokazaHo Ha ¢ur.l. JlemecTrok nuarpamMmsl
HAIPABJICHHOCTH OIpENeNeH HANpaBICHUEM OTHOCHTENIbHO MOBEPXHOCTH MHUKPO(OHHOM
pEeLIeTKH WK, HAalIpUMeD, NepeHell CTOPOHBI ONpPaBbl OUKOB, TaK KaK Ha NepefHel CTOpOoHe
OMpaBbl OUKOB HAXOAUTCS MUKPO(OHHAs pemeTka. Ta ske camasi CUTyalusi ClpaBeIuBa st
MHUKPO(OHHBIX PEIIETOK, PACIIOIOKEHHBIX Ha y’KKaX OYKOB. Bo3MOkHA Takke KOMOMHAIHSI
MHUKpPO(OHOB Ha MepeHell CTOPOHE OMPaBbl OYKOB U MUKPO(OHOB Ha AyKKaxX OUKOB. JIroOast
Takass MUKpO(OHHAsI pemeTka oOpameHa K UCTOYHHKY 3BYKa, MPENCTABISIOLIEMY HHTEpEC.
Hanpasnenue nemectka auarpaMMbl HAIMPaBJIEHHOCTH K HMCTOYHUKY 3BYKa MOXKET OBITb
BBIOPAHO TMOJB30BATENEM, HANpHMep, KOIJa IOJNb30BaTeNb IIOBOPAYHBAET TOJIOBY K
NPEACTABISIIOIEMY HHTEPEC MCTOYHUKY 3BYKa, a 3aT€M BBIOMPAET 5TO HANPAaBJICHHE Kak
HaIlpaBJIEHHUE JIETIECTKA ANArPaMMBbl HarpaBieHHOCTH. OTHOCUTENbHOE YIJIOBOE HAIIPABJICHHE
10 OTHOLIEHHIO K MOBEPXHOCTU OIPABBI OYKOB MOKET OBITh CUUTAHO M3 THPOCKOITUYECKOTO
JaT4rKa, KOTAa 3TOT THPOCKONMMYECKUH AaTYNK KaTUOPYIOT Ha HEKHH OTHOCHUTENIbHBIN yTOI,
Harpumep 0°, Koraa ornpasa O4KOB CMOTPHUTY MPSIMO.

HNmeroTcst mo MeHblIeH Mepe ABa BaXKHBIX (DakTopa, KOTOpBIE CYLIECTBEHHBI NPU
BBIYMCJICHHUH JIETIECTKA JUarpaMMbl HanpasieHHOCTH. [IepBrIii, 3TO, KOHEYHO, HANPABIEHHUE,
HO IIMPHUHA JIENeCTKA IAHarpaMMbl HAIMPABIEHHOCTH TaKXe Ba’kHA B OTHOLIEHHM 3(dexTa
dunpTpanmy Ay y3KOrO JIEMeCTKa AMArpaMMbl HANPABIEHHOCTH B MPOTHUBOBEC HINPOKOMY
JIETIECTKY JMarpaMMbl HANpPaBJIEHHOCTHU. Jlaxe eciM JenecTok JuarpaMMbl HAIIPABIEHHOCTU
cOpMHPOBaH JJIsl PUEMA T'OJIOCOBBIX 3BYKOB OT €IWHCTBEHHOT'O YEJIOBEKA, 3TOT CLIEHApUH
IS TIOJIb30BATEISI ONPABBbI OUKOB MOKET MU3MEHSTHCS, KaK pacCMOTPEeHO Bbile. Hanpasienue
U LIMPUHA JUAarpaMMbl HANPABICHHOCTH MOXET OBITh aCCOLMHUPOBAHA C KOHKPETHBIMH
MHUKPO(QOHAMH BHYTPH JIETIECTKA TUArPAMMBbl HATPABJICHHOCTH IUJIsI MUKPO(GOHOB, KOTOpPBIE
oOpaleHbl K UCTOUYHUKY 3BYKa, M JJISI STUX MHKPO(OHOB KO3()(PHULMEHT yCUICHUS MOYKHO
yBEJIMUYUTD, HalpuMep, B npexnycuiutene B cxeme DSP. PaccTosHue 10 MCTOUHHKA 3ByKa
TAKXK€ MOXKET TOMOYb B OIpPEIENICHHH LIUPUHBI JIETIECTKA JUArpaMMbl HAIPaBIEHHOCTH,
alanTHPOBAHHOW K BO3MOXKHOMY H3MEHEHHMIO pa3Mepa HCTOYHHKA 3BYKa OTHOCHTEIBHO
U3MEHEHHUS] PACCTOSHUS MEKAY ONpPaBOH OYKOB M MCTOYHHKOM 3ByKa. IlosTOoMy B 0Omiem
clyyae:

HaIpaBJIeHUE JIETIeCTKA AUarpaMMbl HAIIPABJIEHHOCTH 3a1aHO OTHOCUTENIBHO NepeaHei

CTOPOHBI CKOH(UTY PUPOBAHHONH MUKPO(QOHHON PELIETKH,
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IIMpPUHA JITIeCTKAa JUarpaMMbl HAMpPaBJIEHHOCTH 3aJaHAa HA OCHOBE PACCTOSIHUS [0
UCTOYHHKA 3BYKa,

OTHOCHUTEJIbHBIE YIJIOBbIE U3MEHEHUs, OOHAPY KEHHbIE THPOCKOMUYECKUM JaTYUKOM B
3aJJaHHOM HAIIPaBJIEHUU JIETIECTKA, 3acTaBisntoT cucreMy SoC 3arpykaTb H3MEHEHHe
napamMeTpoB B mpoueccop DSP, moguduuupys MWHpUHY OUarpaMMbl HAMpPaBJIEHHOCTH B
COOTBETCTBUH ¢ OOHAPY KEHHBIMU YTJIOBBIMU U3MEHEHHUSIMHU, UITH

OTHOCHUTEJIbHbIE HW3MEHEHHUsT HM3MEPEHHOI'O pACCTOSIHMA 1O HCTOYHHKA 3BYKa,
oOHapy KeHHbIE JAaTYUKOM H3MEPEHUs PACCTOSHUS, 3acTaBJSIFOT cucremy SoC 3arpykarth
U3MEHEHHE TMapaMeTpoB, MOAH(DHUIMPYIOINX I[MUPUHY JHATPAMMBI HAMPABICHHOCTH B
COOTBETCTBUH ¢ OOHAPYKEHHBIMUA U3MEHEHUSIMU PACCTOSTHHSI.

Crnenyer OTMETHTh, YTO CHCTEMa MO3BOJISIET MOJIB30BATENO 3a(UKCHPOBATH JIOOYIO
YCTaHOBKY, CIIEJIAHHYIO CUCTEMOH, COTJIACHO TPaBUJIaM, OMPEAENIEHHBIM BBIIIE, a TAK)KE BHOBb
AKTUBH3MPOBATh CHUCTEMY, 4YTOOBI AKTHBHO OOECHEYHUTh ONTHMHU3UPOBAHHBIE JIETIECTKU
AuarpaMMbl HATIPABJIEHHOCTU COTJIACHO BBIOPAHHOMY CLIEHAPUIO. JTH NEHCTBUS MOTYT OBITh
CeTaHbl C MOMOIIBI0 CPENCTBA OOHAPYIKEHHS JKECTOB HJIM MOCPEICTBOM HMOIKIIOUEHHOTO

MOOMITBHOTO TenedoHa.



-1-

DOOPMVIJIA NU30BPETEHUA

1. CnyxoBoii anmnapar, HHTETpUPYEMBIH B OMpPaBy OYKOB, COAEPIKAIIYIO MO MEHbIIEH
Mepe OIHY MHUKPO(OHHYIO PELIeTKY Ha MOBEPXHOCTU NepenHeil CTOPOHBI ONpPaBbl OUYKOB,
JAaTYUK HW3MEpPeHHs pPACCTOSHHUA W THPOCKONMYECKHH IaT4MK, MpPU 3TOM LUPPOBOH
curHaybHbIN npoueccop (DSP), koTopbiM yrpaBisieT KOHQUTYPUPOBAHHAS CUCTEMA Ha YUIIE
(SoC), obOecrneunBaer (QopMmHUpoBaHHE 1O MEHBIIEH Mepe JIeMecTKa JuarpaMMbl
HAIPaBJIEHHOCTH, 3aBHCSAIIETO OT COOTBETCTBYIOLINX BbIXOJHBIX CUTHAJIOB IATYUKOB,

NPU 5TOM HaIpaBJIeHHE JIETIECTKA AUArPAMMbl HANPABJICHHOCTH Ha MUCTOYHHUK 3BYKa
3a[1aeTCsl OTHOCUTENIbHO CKOH(PHUTYPUPOBAHHON MUKPO(OHHOH perneTky,

IIMPHHA JICTIECTKA JHAarpaMMbl HANPABIEHHOCTH 33/1a€TCSI HA OCHOBE PACCTOSHHSI JI0
HCTOYHHUKA 3BYKa,

OTHOCHTEJIbHBIE YTJIOBbIE U3MEHEHUs, OOHAPY KEHHbIE THPOCKOMUYECKUM JaTYNKOM B
3aJaHHOM HAIPaBJICHUH JIETIECTKA JIy4a, 3acTaBJsilOT cucremy SoC 3arpykaTh W3MEHEHHE
napameTpoB B rmpoueccop DSP, u3MeHss WMupHUHY [AuMarpaMmbl HaIlpaBIeHHOCTH B
COOTBETCTBUH C OOHAPY>KEHHBIMH YTIIOBBIMU H3MEHEHUSIMH, UITH

OTHOCUTENIbHBIE W3MEHEHUS H3MEPEHHOrO0 pAacCTOSHHUS A0 HWCTOYHHMKA 3BYKa,
OOHapy>KeHHblE ITaTYMKOM H3MEPEHUs PACCTOSHUS, 3acTaBisioT cucreMy SoC 3arpyskarb
U3MEHEHHE MapaMeTpoB, MOJU(PHUUMPYIOLINX [IUPUHY JUArpamMMbl HAIpPaBICHHOCTH B
COOTBETCTBUM YBEJIWYEHHEM WM YMEHBLIEHUEM pa3Mepa MCTOYHHUKA 3ByKa B IEPCIIEKTHBE,

KOoraa pacCTosdHUE 10 UCTOYHUKA 3BYKa U3MEHACTCA.

2. CnyxoBoii ammapaT mo 1.1, B KOTOPOM HampaBieHHe JernecTka Iuarpammbl
HAIPABJICHHOCTH YCTAHABJIMBAETCS IOJB30BATENEM, KOrZla OH CMOTPUT B HAIpPaBJICHUU

HNCTOYHHKA 3BYKaA, MPECACTABIIAOIICTIO UHTCPEC AJIA IIOJIB30BaTECIIA.

3. CnyxoBoii anmapar mo 1.1, B KOTOpOM CKOH(UTI'YPUPOBAHHBINA CIyXOBOW armapar
MOAU(HUIMpPYET INHPHHY 33aJaHHOTO JIETIeCTKA IUarpaMMbl HANpPaBJIEHHOCTH, MepeMeriast
OIHY W3 COOTBETCTBYIOIIMX OOKOBBIX KPHBBIX JIETIECTKA JUArpaMMbl HAINPABIEHHOCTH B
HanpaBJ€HUH, CBA3aHHOM C [E€PBbIM H3MEHEHHEM OpHEHTAllud OMNpaBbl  OYKOB,

O6H21py>KeHHbIM THPOCKOMUYICCKUM JATUUKOM.



S0

4. CnyxoBoii anmapar 1o m.3, B KOTOPOM CKOH(UI'YpUPOBAaHHBIA CIyXOBOW armapar
MoAUpUUMPYET INUPUHY JIeTecTKa OOpaTHO K  IIMPUHE JIENECTKa  JTUarpaMMbl
HANpaBJIEHHOCTH, 33JaHHON MEepBOHAYAJIbHO 10 OOHAPYXKEHHsI IMEpPBOr0 HM3MEHEHUs
OpPHMEHTALMH ONPaBbl OYKOB, KOrna OOHAPYKEHO BTOPOE H3MEHEHHE OPHEHTALIUU OINPAaBbI

OYKOB, MPOTHBOIOJIOKHOE MIEPBOMY OOHAPYKEHHOMY M3MEHEHHIO.

5. CnyxoBoii ammapar mo m.l, B KOTOPOM COOTBETCTBYIOINUE OOHAPYKEHHbIE
OTHOCHUTEJIbHBIE U3MEHEHHUSI PACCTOSIHUSL KOPPENUPYIOT C YBEIMYSHHEM WJIM YMEHBIICHUEM, B

NEePCIEeKTHBE, pa3Mepa KOHTYpa HCTOUYHHKA 3ByKa, K KOTOPOMY OOpaleHa ornpaBa O4KOB.

6. CnyxoBoii anmapar mo 1.1, B KOTOpOM CKOH(QUTIYPUPOBAHHBIN CIIYXOBOW armapar
perymupyerT KO3(pQULUHUEHT YCUJICHHsS 1O MEHbIIEH Mepe ONHOro MUKpPO(OHA, MpPU 3TOM
peryanpoBka ko3¢ UILHEeHTa YCUIICHUS] BBEPX WM BHU3 MPONOPLHUOHAIBHA YBEINYCHUIO I

YMEHBIICHUIO U3MECPEHHOTO PACCTOAHUA OO0 UICTOYHHUKA 3BYyKaA.

7. CnyxoBoii anmapar 1o 1.1, B KOTOpOM CKOH(UTI'YPUPOBAHHBIN CIYXOBOM ammapar,
UCIIONIb3Yysl 3BYK M3 MCTOYHMKA 3BYKa, HA KOTOPBIN YKa3bIBAE€T JUarpamMma HalpaBJI€HHOCTH,
BBIYHUCIISIET BEPOSITHOCTh TOTO, YTO MCTOYHHUK 3BYyKa INPENCTaBJIsAET COOON pasroBop JHOAEH,

IyM ABUTATEIIS, TOE€3Aa NI UCTOYHUK 3BYyKa APYroro Tulia.

8. CnyxoBoil anmapar mo 1.1, B KOTOpOM OIlpaBa OYKOB COAEP>KUT BHUIEOKAMEpY,

YCTaHOBJIEHHYIO ME€pe] OMPaBOil OYKOB.

9. CnyxoBol ammapar mo 1.8, B KOTOPOM CKOH(pUTI'YPUPOBAHHBII BCTPOCHHBIH
BUJICOTPOLIECCOP, CBS3aHHBII C BUACOKAMEPOH, U3MEPSIET BEPTHKAJIBHYIO U TOPU30HTAIBHYIO
BBICOTY KOHTYpa MCTOYHHUKA 3BYKa, KOTOPBIH OOHAPYKMUJ BHIEOMPOLIECCOP B HANPABICHUHU
nepel ONmpaBOM OYKOB, NMPH 3TOM BEPTUKAIbHAS WJIM TOPHU3OHTAJIbHAS BBICOTA MCTOYHHUKA

3BYKa UCIIOJIB3YETCA NI 3aJaHUA HIUPUHBI JICTICCTKA AUarpaMMbl HAIMPABJICHHOCTH.

10. CnyxoBo# ammapar mo 1.9, B KOTOPOM CKOH(UIYPUPOBAHHBII BCTPOEHHBIN
BHJICOIIPOLIECCOp OOHApPYy>XHBAaeT KOHTYP UEJIOBEYECKOTO JIMIA, PACHOJOXKEHHOTO B IIOJE
3peHusi, TOJbKO €CNIU H300pakeHHe KOHTypa COAEP:KUT MO MEHbIIeHl Mepe 1Ba OOBEKTa,

UIEHTU(QULMPOBAHHBIX KaK IJ1a3a YEJIOBEKa.



11. CnyxoBoii anmmapat no m.9, B KOTOPOM BHAEOMPOLIECCOP CKOHDUTYpUPOBaH ISt
UIEHTU()UKALUN HECKOJBKUX YEeJIOBEUECKUX JIUL], PACIIONIOKEHHBIX B IOJIE 3PEHUsT KaMepbl,
npu ostoM cucreMa SoC  ¢opmupyer JIemecTOK ~AMarpaMMbl  HAIpPaBJIEHHOCTH,

HeperbIBaIOH.II/Iﬁ YKa3aHHBIC Y€JIOBCUECCKUEC JINLA, KOTOPbIC I/IHCHTI/I(i)I/ILII/IpOBaHbI.

12. CnyxoBo#i ammapar mo 1.10, B KOTOPOM CKOH()HMIYPHPOBAHHBIA CIIyXOBOH
amnmapara BBINOJHAECT (POPMHUPOBAHHE AMArPAMMbl HAMpPABJICHHOCTH, TOJIBKO €CJIH B
OOHapy’KEHHOM KOHTYPE YeJIOBEYECKOTr0 JINLA HIESHTH(PHLIHNPOBAHBI 1B YEJIOBEUECKUX IJ1a3a,
U HU3MEPEeHHOE DPACCTOSIHME OO OOHAPYKEHHOTO YeJOBEUECKOrO JIMIA MEHBINE 3aJaHHOTO

PacCTOSHUSI.

13. CayxoBoil ammapar mo m.l, B KOTOPOM YKa3aHHOE MHOXECTBO MHKPO(OHOB
npeacTasisieT coboit mudpoBbie BCceHANpaBIeHHbIE MUKPO(DOHBL, U

NepBbIi HA0OpP M3 MHOXKECTBA LU(PPOBBIX BCEHANPABICHHBIX MUKPO(OHOB BBIITOJIHEH
Kak JIMHeHHast MUKPO(OHHAs pelLIeTKa Ha IepeIHell YacTH ONpaBbl OYKOB, W/WIN

BTOpOW HaOOp M3 MHOKECTBA LU(PPOBBIX BCEHANPABIEHHBIX MUKPO(GOHOB BBIITOJIHEH
Kak JIMHeHHass MUKpO(OHHAs pelleTKa Ha IPaBoi CTOPOHE ONpaBbl OYKOB, W/WIH

TpeThii Habop M3 MHOXKECTBA LM(POBBIX BCEHANPABIEHHBIX MUKPO(QOHOB BBINOJIHEH
KakK JIMHelHast MUKPO(OHHAs pelueTka Ha JeBOH CTOPOHE ONpPaBbl OYKOB,

NpU  5TOM CJIYXOBOM ammapaT CKOH(UIYPUPOBaH Tak, YTOOBl 00eCrednuTh
(opMHUpOBaHUE OHArpPaMMBbl HATIPABICHHOCTH HA OCHOBE COOTBETCTBYIOIIMX MHKPO(OHHBIX
pewmerok, cHOpMUPOBaHHBIX MEPBBIM HAOOPOM BCEHAIPABICHHBIX MHKPO(GOHOB, W/WIH
BTOPbIM  HaOOpPOM  BCEHANpaBJIEHHBIX  MHUKPOQOHOB, W/WIM  TpeTbUM  HabOpOM
BCEHAIPABJICHHBIX MHUKPO(QOHOB, WM JH000H Apyroil KoMOWHAIMEed BCEHANpaBJIEHHBIX

MHUKPO(OHOB H3 MEPBOT0, BTOPOTO U TPEThero Habopa BCEHAIPABIEHHBIX MUKPO(OHOB.

14. CnyxoBoii ammapar mno 1.13, B KOoTOpoM (POPMHPOBAHHE JAHUATPAMMBI
HAIPaBJIEHHOCTH HAa OCHOBE COOTBETCTBYIOIINX MHUKPO(OHHBIX PEIIETOK M3 MepBOro Habopa
MHUKpPO(OHOB, BTOpPOro Habopa MHUKPOPOHOB U TpeTbero Habopa MUKPOGOHOB 3a7aeTCs

HE3aBUCHMO JIpyT OT Jpyra.
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15. CnyxoBoil ammapar no mn.14, B KOTOpOM IO MeEHbLIEHl Mepe HEKOTOpbIe
MHUKPOQOHBI M3 IO MEHbIIEH Mepe IBYX HaOOPOB MMKPO(OHOB HCIONB3YIOTCSA IS

(bopmMupoBaHUs OJHONW MUKPO(POHHON PELIETKH.

16. CayxoBoii anmapat mo m.13, B KOTOpPOM IepBbIil, BTOpOiH u Tperudl Habop
BCEHAIPABJIEHHBIX MHUKPO(MOHOB BBIMOJHEHbI KaK MHKPO(QOHHBIC PELIETKH MOMEPEYHOro

W3JIYyYEHUS.

17. CnyxoBo#i ammapat mo m.13, B KOTOpOM BCEHAIpaBlieHHbIE MHUKPO(OHBI W3
nepBoro Habopa BCEHANpaBJIEHHBIX MHKPO(POHOB CKOMOMHHPOBaHBI C BBIOPAHHBIM
KOJIMYECTBOM BCEHAIPABJIEHHBIX MUKPO(OHOB M3 BTOPOro Habopa W/wiu TpeTbero Habopa
BCEHAIPABJIEHHBIX MHUKPO(GOHOB, W MHUKPO(OHBI CKOH(PHUIYpPHPOBAaHBI KaK MHKPO(POHHAs

peUIE€TKa OCEBOIro NU3JIyUCHUS.

18. CnyxoBoit annapar no mn.l, B KOTOpOM IO MEHblIEH Mepe OfHa Jy>KKa OMNpaBbl

OYKOB COOCPIKUT AaTUUK O6Hapy}KeHI/I$I JKECTOB.

19. CnyxoBo#i anmapar 1o 1.1, B KoTopoM HabOp 3apaHee pacCYUTAHHBIX JIEECTKOB
AMarpaMMbl HaIrlpaBJIEHHOCTH XpaHuUTcs B cucreMe SoC, um Habop mapaMeTpoB, 3aJaroIluil
COOTBETCTBYIOIIMN JIENECTOK M3 3apaHee PACCUYUTAHHBIX JIETIECTKOB  JUArpaMMBbI
HATNpaBJIEHHOCTH, 3arpyskaercsi B mpoueccop DSP non ympasieHreM CKOH(PUTYPUPOBAHHOM

cucremnl SOC.

20. CayxoBoi ammapar mo 1.9, B KOTOPOM CKOH(UI'YPUPOBAHHBIH BCTPOEHHBIN
BHJIEOIIPOIIeCCOp OOecreunBaeT paclo3HaBaHUE JINI U3 HAOOpa Pa3IMUHBIX JIOJEH HAa OCHOBE
3arpy’kK€HHBIX HM300paKEHUH COOTBETCTBYIOIIMX JIOJEH, IMpH 3TOM CIYXOBOH ammapar
CKOH(UTYpUPOBaH IJIsl mepenayu B OECHpPOBOAHBIE HAYIIHHUKH TOJIOCOBOIO COOOLICHWS,

BKJIFOYAOMIETO UMECHA COOTBETCTBYHOLIHUX PACTIO3HAHHDBIX JIIOJEH.

21. CnyxoBoi#l ammapaT mo m.l1, KOTOpBIH CKOH(PUTYpUpPOBaH IJisi IMepeaadd BO
BCTABJISIEMbIE HAYIIHHUKH 3apaHee 3alFCaHHBIX T'OJIOCOBBIX COOOIISHHH, MPeaOCTaBIISIOIIINX

MH(pOPMALIMIO W/MITH MHCTPYKIMH MTOJIb30BATEIIO OMPABBI OYKOB.
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