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AHHOTANUS

ITpumeHeHHe MUKPO(OHHBIX PELIeTOK [t cOopa peueBoi MHGOpPMALMM MMEEeT 3HAYMTENIbHbIC NMPEUMYIECTBa 10 CPaBHE-
HUIO C CHCTEeMaMH, UCTIONIB3YIOMIMMHU OAUH MUKpodoH. O030p MOCBAIICH CHCTEMaM, HCIOIb3YIOIUM MUKPO(GOHHBIE PEIIeT-
KM JUTS AUCTAHIIMOHHOTO cOopa peueBoil nHpopManuy. Marepuan cTaTbi OCHOBAaH Ha aHAIN3€ IMyONUKanuii o IPUMEHEHUIO
MHUKPO(GOHHBIX PEUIETOK JUIs 3a/iad cOopa pedeBoil nH(opMamuy, a TAKXKe OIBITE Pa3padoTKU U MPAKTHIECKOTO IIPUMEHEHUS
IUTAaHAPHBIX MUKPO(QOHHBIX PEHIeTOK. PacCMOTpEHBI OCHOBHEIE ATAIlbl Pa3BUTHS CHCTEM JUMCTAHIIMOHHOTO cOOpa ayanOWH-
¢dopmanuu. IlepeunciieHbl OCHOBHBIE 00IAaCTH MIPUMEHEHHS MUKPO(QOHHBIX pemeToK. PaccMOTpeHsl 0a30Bble THIIBI MUKPO-
(OHHBIX perIeTok u ux ocodeHnoctd. OCHOBHOM MaTepuai 0030pa MOCBsIeH paboTe ¢ IUIaHAPHBIMU MUKPO(OHHBIMHU pe-
metkamu. [IpoaHanuszupoBaHbl 0COOCHHOCTH PAaOOTHI MUKPO(QOHHBIX PELIETOK B PA3IHMYHOM aKyCTHYECKOM OOCTaHOBKE.
PaccMoTpeHBl OCHOBHBIE COOTHOILIEHUS A pacueTa 0a30BBIX MapaMETPOB 3KBUAMCTAHTHBIX IUIAHApHBIX pemeTok. Ilepe-
YHCIICHBI HEKOTOPbIE METO/Ibl (IIPUBEACH CIIMCOK JINTEPaTyphl) NPOCKTHPOBAHUS HEIKBUANCTAHHBIX PEIIeTOK. [laH nepedeHb
OCHOBHBIX aJTOPUTMOB LU(PPOBOIT 00pabOTKK CUTHAIOB ITUIAHAPHBIX MUKPO(QOHHBIX pemieTok. [IpuBeneH CIuCcoK JIuTepary-
pBI IO anropuTMaM 00pabOTKH B 4acTOTHOH obnactu. [IpuBenen nepedeHs 3apyOeKHBIX KOMIIAHUH, NPEIaralomix CHCTe-
MBI Ha OCHOBE MHKPO(OHHBIX PEIIETOK JUIsl PEelIeHHs IIMPOKOTO Kpyra 3a/ad, CBI3aHHBIX ¢ 00pPa0OTKOI pedeBhIX U ayino-
curranoB. OnmycaHbl HEKOTOPbIE COBPEMEHHBIE CHCTEMBI cOOpa pedeBoi HH(POPMAIMK Ha OCHOBE MUKPO(OHHBIX peleTok. B
3aKJIFOUCHNH NTePEYHCIICHBI IEPCIICKTUBHBIC HAIIPaBIICHHs Pa3BUTHS cHCcTeM cOopa pedeBoi HH(POPMALUK C HCIIOJIb30BaHHEM
MHKPO(GOHHBIX peleTok. Marepuansl 0630pa MOryT ObITh MCIIOJIB30BaHbl NP MPOCKTUPOBAHUN MUKPO(GOHHBIX PELIETOK
JUISL KOHKPETHBIX MPAKTHYECKUX TIPUMEHEHUI.

KiioueBrble cjioBa
MUKPO(OHHBIC PEIICTKH, TEOMETPHs MHKPO(DOHHBIX PEIICTOK, JUarpaMma HampaBiICHHOCTH, aJlTOPHUTMbI 00pabOTKH
CHT'HAJIOB MHUKPO(QOHHBIX PEIIETOK, TUCTAHIMOHHbIN cOOp pedeBoil HHpOpMALHH.

Buarogapnoctn
PaboTa BBINONHEHA TPH TOCYIAPCTBEHHON (DUHAHCOBOHM MOIJEPXKKE BEIylIMX yHHBEpcUTeTOB Poccuiickoii deneparu
(cybeumust 074-U01).

APPLICATION OF MICROPHONE ARRAYS FOR DISTANT SPEECH CAPTURE
M.B. Stolbov® "

#STC-innovations Ltd, Saint Petersburg, 196084, Russian Federation
®ITMO University, Saint Petersburg, 197101, Russian Federation
Corresponding author: stolbov@speechpro.com
Article info
Received 22.04.15, accepted 19.05.15
d0i:10.17586/2226-1494-2015-15-4-661-675
Article in Russian
For citation: Stolbov M.B. Application of microphone arrays for distant speech capture. Scientific and Technical Journal of Information
Technologies, Mechanics and Optics, 2015, vol.15, no. 4, pp. 661-675.
Abstract
Application of microphone arrays and beamforming techniques for speech information collection has significant advantages
compared to systems operating with a single microphone. This paper presents a brief overview of microphone array systems
for collecting distant speech information. The paper is based on an analysis of publications on the use of microphone arrays
for speech information collection tasks, as well as on the author’s experience in the development and practical application of
planar microphone arrays. The paper describes the main stages of the development of systems for remote capture of audio
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information. It provides a review of the main applications of microphone arrays, the basic types of microphone arrays and
their features. The bulk of the paper deals with planar microphone arrays. We analyze the work of microphone arrays in
different acoustic environments. The paper contains the basic equations for calculating the parameters of equidistant planar
microphone arrays. Some methods of designing non-equidistant arrays are also mentioned (a list of references is included).
We also provide a list of basic digital signal processing algorithms for planar microphone arrays, as well as a list of
references on processing algorithms in the frequency domain. The paper includes a list of foreign companies offering systems
based on microphone arrays for a wide range of tasks associated with the processing of speech and audio signals. We
describe some state-of-the-art speech information collection systems based on microphone arrays. Some promising directions
for the development of speech information collection systems using microphone arrays are described in conclusion. The
material of the review is usable in designing of microphone arrays for specific practical applications.

Keywords

microphone arrays, beamforming, array geometry, directivity pattern, digital signal processing algorithms for microphone
arrays, distant speech capture.

Acknowledgements

This work has been partially financially supported by the Government of the Russian Federation (grant 074-U01).

BBenenue

JucranioHHsnii coop peuesoit unpopmanuu (JJCPU) umeeT BakHOE 3HAYEHUE B Cepe TETEKOMMYHHU-
KallMi, TEXHOJIOTUI aBTOMAaTHYECKOTrO Paclo3HaBaHUs peyH, B pabOTe MPaBOOXPAHUTEIbHBIX OPIaHOB U BO MHO-
THX JPYTHX ITPUIOKECHUSX.

Bomnpock! ncronb3oBaHus CPeNCTB JUCTAHIIMOHHOTO cOopa peueBoil HHpOpMaUH TOCTaTOYHO MOAPOOHO
ocBeleHbl B 0630pe [1]. 3HaunTeIbHAS UX YaCTh OCHOBBIBACTCS HA MPHEME 3BYKOBBIX aKyCTHUCCKHX KOJNeOaHHi
MEKpo(oHaMu ¢ nocexyoumM yemrerneM (B 10°-10* pas). Oxnaxo Takue cuctems! (Hamogobue «Kubep-yxa»)
HE CITOCOOHBI B TOPOACKUX YCIIOBHUSIX MPUBECTH K CYIIECTBEHHOMY YBEIMYCHHUIO IUCTAHINI cOOpa pedeBoil HH-
(bopmanun, TOCKOIBKY BMECTe ¢ ycmieHneM pedeBoro curtana (PC) yCmimBaeTcst U IyM OKDYKECHHS, SIBIISTIO-
LIUICST OJHOM U3 OCHOBHBIX NMPHYMH CHI)KEHHS pa300pUYNBOCTH U Ka4eCTBA PEUH.

B THuxoit MecTHOCTH IeiicTBUTENFHO MOXKHO mpuHuMarh PC ¢ paccrosuuit nopsiaka 100 M, ogHako tam
BCTYIAIOT B CHIly Apyrue (Gakropbl (MHOTOIYYEBOE PacIpOCTPAaHEHHE 3BYKa, PACCCHBAHHME BBICOKOYACTOTHBIX
KOMITOHEHT 3BYKa, BETEp U JIp.), YTO TAKXKE OTPAHHYMBACT MUCTAHIMIO MPpUEMa pedeBoit uHpopmarmu [2]. Dtu
OTpaHMYEHUsI B 3HAYMTENILHOM cTeneHu mpeogosieBatorcst B cucremax JICPY Ha ocHOBe MUKPO(OHHBIX PEIIETOK
(MP). MP x0poIiio U3BECTHBI CIIEIMAINCTaM B JaHHON obnacTu. B Hacrosimiee Bpemst Tematrka MP mpencras-
asieT co0oii o0IMpHOE HampapieHHe B 00acTH LU(POBOi 00pabOTKK CHrHANOB. JleTallbHOE OMMCaHKE TIPHH-
LIMITIOB KOHCTPYHPOBAHHS U aITOpUTMOB 00paboTku curHainoB MP mpexacraBieHo B psae (GyHIaMEHTaIbHBIX
pa6ot [3-11].

Hacrosimuit 0630p conep>XuT KpaTKue CBEICHMS 10 OCHOBHBIM aclleKTaM KOHCTPYHPOBAHHMS U IIPHMEHE-
uHust MP B 3amauax JICPU. Marepuansl 0030pa MOTYT IPENCTABIATh HHTEPEC AT HHXKEHEPOB, TpEeroaaBaTesei
U CTY[ICHTOB, HCIIOJIB3YIOIINX METOABI II(POBOH 00pabOTKH ayAHOCHTHAIOB.

OcHoOBHBIE ITANbI PA3BUTHSA CPEACTB AMCTAHIIMOHHOIO c0opa aynnonHpopMannu

CoBpeMeHHbIE ycnexu B o0nactu npumeneHns MP onmpatoTcs Ha pe3ynbTarsl, KOTOPbIE ObLTH JOCTHTHY-
ThI B 00JTaCTH AUCTaHIIMOHHOTO cOopa ayauonHpopmarmu (JICAU) B Teuenne XX Beka.

PaccMmoTpuM Bkpartiie ocHOBHBIE dTarnbl pa3BuTHs cpeacts JJCAU.

[epBble cHCTEMBI AMCTAHIIMOHHOTO MpHeMa ayarouH(popManuu ObuUI pa3zpaboTanbl B Hadane XX Beka.
Hcropuio nucTaHIMOHHOTO cOopa ayTuonMH(OpMAaIMKM BEChMa YCIOBHO MOXKHO Pa3/iesInTh HA TPH dTara. JTall
3apOXKACHUS WIIM «MEXaHHYECKUI» 3Tall, 3Tall aHaJIOr0BOi 00paboTKy U 3Tan HUQpPOBOH 00pabOTKH CUTHAIIOB.

Ha navansrOM 3Tame (B Xofe IEPBOil MUPOBOI BOWHBI) AUCTAHIMOHHBINA [IPHEM 3ByKa OPHMEHSIICS IS
0OHAPyKEHHUsI JIETATEIbHBIX AlAPaTOB M OINPEASICHHS TOIOKCHHS apTIIUIEpHICKuX Garapeii [12]. Dtu metoms
W CPEZCTBAa PA3BHBAIMCH BIUIOTH IO BTOpoH MHMpPOBO# BOWHBI, OCIE KOTOPOH YCTYIIMIM MECTO CpPECTBaM pa-
quonokaruu. Bropeim stamom passutus JJCAW cramm cpenctBa aHamoroBoil oOpaboTku curaaioB. Ha stom
9Tale CTaad NMPUMEHAThCS YCWIUTENM CHUTHAJOB HAIPaBICHHBIX MHKPO(OHOB, MO3BOJIMBIIME HCIIONB30BaTh
cpenctea JICAU mis mucranimonHoro cOopa pedeBoi madopmarmu (JICPU). Beur paspaboran psim cuctem,
JIeTambHBINA 0030p KOTOPBIX JaH B padorax [1, 2]. B 0630pe [1] mpusoautcs undopmanus o BosmoxxHoctu JCPU
C MCIOJIb30BaHUEM HAIpPaBJICHHBIX MUKPO(OHOB Ha aucTaHiusx 10 100 m.

OcHoBubiMu Tuiamu JJICPU Ha BTOpOM 3Tarie CTaJld CUCTEMBI C MapaboIMYeCKUM OTpakaTesieM U Tpyo-
yarsle MUKpo(oHBI. Ha 3TOM ke sTane Obun pazpaborans! nepssie MP, onqHako oHM 00J1a1a OrpaHHuYeHHBIMU
BO3MOXXHOCTSIMH M BeCbMa CIIOXHO#T peanusanueii [13]. Kpome Toro Ha nanHOM 3Tarne ObUTH pa3padoTaHbl OCHO-
BbI 00pa0OTKK CHIHAJIOB aHTEHHBIX pemetok [14-21]. B nanbHe#lieM 3TH WACH MONYYHIH Pa3BUTHE B alro-
puTMax obpabotku curaainos MP.

Hakoren, Tpersum stanom pas3sutus JCPU (naunnas ¢ 90-X rogoB) crano MpUMEHEHHE CPEACTB Ludpo-
Boit 06pabotku curaanos (LIOC).

C pazsutueM LIOC MP cramm npuMeHATHCS A7 peIIeHHsI IIMPOKOTO Kpyra 3ajad, CBI3aHHBIX ¢ 00paboT-
KOM peueBbIX CUTHAJIOB!
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— BbIEJICHHE peun (IIOBBIICHHE Pa300PIUBOCTH) LEIEBOTO IUKTOPA B IIyMaXx;
— JWCTaHIMOHHEIA cOOp pedeBoit nHGopManuy,
— JUCTaHIMOHHOC Paclo3HaBaHUE pedr (HAIpUMep, s TOJI0COBOTO YIIPABICHHS yCTPOICTBAMH);
— JUCTaHIMOHHAS UACHTU(UKAIMS IUKTOPOB,;
— pazaeneHue pedH AUKTOPOB, BBIICIEHHE PEUH LIEIEBOT0 AUKTOPA B FTOJIOCOBOM KOKTEHIE,
—  Ompe/eNieHNe MOJIOKEHUS U TPACCUPOBKA TOJIOKEHHST UCTOYHUKOB 3BYKa,
— aHaJM3 aKyCTHYECKOH AIMHUCCHUU HCTOYHHUKOB 3BYKa;
— CHCTEMBI aBTOMaTHYECKOTO PACIO3HABAHHS PEUN M PEUEBOTO YIIPABIECHHS B aBTOMOOWIIE,
— MH(pOPMALMOHHBIE KHOCKH C PEYEBBIM CEPBHCOM B OOIIECTBEHHBIX MECTaX;
— CIyXOBBIE aInmaparsl.
OTMeTuM OCHOBHEIE 0coOeHHOCTH MP:
— OHH paboTaroT C HU(PPOBHIM 3BYKOM (IHCKPETH3UPOBAHHBIM [0 AMILUTHTYE, BPEMECHH H IIPOCTPAHCTBY);
— B HEX B IU(pOBOIi (opMe BOCIIPOU3BOAATCS OCHOBHBIC METO/BI aHAIOroBOH 06pabotku PC ((poxycupoBka
3ByKa U IIp.);
— B HHUX pealiM30BaHO OOJIBIIOE YHCIIO NPeoOpa30BaHUil CUTHAJIOB, HEJOCTYITHBIX aHAJIOTOBBIM CHCTEMaM.

MOoIIHBIM JTOTIOJHUTEIBHBIM UMITYJICOM K PacIIMpeHuto cdepsl npuMmeHenns MP siBuiiach paspaborka u
cepuiinblii Boiyck mudpoBeix MEMS mukpodornos [22] (B pycckoit Tpanckpunumn MOMC — obiiiee Ha3BaHHE
MHKPORJICKTPOMEXaHUIECKHX CHCTEM).

Bce TexHONOTNMM M3BiIeUeHHs pedeBod mHpopManuu B MP HepaspeiBHO cBsizaHbl ¢ anroputmamu [{OC.
[Mpumenenne 1JOC 3HaunTensHO pacmmpsieT QyHKIMOHAIBHBIE BOZMOKHOCTH CPEIICTB JAUCTAHIIMOHHOTO cOopa
aynnonHpopmanun. B nanpreitmem nmog MP mb1 Oynem noznpasymeBarh Kak caMy CHCTEMY MHKPO(OHOB, Tak H
JITOPUTMBI 00PaOOTKH UX CHTHAJIOB.

OrpanuyeHnst OTHOMHUKPO(OHHBIX CHCTEM

3BYyK, KOTOPBIIl 4EIOBEK CIBIINT B ITyMHOM HJIHM PEBEPOCPUPYIOIIEM OKPYKEHHH, 3HAIUTEIBHO OTIINYa-
€Tcsl OT TOTO JKe 3BYKa, 3aIMCaHHOTO Yepe3 MUKPO(OH U BOCIPOU3BOJMMOTO C IOMOIIBIO aKyCTHUYE€CKON KOJIOH-
KN WJIN HAyHOIHUKOB. 9t10 06’LHCHHCTCH TEM, UTO MbI CJIBIIIUM HpOCTpaHCTBeHHbIﬁ 3BYK, KOTOprﬁ B IIpo1ecce
BOCIIPHSTHS YEJIOBEKOM TO/IBEpraeTcs CIoXHOM 00padoTke. Hapumep, MBI JIeTKo MOXKeM C(OKYCHUpPOBaTh Hallle
BHUMaHHE Ha PEYN OTHOTO YEJIOBEKa U «HE 3aMedaTh» peun apyroro. I1pu 3amicn u BOCIIpOM3BEIECHUH 3BYKa €T0
MIPOCTPAHCTBEHHbIE CBOKWCTBA BO MHOI'OM YTPauMBAIOTCSI, M MBI TAKXKe yTPaunBaeM BO3MOXXHOCTh OCYLIECTBIISTH
CJIOXHYIO (DPMIIBTpaLUIO ayJHOHH(OPMAIHH.

C apyro#i CTOPOHBI, B IyMHOM U peBepOCpUPYIOIIEM ITOMEIICHNHN pedb APYTHX JIOACH TaKXKe yTPaunBaeT
pa3bopurBOCTb. J[axke 4eToBEUECKHI CIIyX HE MO3BOJIICT BOCHPHHMMATH Pa300pUMBYIO PEdb B 3alTyMIICHHOM
MIOMEIICHUH WIIM Ha TOPOJCKON YITUIIE Ha paccTossHUN Oosee 5 M.

Takum 00pa3oM, BO3HMKaeT 3afada oOpaboTku aynuouHpopmaimu, obecriedrBarolieii pa3dopuuBOCTb
peun, Ha TUCTAHIUAX, Ha KOTOPBIX peub HE SIBISIETCS pa300pUMBOH.

OneHuM NpUOIM3HUTENBHYIO JAIBHOCTh Pa300pPUMBOIl peun B pasiUUYHBIX YCIOBHSAX, UCXOIS U3 M3BECT-
HBIX OI[CHOK IPOMKOCTH HOPMaJbHO# peun u ypoBHs mryMa [23]. B kauecTBe MpuUONH3UTEIBHOTO KPUTEPHS pa3-
6opurBocTH npuMeM oTHoIIeHne curaan/mym (OCIL):

OCI (nBb) = HopmaneHas peus (nb) — Illym (ab).

B kauecTBe OIEHKHM NpeeNbHON NadbHOCTH pa300pUMBOI pedr MOXKHO paccMaTpHuBaTh AMCTAHIMIO, HA
KOTOPO# ypoBeHb IryMa mnpessiiiaeT yposenb PC, T.e. OCII menee O nb.

[Ipn yBenmMueHNN IUCTAHINKA MEXIy AUKTOPOM W MUKPO(OHOM B 2 pa3a MHTCHCUBHOCTD 3ByKa pPedd Ha
MHKpO]OHE yMeHbIIaeTcst Ha 6 b, B TO BpeMs KaKk ypOBEHb OKPYKAIOIIMX IITyMOB OCTA€TCsI MOCTOSHHBIM. [1pn
stoM OCIII cHmXaeTcs 10 KPUTHUYSCKUX s pa30opuuBocTH peun 3HaueHuit 0-6 nb.

B Ta6n. 1 npusenens! ouenku 3HadeHnit OCLL 11t HOpMaIbHOH pedn B pa3MuHBIX yCIOBHAX. B OCHOBY
pacdera IMOJIOKEHBI OLICHKH HHTCHCHBHOCTH HOpManbHOI peun (mopsika 90 nb) mpu tenedoHHOM pasroBope
(MukpothoH TenedoHa Ha PaCCTOSHUU 3 CM) WIIM UHTEHCHBHOCTH HOPMaTbHO# pedn 60 1b Ha paccTOSHHEM OKOJIO
1 m. [IpuBeieHHBIE OLICHKH MTOKA3bIBAIOT, YTO KpUTHUECKHE Tl pazdopunBocTH peurt 3HadeHus: OCIL nocruraror-
Csl Jake B TUXOM YUPEXKICHHH Ha paccTosiHUX 8—19 M, a B IlyMHOM OKpY)KeHHH — Ha paccTosiHusX Beero 0,5-1 m.

I/IHOF[la JJId YBECJIMYCHHUA JUCTAHIIUM BOCIIPUATUA PEUYU MPCAJIararorTCsa TaK Ha3bIBAEMBIC «YCHIIUTCIN
ciryxa», 00ecleurBaloIIre 3a CUET YCWJICHHS CHI'Hajla MHUKPO(OHA YBEIHMUYCHHE NAIBHOCTH CIIBIIIMMOCTH BO
MHOT0 pa3 — Kak yTBepxuaercs, 10 50 m. OnHaxo B peanbsHOcTH BMecTe ¢ PC BO CTONIBKO ke pa3 OyayT ycHIIeHbBI
yM U peBepOepaius (HeCcTalMOHAPHBIA LIyM, TOpoKkaaeMblii caMmuM PC B pe3ysbTaTte MHOTOKPATHBIX MEpeoT-
paXeHU B 3aMKHYTBIX MOMEIICHHsX). TakuM 00pa3oM, MPaKTHYCCKH HUKAKOTO YBEIMYCHHS JAIBHOCTH pas-
00OpYMBOTO BOCIPHSTHS peUH He Tpou3oiaeT. TeM He MeHee, Uil 00ecTiedeHNsT HOPMaJIbHON CIBIIIMMOCTH PEUH
Ha OOJNBIINX JUCTAHIMIX HEOOXOMUMO, YTOOB e€e MHTeHCUBHOCTE cocTapisuia 40—60 nb. [l aToro 3ByK ¢ 1uc-
taHuuit 6onee 10 M H0JKeH OBITH YCHUIICH.

OxHUM U3 TyTeH MPeonoICHU OTPAHUICHUH BOCIIPUATHS pa300PUMBON PEUH B PA3INIHON ITyMOBO# 00-
CTaHOBKe SIBJSIETCS MpuMeHeHne MP, KoTopoe AaeT cliefyomnye NpenMyIecTsa:
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— HANpaBJICHHOCTH ITPHUEMA 3BYKa;

— TOJaBJCHUE IIYMOB TOUEYHBIX HCTOUHHKOB;

— TIOfaBJICHHE HECTAI[MOHAPHBIX IITYMOB OKPYKEHHS U HocTmkeHne 60mpmmx OCII,

— dacTHYHOE ocnabienue perepbepanny,

— BO3MOXKHOCTB IPOCTPAHCTBEHHOM JIOKAJTU3AIMK 3ByKa IEJIEBOTO AUKTOPA;

— BO3MOXHOCTH COHpOBO)K}IeHI/IH JBHUTAOIICTOCS I[PIKTOpa U TOYCYHOI'O UCTOYHHUKA myMa.

JluctaHIus TUKTOP-MHKPOQOH, M

Yenosis 0,03 1012 [ 050 | 1 2 ] 4 | 8 [16 | 32
CobonHoe mpoctpancTso, 0 1b 90 78 66 60 54 48 42 36 30
Tuxasg mectHocTh, 20 1b 70 58 46 40 34 28 22 16 10
Tuxast kBapTupa, 35 1b 55 43 31 25 19 13 7 1 -5
Tuxoe yupexaenue, 40 n1b 50 38 26 20 14 6 2 -4
[IlymHO€ yupexaeHue, yauua co B R
CpeIHHMM ABIDKeHHEM, 55 nb 35 23 11 5 1 7
Vnna ¢ ”HTEHCUBHBIM
nswkenueM, (60-80) nb 30 18 6 0 6

Tabnuua 1. 3aBucumoctb OCLL (ob) ons HopManbHOM peyn OT AUCTaHLUKM Mexay AUKTOPOM U MUKPOGOHOM
1 YPOBHSI LLYMa OKPY>KEHMS]

IpuHumner padoTel MUKPOGOHHBIX peleToK

B ciyuae, xorga MukpogoHsl, coctasistone MP, sBIstoTCS BceHalpaBIeHHbIMU, OHU IIPUHUMAIOT 3BY-
KU CO BCeX HarpasiieHui. MHaye roBopsi, 3JIEKTPUYECKUE CUIHANBI KaKI0T0 U3 MUKPO(OHOB cojepkar HHQOp-
MaluIo 0 3ByKax, MPUXOSIINX CO BceX HarpasieHuid. CoBMecTHas 00paboTKa 3THX CUIHAJIOB ITO3BOJISET BbjIe-
JIUTH 3BYK, IPUXOMAAIINN C 3alaHHOTO HAIIPaBJIECHUSI.

CI/IFI% .
MOMEXH Endfire

—> QR © gomon

ITone3nsrit CUrHan
CHI'HAI bnox obpabotkn [

Broadside
Curnan D .
TMIOMEXH BrixoaHoit
O~ CUTHAI
——_

& o

TTone3usnrii

CHUTHAII D—'

Puc. 1. basoBble CTPYKTYpbl MUKPOOHHbIX pPeLlETOK

Biok 06paboTku

Crpykrypa MP JocTronncrBa Henocrarku
Ilnockas reomeTpust Mesnbiiee noaasnenue BHe ocu MP
Broadside Ipocras peamu3arys Mastoe paccTosiHIe MEKIY MUKPO(DOHAMH M UX GOJIBIIIOE
00paboTku YHCII0 HEOOXOAUMO, YTOOBI IPEIOTBPATUTD
Bo3moxHOCTB ynpaBieHUs IIPOCTPAHCTBEHHYIO YTECUKY
HanpaBJICHUEM JTydya
Jlyuee ropaBsieHne BHE Hemnockast (06beMHast) reoMeTpust
Endfire ocn Bonee cnoxnas oOpaboTka
MeHnbLinit o6mmi pasmep [MomapneHue MOJIE3HOTO CUTHANA B THATIa30HE HU3KUX
gactot (HY)
Hanpasnenue Ha HCTOYHHK MTOJIE3HOTO CUTHANA JOJDKHO
coBMnagarb ¢ ocbto MP
JUitst IByMEpPHBIX PEIIeTOK (JOPMUPOBAHHKE JTyda
BO3MOYKHO TOJIBKO B TOPH30HTAIEHOM HAIPABICHAN
(TUTOCKOCTH PEIIETKH)

Tabnuua 2. CpaBHuTENbLHBLIE XapakTepucTukm Broadside n Endfire MMKpOodOHHbIX pelueTok
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Taxum o6pazom, MP BIeNnSIOT 3BYK € 3aJaHHOTO HAIpaBIICHUs HE caMH IO cede, a myTeM oOpaboTku
MHOTOKaHaJIbHOTO CHTHaja. 3a/aBasi pa3Hble MapaMeTpsl 00pabOTKH MHOTOKaHaIbHOTO curaana MP wmn MHO-
rOKaHaJbHOH ()OHOTPaMMBI, MOKHO BBIJEIIHTH PEYb Pa3HBIX JUKTOPOB.

BasoBeiMu cTpykTypamu MP sBrsttorcst Tak HaseiBaeMmble Broadside array u Endfire array [8]. B onpene-
JICHHOM CMBICJIE 3TO aHAJIOTH MUKPO(OHOB ¢ MapaboIHYecKMMH OTPaKaTelIssMH U TPyO4aThIX HalpaBiIeHHBIX
MHKPO(QOHOB. CxeMbl 3THX 6a30BbIX CTPYKTYp MP mpencrasnenst Ha puc. 1 [24], a ux cpaBHUTEIbHBIC XapaKTe-
pHUCTHKH — B Tabu. 2 [25].

Ipu pemrennn 3ana4 JJCPU naunbomnbuiee pacnpoctpanenue nonyuwin MP tuna Broadside, nostomy nanee
Oynem paccmarpuBath MP HMEHHO 3TOH CTPYKTYypHI.

Ba3zosbrii aJaropuTm q)OpMHpOBaHHH AuarpamMmmbl HANMPABJICHHOCTH

OOGBIYHO CHrHAJ IIENEBOr0 THKTOpPa MPEIMONAraeTcsi KOTEPEeHTHBIM CHIHAJIOM TOYECYHOTO HCTOYHHKA,
IIYM XK€ B 3aBUCHMOCTH OT aKyCTHYECKOH 0OCTAHOBKH IPEICTABISIET CO00M aKyCTHIECKOE MONe ¢ PA3IHIHBIMU
[POCTPAaHCTBEHHBIMH XapPaKTEPUCTHKAMH.

J1st BBLIETICHMS IPSIMOTO 3ByKa AMKTOpA OCHOBHBIM (0a30BBIM) alroputMoM o6paboTku curnanoB MP
SIBIIICTCSI aJITOPUTM (POPMHUPOBaHUs AuarpamMmbl HanpasieHHoctr (JJH), BappaHTaMi KOTOPOTO SIBIISIOTCS aliro-
puTMBI 3amepkki U cymmupoBanus (delay-and-sum) u ¢umsrpanmu u cymmuposanus (filter-and-sum) [8].
CMBICTT 3THX AJITOPUTMOB COCTOMUT B TOM, YTO CHUTHAJBI MHKPO(GOHOB CKJIAIBIBAIOTCS C PA3HBIMHU 3aCPiKKaMH
(pasubiM caBuroMm (as), BHIpABHUBAS ISl KaXKIOW 4acTOTHI (ha3bl CUTHAJIOB, MPHUXOASAIIMX C BHIOPAaHHOTO Ha-
npasneHus (IeneBoro quktopa). B atom ciyuae anroput™ (opmupoBanus JIH mo3BoiseT yCUIUTh CHTHAIBI,
(bopMHUpyeMbIe 3ByKOM, IIPUXOISIINAM C BEIOPAaHHOTO HAIpPAaBICHHS, T.e. OCYLIECTBISIET CBOCOOPasHyI0 «(POKyCH-
POBKy» 3ByKOB. CIBHUT (ha3 MOXKET 3a/1aBaThCsl HCXOS U3 MPUOIIKCHUS <IaIBHETO OIS, U KOTOPOTO 3BYKO-
BBIC BOJIHBI CUMTAIOTCS [UIOCKHMH, HITH «OIMKHETO TIOJIS1», ISl KOTOPOTO 3BYKOBBIC BOJHBI CUMTAIOTCS chepuye-
ckuMH. JIMCTaHIUH, U KOTOPBIX CIPABEAINBO NMPUOIMKCHHE AAIBHETO MO, ONMPEACISOTCS CICAYIOIIM
cooTtHolexueM [26]:

L>2D%/x,

rae L — nucranmms ot ucrounnka 10 MP; D — nmunelinstit pasmep (ameptypa) MP; A — utnHa 3ByKOBO#H BOJIHBI.

Hanpumep, amst MUKpodOHHOIT perieTku ¢ aneptypoit 35 cMm Ha yactote 5 k[ 11 npHOIKeHHE «IaIbHETo
HoJIs» BBIONHsETC i auctanmuid L > 3,6 M. C yBenuueHuem anepTypbl MP aucTaHIus «IaJIbHEro IMOJS»
OBICTPO YBEITMYHUBACTCS.

OcHOBHOI1 xapakTepucTukoii MP siBisieTcsi nuarpamMma HalpaBIEHHOCTH, ONMCBIBAIOIIAs M30MpaTelib-
HocTh MP. Jlnarpamma HanpaBlIeHHOCTH OTOOpaXKaeT MPOCTPAHCTBEHHYIO 3aBUCUMOCTbD NepeaTouHoN (GpyHKIUH
MP, opueHTHpPOBaHHOHW B 33JJaHHOM HaIlpaBJICHHWH, OT YIVIa IPUXO/la CHTHAJA U, TAaKUM 00pa3oM, XapaKTepHu3yeT
3¢ QEKTUBHOCTD BBIACIECHHS CUTHAJA OT LIEJIEBOTO JUKTOPa U MOAABICHHS KOTEPEHTHBIX TOMEX.

JluarpamMmMa HampaBJICHHOCTH 3aBHCHUT OT reoMeTpuu MP (urcna u pacnonokeHus MUKPO(GOHOB) U ajro-
puUTMOB 00pabOTKHM curHaNoB. Ha puc. 2 mpuBeneHsl quarpaMMbl HAlIPaBICHHOCTH 3KBHIMCTAaHTHON BOCHMH-
SIIEMEHTHOM MUKPO(GOHHOM JTMHEHWKH ¢ aneprypoit 35 cM, d =5 oM ms 1, 2, 4 x['u. TopusoHTaIbHAS OCh — YTOI
MIPHUXO/1a aKyCTHYECKOTO CUI'HAJA, BEPTUKAIbHAS — aMIUINTYAA BBIXOAHOTO curHasa MP B mmHeliHOM MacmiTabe.

Haunb6osee BaxusiMu napamerpamu JIH SIBIsSFOTCS mIHMpHHA OCHOBHOTO Jieriectka (1o yposHio 3 1B), ypo-
BeHb OOKOBBIX JICTICCTKOB (10O OTHOILICHHE YPOBHS OCHOBHOTO JICHIECTKA K YPOBHIO OOKOBBIX) M TaK Ha3bIBac-
MBI «HHJIEKC HANpPaBICHHOCTI», XapaKTepH3yIOMUi crocoOHOCTh MP mOmaBiIsATh M30TPONHBIA IIyM, MPHUXO-
JUIIMIA co Bcex HampaBieHud. Bcee xapakrepuctiku MP 3aBucst ot wactorsl curHana. B Tabn. 3 npuBeneHa
3aBUCUMOCTDb HIMPUHBI OCHOBHOI'O JICTICCTKA OT YaCTOThI CUI'HaJIa JJId BOCBMHUDAJIEMEHTHOM MHKpO(I)OHHOﬂ JIn-
Heiiku (8%5 cm).

YacroTa, KI'11 1kl 2kl 3kl 4 kI 5kl 6 k' 8 k'
[TupuHa yya +30° +15° +10° +7,5° +6° +5° +3,75°

Tabnuua 3. LnprHa ocHoBHOro nenectka [JH B 3aBUCMMOCTM OT 4acToTbl

Vrosoe paspemeniie MP 3aBucur ot aneptyps! (JTHEHHOTO pasmepa MP), AauHBI BOTHBI (4aCTOTHI CHT-
HaJia), HalpaBJIeHus JIyda U MeToaa o0paboTku curHana [27]:

Aa.=1,22/cos(a)xA/D,
rae Ao — yrioBoe paspemenne (paauan); D — amepTypa; A — [UTHHA BOJIHBI; OL — YTOJI HATIPABJICHHUS JTyYa.

[TpocTpaHCTBEHHOE pa3pelleHUe B IUIOCKOCTH, HAXOMAIICHCS Ha JUCTaHUUK L, 3aBUCUT OT yriia Hampas-
JIeHus TyJa ciemyromum oopazom [3]:

AX (o) =1,22/cos* () x AL/D .

B tabi. 4 npuBeseHa 3aBUCHMOCTB NMPOCTPAHCTBEHHOIO PAa3pEeIICHHUs OT yIVIa HAIPABJICHUS JTyda U Jac-

TOTBI CHTHajIa Jjs 8-31eMeHTHON MUKPO(hOHHOM ruHelKn (8X5 ¢cM) B IUNIOCKOCTH, PacIioioKEHHON HA PacCcTos-
Hud 10 M OT THHEHKH.
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Puc. 2. 3aBucMMocCTb Anarpammbl HanpaeBneHHOCTU SKBUANCTAHTHON BOCbMN3NIEMEHTHON MUKPOGOHHOM
nuHenkn c aneptypoin 35 cm, d =5 cM oT yacToTbl curHana: 1 -1 kly, 2 -2 k', 3 -4 kly,

Yros HanpaBJIeHUs Jlyda
Hacrora, kT 0° 10° 20° 30° 40° 50° 60°
1 11,86 12,10 14,23 18,26 26,33 44,59 94,88
2 5,93 6,05 7,11 9,13 13,16 22,39 47,44
4 2,97 3,02 3,56 4,56 6,58 11,15 23,72
6 1,98 2,02 2,37 3,04 4,39 7,43 15,81

Tabnuua 4. MNMpocTpaHCcTBEHHOE pa3peLueHne (M) B NIIOCKOCTU, PACNONOXeHHOM
Ha paccTtosHUN 10 M OT MUKPOHOHHON NINHENKN

KommenTtapuu:

— ommbka Hanenuanus 6° (Sin 6° = 0,104) coorBercTByeT Ha auctanuuu 10 M omubke monoxerus 1,04 m,
YTO MOXXET IPHBECTH K MCKXECHHUIO B CHTHAJIC MHUKPO(OHHON pPEIISTKH 3ByKa pedyH JUKTOpa Ha 4acToTax
Boimie 5 kI,

— B auanaszoHe HY mmpuna [{H namuoro Oomplne, 4eM Ha BBICOKMX YacTOTax, YTO IMPHBOJHUT K HCKAKECHHIO
CIIEKTPA PEUCBBIX CUT'HAJIOB,;

— CYUIECTBEHHOE YXYAUICHUE IPOCTPAHCTBEHHOTO PA3PELICHHUs] C POCTOM yIJia HAIPABICHUS JTyda IPUBOIUT K
HEOOXOAMMOCTH OTpaHUYEHHsI pabouero Anana3zoHa yrios ryya MP.

Pa6ora MmukpodoHHOI pelieTKH B pPa3JINYHOI IIyMOBOI aKyCTHYeCKOH 00CTAHOBKE

Db dexTrBHOCTH TOAaBIeHMs iyMa B MP 3aBHCHT OT THIA NIyMOBOW aKyCTHYECKOW 0OCTaHOBKH (aKy-
CTHYECKOTO MOJIS [ITyMa).

Jnst MP pa3nuuaioT Tpy OCHOBHBIX THIIa NIYMOBBIX IIOJIeH — KOTEpEHTHOE, M30TpOonHoe U auddy3Hoe
[26]. DTu nonst MOrYT OBITH OXapaKTEPU30BAHBI CTEIICHBIO MPOCTPAHCTBEHHOM KOppessauuy uryma. Mepoii mpo-

2
CTPAHCTBEHHON KOPPEJSIIIMU SIBISICTCS (PYHKLUS KOT€PEHTHOCTH 0£|Fij(f)| <1, xoTopas ompexaenseTcs Kak
HOPMAJIM30BaHHas MePa KPOCC-CIIEKTPOB CUTHAJIOB B TOYKAX MPOCTPAHCTBA | H j:
2
Ty (1) =S, (f)/]S (1S, (F)],
rne S;(f) —xpocc-cnexrp curnanos B Toukax i u j; f —wuacrora curnanos.

Paccmorpum paboty MP B 3THX pa3HBIX yCIOBHSX.
Kozepenmmnoe none hpopmupyercsi TO4€4HBIMI HCTOYHUKAMH B CBOOOJHOM IPOCTPAHCTBE MM MOMELICHUIX
C HU3KUM YpOBHEM peBepOeparii. DTOMY IOJII0 COOTBETCTBYET HPSAMOI 3ByK OT MCTOUYHHMKOB IIOMEX K MHKpO-

2
donram. Ilpu sTom |Fij(f)| ~1. B 3TuxX ycnoBusiX NOMexH, Npuxojsie Ha MP ¢ HanpaBleHUi, OTIUYHBIX OT

HAIMpaBJICHHUs HA JUKTOPA, OCJIAOJSIIOTCS MOTOMY, YTO JUIsS Pa3HbIX MUKPO(OHOB OHHU CKJIAIbIBAlOTCS HE B (hase.
Tem He MeHee, YacTh IOMeX Iomajgaet Ha Beixox MP depes OokoBble sieniecTku JIH wim yepes mupoKuii 0CHOB-
Hoii nerectok B oomactu HU. Takum 00pa3zoM, 3 QeKTUBHOCTE MOJaBICHHUS KOTEPEHTHBIX ITOMEX B 3TOM Cllydae
HeNnKoM onpenensiercs popmoit TH.

Hexozepenmnoe uzomponnoe noje GOpMHPYETCS pacIpee/ieHHBIMI HEKOTePEHTHBIMH HCTOYHUKAMHU
aKyCTHYECKOTO ITyMa W MpPEICTaBIsAeT co00il He3aBUCHMEBIC IJS Pa3HBIX MHKPO(OHOB curHamibl. [Ipm 3TOoM
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2
|Fij(f)| ~0. HexorepeHTHOE HM30TPOMHOE MOJIE TAKXKE HA3BIBAIOT MPOCTPAHCTBEHHBIM OENBIM IIYMOM, IO-

CKOJIBKY OHO HE 3aBHCHUT OT OPHEHTAIINK MUKPO(POHHOHN PEIIETKH (T.€. SBISETCSI H30TPOITHBIM).

B ycnoBusax HEKOTepeHTHOT0 U30TPONHOrOo nosist MP TepsieT cBoiicTBa HANIPaBIE€HHOCTH MO OTHOILIEHUIO K
IIyMaM, MOCKOJIBKY IIYM Ha OTJCNIbHBIX MUKPO(OHAX HE SIBISCTCS KOrepeHTHbIM. OHAKO OJ1arofaps CIIOKESHUIO
HE3aBUCHUMBIX [UIS OTJCIBHBIX MHKPO(GOHOB IIIyMOB MOIIHOCTH IllyMa Ha Bbixone MP yMeHbIIaeTcs, B TO BpeMs
KaK MOIIIHOCTh PEYCBOTO CHTHAJIA OCTaeTcs MpexHei. B aTom cnydae MP ocnabnser nrym u ysemuauaet OCIII
Ha 10 l0g;0(M) 1B, rne M — uncno mukpodonoB MP.

B tabm. 5 npusenena crenens nmogasnenus myma (NR 1b) B 3aBHCHMOCTH OT 4rciia MUKPOGOHOB B MP.

M 10 20 40 80 160 320
NR, nb 10 13 16 19 22 25

Tabnuua 5. CTeneHb NogaBneHNs HEKOrepeHTHOrOo LymMa B 3aBUCMMOCTM OT Yncna MUKpodOHOB

Hanpumep, MP ¢ konmnaectBom npreMHHKOB 320 1MO3BOJISICT MIPH U30TPOITHOM ITPOCTPAHCTBEHHOM IIIyMe
yBenmumunts OCIL 1o cpaBHEHUIO ¢ ONWHOYHBEIM MHUKpOoQpoHOM Ha 25 1b u obecneunTs cOop pedeBoi nHPOpMa-
id Ha paccrostaun g0 150-200 m [13].

B pamkax Mozmeni HEKOrepeHTHOTO IO ISl YBEIMUESHUS JUCTaHIMK cOopa peueBoi nHGopMaIuy B 2 pa3a
(yBemuuenust OCILI Ha 6 1B) HEOOXOMMMO YBEIUYHNTH YUCIO MUKPO(OHOB B 4 pasa. YBenuueHue unciia MUKpodo-
HOB B 4 pa3a TpeOyeT yBenuueHus anepTyphbl 1BymepHoit MP B 2 paza. IIpu 3TOM HEBO3MOXKHO TOCTHYb BBIMIPHIILIA
OCHI B mpenenax JIMHEHHOTO pa3Mepa arepTyphl C HOMOIIBI0 YMEHBLICHHS] PACCTOSHUI MEeX Ty MUKpO(OHAMHU.

OnHako AaHHask MOJIENb CIpaBeJINBa JIUIIb B CIyYae, €CJIM UIyM OKPY)KEHHUS Ha MUKpO(]OHAaX JeHCTBU-
TENbHO SIBIIIETCA HE3aBUCUMBIM. DTO O6CTO§IT€HBCTBO CTaHOBUTCA OYCBUIAHBLIM B paMKax 60ﬂee peaHHCTHqHOﬁ
TpeThel MoJeNu IrymMa — MoJien quddy3Horo moss.

Jugpgpysnoe none — none B peBepOepUpyroOIeM MOMEIICHHH OT TOYSYHBIX (KOTEPEHTHBIX) HCTOYHHKOB,
JICTaHIUS J10 KOTOpbIX oT MP MHOTO Oosbiiie paanyca pesepbepanuu. [Ipy 3ToM curHaibsl HOCTYNaoT Ha MUK-
POo(hOHBI OTHOBPEMEHHO CO BCEX HAIPABICHHUH, COXPAHSA YaCTHUHYIO KOTepPEeHTHOCTh. PYHKIMS KOT€PEHTHOCTH
b dy3HOTo peBepOepaIOHHOTO MO MEXAY IBYyMsI TOUYKaMu (MUKPO(GOHAMH) OIMCHIBACTCS CIEAYIOLUIUM CO-
OTHOIIICHHUEM!

2 . .
|1"ij (f )| =sinc(2xfD; /c) =sinc(27D; /1) ,
Tae C — CKOpPOCTb 3By1<a; Dij — pacCTOSIHUC MCIKAY MHKpO(bOHaMI/I; A— JJIMHA BOJIHEI, f — Y4acCToTa Cur-Haia.

Takum 00pa3oM, pamiyc KOTepeHTHOCTH (PacCTOSHHE MEKIY TOYKaMH, Ha KOTOPOM (DYHKIIHSI KOTepEeHT-
HOCTH CTaHOBHUTCS PAaBHOW HyIt0) nu(dy3HOro moys COM3MEpUM ¢ UTHHON BOMHBI p =~ A. JuddysHoe none sB-
JISIeTCSl HEKOTEPEHTHBIM JUIsl pa3HECEHHBIX MUKPO(OHOB B JIaNa30He BEICOKHX YaCTOT, KOT/IAa PACCTOSIHUE MEXKIY
MHUKpO(OHaMH TPEBHINIAET COOTBETCTBYIONIYIO UIMHY BOJHBI, U KOTEPEHTHBIM B 00JIACTH HU3KUX YacTOT, KOTJa
JUTMHA BOJIHBI NPEBbIILIAET pazmepsl MP.

B ycnoBusix muddysHoro nmomns mryMm nocrynaer Ha MP co Bcex CTOpOH, OHAKO KOT€PEHTHOCTh CHT'HAJIOB
MHUKpPO(OHOB YMEHBIIAETCS C POCTOM YacCTOTHI M yBEIWIEHHEM PAcCTOSIHUS MeX 1y MUKpodoHamu. B nuamasone
HY, xorma nmuHa BONHBEI con3MepuMa ¢ pazmepamu MP, mym Ha BceX MUKpO(OHAX SBISAETCS KOTEpPEHTHBIM. B
9THX YCJIOBHUSX IIYM CO BCEX HANPaBJICHUH MOCTynaeT Ha Beixox MP kak yepes3 OOKOBBIE JIEHECTKH, TaK U Yepe3
OCHOBHOI1 Jenectok /IH, mockonsKy mupuHa ocHOBHOTO senectka /IH B aToit obmactu Benmka. Takum o6paszom,
Kiaccuyeckuid anroputM gopmuposanus JJH He ciocoben obecneunts B quanazone HY xopouryto npocrpaHcT-
BEHHYIO U30uparenbHocTh. st cyxeHus: ocHOBHOTO Jernectka JIH B 2 paza HE0OX0AMMO YBEJIMUUTD anepTypy
MP Taroke B 2 pasa.

B nuanaszone BbicOkuX 4acToT (BU) KOrepeHTHBIMH SIBISIOTCS JIMIIb CHTHAIBI COCETHUX MHUKPO(DOHOB,
JUISL OCTaJIBHBIX BBITIOJIHSIOTCS YCIOBHSI HEKOrepeHTHoro anuddy3Horo noins. B cs3u ¢ atum B obnactu BY a¢-
¢dexTnBHOCTH MP BO3pacraer ¢ yBeIMYeHHUEM YHCIIa MUKPO(QOHOB U Pa3MEPOB arepTyphl.

FeOMeTpnquKue XApPpAKTCPUCTUKH IKBUIUCTAHTHBIX MHKpO(l)OHHI)IX pelIETOK

ITox reomerpueiit MP moHMMAaeTCs 4MCIIO U pacrojokenne MUKpohoHoB. I'eomerpuss MP onpenensier ee
XapaKTePUCTHKH U SIBISIETCS] OCHOBOMH airopuTMOB 00pabOTKH CUTHAIOB.

DkBuaKCTaHTHBIC TTaHapHbie broadside MP (¢ mOCTOSHHBIM PACCTOSHHEM MEKITY MUKPODOHAMH IO KakK-
JIOMY M3MEPEHHUIO) JTOBOJIBHO HIMPOKO PACIPOCTPAaHEHbI Giiaromapst MpOCTOTE pacuera XapaKTepUCTHK. Paccunran-
HBIE TIapaMeTPbl MOTYT OBITh MOJIOKEHBI B OCHOBY KOHCTpyHpoBaHusi MP ¢ Gosee ciio)HOM apXUTEKTYPOH.

OcHoBHBIE reomMeTpuieckue napamerpsl MP — mar mexay mukpodoHamu u pazmep aneptypsl MP. Otu
mapaMeTpbl OMPEACIISIOT YaCTOTHBII JHana3oH padotel MP, obuiee yucio MUKPOGOHOB M HPOCTPAHCTBEHHYIO
Ppa3pemarIy cmocooHocTs MP.

OCHOBHBIC COOTHOIICHUS TSl SKBUAUCTAHTHBIX MUTaHapHbiX broadside MP:
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(hopmupoBanue npoctpaHcTBeHHOW JH MokeT ObITh MHTEPIPETHPOBAHO KaK BBIIEICHHUE IJIOCKHX BOJIH M3
3BYKOBOTO IOJIA;

mpuHa ocHoBHorO Nenectka AD(a) ~A/Dx(1/cosa) , re o — yron HanpapieHus Jyya;

IpOCTpaHCTBEHHOE paspemenne R(o) =1, 22Lk/ D x (II/COS o) ; rie L — aucTaHnus 10 HCTOYHMKA,

mar Mesky MUKpooHaMu, 06ecreuBAOIIHi OTCYTCTBHE MApa3sUTHBIX GOKOBBIX jerectkos, d <A . /2,
rae A, —MHHHUMAaJIbHAs [UIMHA BOJIHBI CHIHAJIA pabodero auanasona MP;

Y/IBOGHUE YKClIa MUKPO(hOHOB nprBoanT K yBennueHuto OCLI Ha 31b;

yIBOCHHE JIMHEHHOTO pa3Mepa anepTyphl IBYMEPHOH pemeTku mpuBoauT K yeenudenuto OCII Ha 6 nb;
YABOCHHE JUCTAHIIMU JIO TUKTOpa nmpuBoauT K yMeHbineHH0 OCIII Ha 6 nb;

yABOCHHE JIMHEWMHOrO pa3Mepa anepTypsl JByMEPHOH PeleTKH NPUBOAUT K YBEJIUYEHHUIO JUCTAHIUH BABOE
Y YMEHBIICHHIO IIUPHUHBI OCHOBHOT'O JIETIECTKA B/ABOC;

Y4aCTOTHBIA auamasoH [F .,

F.x] MP 3aBucur or umcia M MHKpPOGOHOB MO KakHOH M3 KOOPIMHAT:
Fmax/Fmin ~ M.

Huxe npuBeneHbs! OCHOBHBIE 3aBUCUMOCTH MEXKAY F€OMETPUEN SKBUAWCTAHTHBIX IUIaHapHbIX MP u nx
xapakTepuctukamu [28].

Bonbme arepTypa — BBILIC MPOCTPAHCTBEHHOC pa3pClICHUE.
bonpie yacTtoTa curHaia — BEIIIE MMPOCTPAHCTBECHHOC PA3PCIICHUC.

MensIe JAUCTaHIUA OT PpECIICTKU 10 00BEKTa — BBIIIE MIPOCTPAHCTBCHHOC PA3PCIHICHUC.

MeHblile paccTOsIHIE MEXIy MUKPO(QOHAMH — BBIIIE BEPXHss 9acToTa paboduero quamaszona MP (6e3 mpo-
CTPAaHCTBEHHOM YTEUKH).

YBenuueHne 4ncia MUKpO(OHOB TpH (UKCHPOBAHHON amepType — paclIMpeHHe YacTOTHOTO AMAIa30Ha,
JrarpamMMa HalpaBJICHHOCTH MEHSAETCS HE3HAUUTEIBHO.

Ha puc. 3 npuBezieHb! AuarpaMMbl HalpaBIEHHOCTH PEIIETOK ¢ (pukcHpoBaHHOM anepTypoit 35 cM u pas-
HBIM KOJMYECTBOM MHKPOGOHOB M st curHanma ¢ wactotoit 2 k['11 (ropu3oHTanbHast OCh — YTOJ TPUXO0/a aKy-
CTHUYECKOTO CHTHaJa, BEPTHKAIBHAS — aMILTHTY/Ia BRIXOMHOTO curHama MP B nuHeitHoM macirabe). M3 pucynka
BUJIHO, YTO yBEJIWYEHHE YKMCIIa MHUKPO(OHOB (M YMEHBIIEHHE Iara Mexay HumH) BiusiorT Ha JIH B He3Hauu-
TEJLHOU CTENEHH.

D(6)
1

.

wih -

90 —70 -50 =30 0 30 50 70 90
Yron npuxoaa curxana 6

Pwuc. 3. 3aBucumocTb gnarpammel HanpaeneHHOCTN MUKPOPOHHBIX PELLETOK C PUKCUPOBaAHHON anepTypon
35 ot uncna mukpocpoHoB M: 1 —-M=8,2-M = 16,3 - M =1024

Pacuer JIAaHAPHBIX 9KBUIUCTAHTHBIX MI/IKpO(l)OHHI)IX JIMHEEK

OCHOBHBIMU T€OMETPHUYECKUMH XapaKTEPUCTUKAaMH SKBHANCTAHTHBIX ITaHApHBIX MP sBisOTCS 0OIImiA

JMHEHHBIH pasMep (amepTypa) pemieTk U Iar Mexmy MAKpohoHaMu. [Ipy MpOeKTHPOBaHUH SKBUANCTAHTHBIX
PEIIeTOK MOXHO 3aJaBaThCsl YaCTOTHBIM JHMAara3oHOM CUrHaioB [F

ins Fmax] (cooTBeTCTBEHHO [A.0 Anin]),
WK, HA00OPOT, OMPENENSTh YaCTOTHBIH quana3oH MP, ucxons u3 aneprypsl D u mrara d Ha OCHOBE CIIEIYIOIINX

cooTHOLIeHHH. HanMeHbInas UIMHA BOJNHBI padovero nuarnazoHa (BepXHss IPaHMIA YacTOT) ONpPEAeNseT miar
Mexay mukpodonamu: d <A .. HanbGonbluas minHa BOMHBI pabodero auarasoHa (HWKHsS TPaHHIA 4acToOT)

ompeeNseT MHUHMMANIbHBINA JIMHEHHb pasmep (ameprypy): D, = A, - HacToTHEI QuanazoH (OTHOIIEHHe

MaKCHMAJbHOM ¥ MHHHMAJIBHOI YacTOTHI) ONpeAessieT KoaudecTtBo Mukpodoros: M > F [/ F . . Hampuwmep,
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IUTs TUHENKNU ¢ AecaTbio MUKpodoHamu u maroMm d = 5 cM makcuManbeHast yacrora F, = 3,4 k', MUHEMAaIIB-

Has yactora F ;=340 I'u.

OcHoBHBIE NP00/IeMb] IKBHIUCTAHTHBIX MUKPO(OHHBIX PeLICTOK

Peub sBNsS€TCS IMIMPOKONOJIOCHBIM CHUTHAJIOM, W SKBuaucTaHTHas MP He oOecrieunBaeT 4acTOTHO-
WHBApHAHTHOHN JHarpaMMbl HAaIPaBJICHHOCTH, YTO TPHBOAWT K MCKaKEHHUIO CIEKTpa pedr (YacTOTHBIA OTKITHK
9KBHMCTAHTHONH MP 3aBHCHT OT yriia Jiyda v B 00IIeM cliydae He sBisieTcs ocKuM). Cpeai OCHOBHBIX IMPO-
0J1eM KBHAMCTAHTHBIX MP MOXXHO Taroke yka3arh CleIyIOLIHE.

— Jlna dopmupoBanust y3koro ocHoBHoro yeriectka JTH B obmact HY (ke 1 kI, roe cocpenorodeHa 60Ib-
1Iast YacTh IIyMOB) TpeOyeTcs pereTka O0oNbIIMX pasMepoB (6osee MeTpa) ¢ OOJBIINM YHCIOM MUKPO(OHOB.

— Jlng npuemMa peud B LIMPOKOM AWANA30He YacTOT Tpedyercs OONMbIIoe KOTHMIECTBO MUKPO(POHOB, YTO YBEIIH-
YHBaeT 00bEM allapaTHBIX M BEIYMCIUTENBHBIX 3aTpar.

— Ha BBICOKHX yacTOTax peleTka UMEET CIUIIKOM y3KH OCHOBHOM JenecTok /IH, 4To MoeT nmpuBecTH mpu
HETOYHOW (HOKYCHPOBKE K HOTepe 3ByKa JUKTOpa Ha yacToTax BbIuie 5 K[ (Hampumep, pu ommbOKe HaBe-
JeHust 6° omuoKa MoJI0KEHNs Ha JucTannuy 10 M cocTaBiseT mpuOau3UTENBHO 1 M).

— C pocrom yrioB 1yda MP OCHOBHOII JI€NIECTOK pacIIUpSAETCs, YTO yXyIIaeT HAlPaBICHHOCTb, M MOSABIIAIOT-
cs1 OOKOBBIE JICTIECTKH, YePe3 KOTOPBIE MOCTYIAET IIYM OKPY>KEHHSI.

— BbIcok ypoBeHb OOKOBBIX JIEECTKOB.

— Pan anroputMoB 00paboTku curHanoB MP (uckimrovast 6a30BbIA anrOPUTMBI (POPMHUPOBAHHS AUATPAMMbI
HAaIpaBJICHHOCTH) OYEHb YyBCTBUTENECH K reomeTpun MP 1 TpeOyeT Xopolei KaTuOpOBKH.

Just pemennst mpo6aeM SKBUAMCTAaHTHBIX MP mpeaniokeHo 0oJpLIoe YHCIO0 pa3nuyHbIX moaxonos. Oc-
HOBHBIE BOIIPOCHI, ¢ KOTOPBIMH CBsi3aHa pa3zpaborka MP, — pa3mep aneprypsl, pa3MelieHue H KOJIHIeCTBO MHK-
POGOHOB, BO3MOXKHOCTH PAOOTHI B pealbHOM MacIiTade BpeMEHH, IPOCTPAHCTBEHHOE Pa3pelICHHUE.

OpmanMm w3 Hambonee A(PPEKTUBHBIX PEIICHHH OKa3ajJoch HEpaBHOMEPHOE IO allepType PacHOIOKEHHE
MHKPO(OHOB, TaK Ha3bIBAEMbIE HEDKBHIMCTAHTHBIE (HepaBHOMEpHBIE) MP [26-29].

HesxkBuaucranTHbie MUKPOGOHHBIE PElICTKH

KOHL[CHHI/IH HCOKBHJNUCTAHTHBIX MI/IKpO(l)OHHHX PCUICTOK 3aKIIOYaCTCA B pa36I/IeHI/II/I MP Ha MOAPCIIETKU
u o6pa60TKe CHUT'HAJIOB IMOAPCIIETOK B Pa3HbIX YaCTOTHBIX AHUAIlla30HaX (HOJ'IOC&X).

Sub-array
1

Puc. 4. Cxema 4eTbIpexnornocHon MUKPOOHHOW MUHENKN C 9 MUKpOdOHaMn

OcHOBHas HJes1 COCTOUT B TOM, YTO TI0 MEPE YMEHBLICHHS YaCTOT CUrHaja aneprypa MP u paccrosiHue me-
KTy MUKpO(GOHAMU BO3PACTAIOT, a M0 MEPE YBEIHUCHHs YacTOT — yMeHbLIAoTCs. Kpome Toro, HepaBHOMEpHOE
pacmonoxeHne MUKPOGOHOB CHOPMHUPYET MpU CHH(DA3HOM CIOKCHHH [IaBHBIN JICTIECTOK, HO OOKOBBIC OymyT
MEHBIIIE, TOCKOJBbKY HHTeP(EPEHIINS CUTHATIOB MUKPO(GOHOB OyIeT MEHbIIIE, YeM Y IKBUIUCTAHTHBIX PELICTOK.

[puMep reoMeTpHH HEIKBHIUCTAHTHON YETHIPEXIONOCHOH MUKPOMOHHOM JHHEHKH ¢ 9 MUKpO(hOHAMH
(D =80 cm, d = 5 cm) npuBeneH Ha puc. 4 [26]. dns nonoc 2, 3, 4 ucnosp3yercs mo 5 MUKpOOHOB, VIS MOTOCHI
1 (HY) — 3 mukpodoHa. AHAIOTHYHBIE PEIICHHUS UCTIONB3YIOTCS ISl IByMEPHBIX JINHEEK.
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Bompocam ontumu3aiuy reoMeTpUr IUIaHApHBIX perneTok MP mocsieHa oOLmIMpHas JIuTeparypa, Ha-
npumep [29-38]. [Ipu 5TOM YUHTHIBAIOTCS Pa3iUYHbIE KPUTEPHH ONTHMHU3AIINH: TTOCTOSHCTBO IMHPUHBI OCHOB-
Horo Jenectka JIH B mMpokoM quana3oHe 4acToT, COKpalleHue o0Iiero Koinuecrsa MUKpopoHoB MP, ymens-
LIEHHE YPOBHsI OOKOBBIX JICIECTKOB, MAKCUMH3aLUsI MH/IEKCA HAIIPABICHHOCTH H JIp.

Anroput™Mbl 00padoTKH CUTHAJIOB MUKPO(QOHHBIX pPelIeToK

Jlanexo He BCe MPUKITAAHBIC 33]]a9l MOTYT OBITH PEIICHBI C TOMOIIBIO aITOPUTMOB (POPMUPOBAHUS (PHK-
CHPOBAaHHOW TUarpaMMbl HanpapIeHHOCTH. MP HalluTi NpHMEHEHHe B PEIICHUH IIUPOKOTO KpyTa 3a1a4, IpexIe
Bcero Onaroziapsi MHOroOOpas3uio ajJropuTMoB 00paboTku. Beibop anroputmMoB 006paboTkn 00yCIIOBIEH BO MHO-
TOM CLECHApHAMH NprMeHeHnsT MP, K KOTOPBIM MOYKHO OTHECTH CJICIYIOIIHE:

— obpaboTka B peansHOM Maciitabe Bpemenu (0n line)/moct o6pabotka (off line);
— clueHapuu OMU3KOro/yIaieHHOTO JUKTOPA,;
— CIIEHApUH CTAIMOHAPHOMW/ IMHAMIYECKO# (MEHSIOIIEHCsT) aKyCTUIECKOM 0OCTaHOBKH

®dukcupoBaHHEBI#/
ANTOpUTMEI P . [ITymoBoe moe Kondurypauus MP
aIANTUBHBIHA

3aepKKH ¥ CYMMHPOBaHHS DUKCHPOBAHHBIH HekorepenTtHoe broadside
3aJep)KK1 1 CyMMHUPOBaHHs N .

Aep YMMHD DHUKCHPOBAHHBIN HexkorepentHoe broadside
B IOZIpELIeTKaX
CBepXHanpaBJIeHHOCTH DUKCHPOBAHHBIH Juddysuoe endfire
GSC AIanTHBHBIHI Korepentroe broadside
IMocT-dunprpain Bunepa AlanTHBHBIHI Juddysnoe endfire um broadside

Tabnuua 6. CBoncTBa HEKOTOPbLIX anropntMoB dopmuposanHns OH

AJNTOpUTMBI JloctonHcTBa Henocrtarku
IIpuronen TonbKo Amst
Y3KONOJIOCHBIX CUTHAJIOB

3aaep>1<1<1/1 1 CyMMHPOBaHU HpOCTOTa peanmnzanmn

[IpuroneH 1 MUPOKOIIOIOCHBIX
CHTHAJIOB
[IpuroneH 1 MUPOKOTIOIOCHBIX
CHUTHAJIOB, YMEHBIIIAeT o0IIee
KOJIMYECTBO MUKpodoHoB B MP
OnTuMH3HpyeT NePeAaTOIHYTO
¢dynkimo MP
Anantupyercs K IIyMOBOH
00CTaHOBKE, MUHIMU3HPYET
GSC MOIIIHOCT IIIyMa Ha BBIXOJIC TIPH
OTpaHUYECHUH TIOIABIICHUS
11eJIeBOT0 CUTHAJIA
Anantupyercs K IIyMOBOH
[Mocr-dunsrpannu Bunepa 00CTaHOBKe, yITy4IIaeT BEIXOAHOM
CUTHaJ

OunpTpanyuy ¥ CyMMHPOBAHHSA

3anep)KKi ¥ CyMMHPOBaHHS B
MOApEIIeTKaX

CBepxHanpaBlIeHHOCTH PaGoraer B nuddy3nom none

MoskeT ucKa)karh 1eJIEBOU
CHUTHAJI

MoXeT HCKaKaTh LENIEBOM
CHTHAJI

Ta6nuua 7. JOCTOMHCTBA 1 HeLOCTaTKN HEKOTOPLIX anroputmMoB 06paboTku curHanos MP
\

Jst pa3HBIX ClICHAPHEB MPEATIOKEHO OONBIIOE YUCIO PAa3HBIX alrOPUTMOB OOpaOOTKH CHTHAJIOB, KOTO-
PBIM TOCBsiIieHa obIupHas mureparypa (Hanpumep, [3—-11]). B pamkax HacTosIero o63opa He PeACTaBIAETCSA
BO3MOXKHBIM OITHCATh JaHHBIC aJrOPUTMBI CKOJBKO-HHOYAb TOApoOHO. [lepeurcium TG TPYIIbl alrOPUTMOB,
MOJyYHBIIUX HAanOoJbIIee pacnpocTpaHenue [26, 39-42].
—  QJITOPHUTM 3aJIeP>KKH U CYMMHPOBAHHUS;
—  aNropuTMsl QUIBTPALMH U CYMMUPOBAHHS,
— aNTOPUTMBI 00PAaOOTKH CHTHAJIOB TIOAPEIIETOK;
—  aJIrOPUTMBI CBEPXHAIPABICHHOCTH;
—  aJuropuT™Msl GOPMHUPOBAHUS IPOCTPAHCTBEHHOTO HYIIS;
—  JITOPUTMBI MHHHMYyMa Juctepcuu myma (mvdr);
—  aJrOpUTMBI MoaBieHus 60KoBbIX JienecTkoB (GSC);
— aJITOPUTMBI IepeBepOepaItum;
— aJITOPUTMBI TIoCcT-punsTparu Bunepa,;
—  QJITOPHUTMBI JIOKATU3ALHH 1 TPACCUPOBKH aKyCTHYECKUX HCTOYHHUKOB;
—  QJITOPHUTMBI Pa3NIeNICHUs aKyCTHYSCKUX HCTOYHUKOB.
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[TomMumo anroput™MoB, crienrGUIECKUX A 00paboTKu cuTHAIOB MP, 3HAYNTEIBHBIA JOTOTHUTETHHBIH
3 deKT I BBIICICHNS PEYr MOTYT JIaTh KIIaCCHUECKHE OJHOKAHAIbHbBIE anropuTMbl 00pabotku PC (sxBaaii-
3ephl, AMHAMHYECKUE (QUIBTPBI, GUIBTPBI KOPPETUPOBAHHBIX moMex u jp.) [43]. Ilose3HbIMU TakXkKe SBISIOTCS
AITOPUTMBI BH3YAITH3AIIH aKyCTUIECKOTO MOJIS, AlTOPUTMBI TPACCHPOBKH (OTCIICKUBAHUS MOJOKEHHUS) THUKTO-
POB U JPYTHE BCIIOMOTaTeIbHBIE aropuTMsbl [3].

B o0mem ciyyae MOXHO BBUICIHMTH JBE TPYIINbBI aJrOPUTMOB. aJalTHBHBIC M HeaganTUBHBIC. J[is
00pabOTKMA CHUTHAJIOB B YCIOBHSX MCHSIOIICHCS aKyCTHYSCKOH OOCTAaHOBKH HEOOXOIUMO HCIIOJIb30BaTh
aJIalITUBHBIC ANTOPUTMBL. B Tabu. 6, 7 mpuBeeHbI CBONCTBA PA3IMUHBIX TPYIIIT AIrOpUTMOB [26].

0030p MUKPOGOHHBIX PEelIETOK 3apy0e;KHBIX KOMIAHUIT

B nmanHom paspene paccmarpuBatorcst MP, mpeanaraeMbie 3apyOe)KHBIMUA KOMITAHHSMU JIJIsI PA3INYHBIX
3amad mucraHuonHoro mpuema PC. O630p maTeHTHON HH(GOPMANUH MO0 aKyCTHYECKAM CHCTEMaM, UCTIONb3YIO-
muM MP, man B pabote [44]. K HacTosimeMy MOMEHTY psiai 3apyOCKHBIX KOMITaHHUi, Hampumep, MaikpocodT
Kopnopaiinma (US), 3aiuTHIIN CBOW PEIICHAS] POCCHICKUMH TaTteHTamMu [45].

B Tabn. 8 npuBeneH nepeveHb KOMITaHHi, pa3padarsiBaromiux MP 1 AUCTaHIIMOHHOTO cOOpa peyeBoit
HH(pOPMAITUH.

HanmeHoBaHue MPOayKTa/CHCTEMBI/TEXHOIOTHH
24-snementHast MP 1 TexHoNOrUM 17151 KOH(EPEHII-3a710B

Kommnanust
ClearOne Inc
http://www.clearone.com/
Squarehead Technology
http://www.sghead.com
Acoustic Magic Inc.
http://www.acousticmagic.com

st cragnonoB. bonbias MP, 345 mukpodoHoB
JlaIbHOCTD — HECKOJIBKO JIECSITKOB METPOB

Voice Tracker ™ security monitoring

Voice Tracker I, Voice Tracker Il

8-anmeMeHTHass MUKPO(OHHAS peneTka

[Mone 3penns 360°, nucranmws 10 9 M

Phoenix audio technologies
http://www.phnxaudio.com

Hacronbhast MukpodoHHas cuctema, aganTHBHO (OPMHUPYIOIIast
JIy4 B HAPABJICHUH TUKTOpA

Vocal Technologies Ltd
http://www.vocal.com

Bornbmoit Habop aJanTHBHBIX alrOPUTMOB 00pabOTKH

griffcomm
http://www.griffcomm.com

MP p1s1 mpaBOOXpaHUTENBHBIX OPIaHOB
5%4 mukpodoHos, qucraniwst 2—10 m

Norsonic
http://www.norsonic.com

128 mukpodonos, aneprypa 0,4 m, Bec 2,5 kr

256 mukpodoHoB, aneprypa 1 m, Bec 11 kr

384 mukpodoHoB, aneprypa 1,6 m

+ Kamepa B 1ieHTpe

PKI CynepHarpasieHHblii MukpogoH. Yeunenue 1o 80 nb.
http://www.pKi Janenocts 10 100 M

Tabnuua 8. Cuctembl JCPW Ha ocHoBe MP 1 koMnaHum, ux Bbinyckatowime
Muxkpodonnbie pemerkn kommanmii Nordsonic m SquareHead

OnuuMu U3 HanboJiee MHTEPECHBIX SBIsIIOTCS cemelictBa MP kommanuii Nordsonic u SquareHead, Bo-
TUIOTUBILHME B ce0e HeH HEPaBHOMEPHOTO PACIIONIOKEHNs MUKPO(GOHOB M 00pabOTKU CUTHAJIOB TOJPEIIETOK B
Pa3HBIX YaCTOTHHIX mojocax [46, 47]. Pemerku moctpoeHsl Ha ocHoBe MEMS MHUKPO(OHOB M peau3yroT MHO-
TO MHTEPECHBIX KOHCTPYKTHBHBIX PEIICHUH.

Kommanust Norsonic seiryckaet MP 11 pereHns 3a1a4 TeXHHYECKON THarHOCTHKH, B YaCTHOCTH, IS T10-
CTPOCHHSI KapT aKkycTHdeckux Temmeparyp. Kommanms SquareHead momommmia stu MP cBonME COGCTBEHHBIMU
anropuTMamMu 00pabOTKH M IPIMEHHIIA AJIs PEMIeHUs 3aad TUCTaHIIMOHHOTO cOopa peueBoil MH(popMaIIuL.

B Tabin. 9 npuBeneHsl HEKOTOPBIE XapakTepucTHky (aneprypa D, wactorHslit quanason [F,,,, F,.. ], guc-
710 MukpopoHoB M) MP o6enx KoMmaHwuii.
D=04m D=1wm D=16wM
Norsonic M =128 M = 256 M =384
F =316 I'u-15 xI'g F=125Tu-15 k' F=80T1u-15kI'ng
D=05wm D=1,05m D=15m D=212m
SquareHead M = 105 M = 225 M = 285 M = 345

Tabnuua 9. NapamMeTpbl MUKPOGOHHbIX peLleTok komnaHui Norsonic n SquareHead

Bun MP kommanuu NOrsonic mpejcrasieH Ha puc. 5.
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Puc. 5. ®otorpadms MP komnaHum Norsonic

MP kommanun SquareHead AMD285 umeer auametp ameptypsl 1,55 M, comepxut 285 MHUKpOGhOHOB 1
obecneunBaet B auanasone 800-5000 I mwmprHy miaBHOTO JienecTka npubnusutensHo 20°. 1o qaHHBIM SKCIIe-
PHMEHTOB, 3Ta pelleTka odecreunBaeT mpueM pazdoopunBoi peun ¢ paccrosuus o 30 M. Bugx MP AMD285
IIpe/icTaBieH Ha puc. 6.

Puc. 6. ®otorpadms MP AMD285 komnanum SquareHead

Ipumep pasmeinenuss MP kommanuu SquareHead B koH(epeH-3a1e npeAcTaBieH Ha puc. 7.

Puc. 7. PasmelueHne MP komnaHum SquareHead B koH(bepeHLU-3ane

Mukpodonnbie pemerkn kommanuu GriffCom

CylIeCTBEHHBIM HEJIOCTATKOM PacCMOTPeHHBIX MP siBisiercst 6osbinot pasmep MP, He TIO3BOSISIFOLIHIA TIPH-
MCHSTh UX JUIsi MOOWIBHBIX TpHiokeHu. OTHOM M3 CHCTEM, IPSTHA3HAYCHHBIX JIJIS PEIICHUS 3a1ad MOOMIHLHOTO
MOHHTOpHHTa, sBisitoTcst MP kommanuu GriffCom, kotopsie ctpositest (B 3aBUCHMOCTH OT peliacMoid 3a1auu) 3
OT/ICJIEHBIX MAJIOPA3MEPHBIX pemeTok 5xX4 mukpohoHoB, obecneunBaromux mpuem PC ¢ gucranmmii 10 10 M. [Ipu
HE0oOXOIMMOCTH OHM OOBEIMHSIOTCS B OONBIIYIO penieTKy, ooecrieurBas npreM PC ¢ aucranumii 1o 64 .

IlepcnekTHBBI NPUMEHEHNsI MUKPO(OHHBIX pelIeTOK
(TenmeHUUU pa3BUTHS 06J1ACTH)

Hanpasnenne nucrannmonnoro co6opa PC ¢ ucnonszoBannem MP B HacTosmee BpeMs MPOIOIDKACT ak-
TUBHO pa3BuBarbcs. K HacTosieMy MOMEHTY c(OpPMHUPOBAJICS Psili MEPCIEKTHBHBIX HANpaBICHUN pa3BUTHS
cuctem JICPU na ocHoBe MP:
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— Tlpumenenne kommakTHEIX MP Ha ocHOBe KoMOuHMpoBaHHEIX broadside & endfire apxurextyp [48].

— Hacrpoiika anroputMoB 00pabOTKH Ha KOHKPETHOE TOMeleHre (MCIONb30BaHNe alPHOPHON MHPOPMAIHH
00 aKyCTHYECKUX XapaKTePUCTHKAX OMEIICHNS).

— JlomonHeHHe anroputMoB 00paboTki MP ajroputMamMu OJHOKaHaIbHOH 0OpaboTKH (MOJaBIECHUS CTAINO-
HAPHOTO HIMPOKOIMOIOCHOTO IIIyMa, peBepOeparu 1 ap.).

— TlcuxoakycTiyecknue arropuTMbl 00paboTku curaanos MP [49].

— MHcnone3oBanue pactnpenenenubx MP [50].

— Kom6unanus MP ¢ cucremamu BHICOMOHUTOPHHTA paciuupsier obnacts npumenenns MP [51].

3akauenne

B Hacrosee BpeMs: MUKpO(OHHBIE PEIETKH HAaXOIAT Bce OoJIbliee MPUMEHEHHE B Pa3IMIHBIX CHCTEMaX
00paboTkn pedeBoil WHGPOPMAIIUH, B YaCTHOCTH, AWCTAHIMOHHOTO cOopa peueBoil mHpopMmarmm. DyHKIIHO-
HaJIbHBIE BO3MOXXHOCTH MHUKPO(OHHBIX PELIETOK ONPEeAI0TCA X TeOMeTpUel U aJropuTMaMu HugpoBoii 00-
paboTKu curHajoB. ba3oBble NPUHIMIIBI Pa0OTHl MUKPO(QOHHBIX PELIETOK U alrOPUTMBI 0OpPaOOTKH UX CUTHAJIOB
U3JI0KEHBI B psifie MOHOTpaduii, OAHAKO JaHHOE HAIIPaBISHUE IPOOJDKAET aKTHBHO pa3BHBaThCs. ONTHMHU3ALMS
TEOMETPUH MUKPO(OHHBIX PEHIETOK BBITIONHIETCS HA OCHOBE CTATHCTHUECKOTO MOJEIIMPOBAHNS, aHAITUTHIECKOE
pelieHue 3a1a4u OTCyTCTByeT. ONTUMH3AIMS TeOMETPUH MHUKPO(OHHBIX PEUICTOK 10 Pa3IMYHbIM KPUTEPUSIM
MIPUBOANT K PA3IMYHBIM CTPYKTYpaM C HEIKBHIMCTAHTHBIM PACIOJIOKEHHEM MHKPO(OHOB. Psim 3apyOexHbIX
KOMITaHUH TIPEIaraloT CUCTEMBI Ha OCHOBE MUKPO(QOHHBIX PEIICTOK JUIS PELICHHs IIMPOKOTO KpyTa 3aj1a4, CBs-
3aHHBIX C 00pPaOOTKON peueBhIX U ayJHOCUTHAIOB. D(P(HEeKTHBHOCTH MPAKTHUECKOTO IIPUMEHEHHUS] MUKPO(QOHHBIX
PEIICTOK B 3HAYMTENHHOW CTEIICHH OINPEACINSeTCS METOOMYCCKHMH MaTephajaMH, O00OOIIAONIMMH OIBIT MX
MIPAKTUIECKOTO IPUMCHEHHS.
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