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YCTPOMCTBO ®OPMUPOBAHUS
SJIEMEHTOB OITTODJIEKTPOHHOM 5
AKYCTOOIITUYECKOW BBIYUCIUTEIBLHON CPE/JIbI

IIpeonoocen makem 3KcnepuMeHmanbHoOl
YCMAaHo8KU, No3eoasaoujel chopmuposams
9neMeHMbl ONMOINEKMPOHHOU AKYCMOON-
MUYeCcKoll 8bIYUCTUMENbHOU cpedbl. Pe3yib-
mamsl NPOBEOEHHBIX UCCAe08AHUL NOO-
meepacoaom KoppekmHocms mMooenel,
paspabomannwix pavee agmopamu.

OnTonnekTpoHHbIE ((DOTOHHEBIC) BEIYUCIUTEILHBIC
yCTpOHCTBa ¢ AUCKPETHBIM IIPEACTaBICHUEM 00pabaThl-
BaeMoi MH(OpMAIK XapaKTePU3YIOTCS BBICOKOW TOY-
HOCTBIO BBIYMCIICHUN [TPU COXPAHEHUH BBICOKOM MPOU3-
BoauTenbHOCTH [ 1]. CTpyKTypa TaKuX YCTPOMCTB MOXKET
OBITh KaK OJITHOMEPHOM, TaK U JIByMepHOU [2], 4To mo-
3BOJISICT B OJHOMEPHOM CJIy4ae€ BBIINOJHATL MaTEMAaTHU-
YecKHe OTepaliu mpu 00paboTKe MOTOKA TAHHEIX, a B
JBYMEPHOM CJIy4ae — peaIu30BbIBATh MPUHIINIBI 1a-
payensHOl 00pabOTKH MOTOKOB JIAHHBIX.

[IpoBois aHAJIOTHIO C COBPEMEHHBIMH 3JIEKTPOHHbI-
MU BBIUHCIIUTEIIBHBIMU CUCTEMAaMHU, MOYXKHO OTMETUTh
MIPUHLUINAIBHOE CXOJICTBO MPOLIECCa BHIIIOTHEHHUS Ma-
TEMATUYCCKUX onepaunﬁ OINTOSJICKTPOHHBIMHU aKyCTOOII-
TUYECKMMHU yCTPOUCTBAMU U JIEKTPOHHBIMU OJTHOPOI-
HBIMHU BBIYMCIHUTEIbHBIMU CpEJJaMU C TOYKH 3pEHUS
CTPYKTYPHOI OpraHu3ally BEIYUCIUTENIBHOTO YCTPOK-
ctBa [3].

OmnucaHue mporecca BBIMOTHEHUS MaTEMaTHUECKUX
oreparyii ONToIEKTPOHHBIMHU aKyCTOONTHYECKUMU PO-
neccopamMu € OUCKPETHBIM MNPCACTABICHUECM AJaHHBIX
CBSI3aHO C PELIEHUEM 3JIEKTPOJUHAMUYECKOHN 3aJa4u O
TU(PaKIMU CBETa B AKyCTOONTUIECKOH sTuciike KOHEeU-
HBIX pa3MepoB [4] 1 HyHKIIMOHATLHBIM MOJICITUPOBaHH-
€M pa3pAaHO-LU(PPOBOTo KOAUPOBAHUS CUTHAJIOB B ariep-
Type aKyCTOOIITHYECKOrO MonyJsiTopa [S].

BaxHol "acThI0 MCcIeIoBaHusI ITpoliecca mpeodpa-
30BaHMA JUCKPETHON HH(OPMAIMHN B aKyCTOONITHIECKOI
cpelie ABISETCs IKCIEPUMEHTaIbHAs IPOBEPKA J10CTO-
BEPHOCTH NPEAJIOKEHHBIX MOJIeNIel U pe3yabTaToB MO-
JICTTMPOBAHIISL.

Mopaenanb 3jieMeHTa ONTO3JIEKTPOHHOM aKyCTOOITH-
YeCKOil BBIYHCJINTENbHON Ccpeabl

B [3, 6] Obu1a peuIokeHa MaTeMaTHIeCcKast MOJICTTh
3JIEMEHTa ONITOIEKTPOHHOM aKyCTOONTHYECKOH BBIYHC-
aurensHoi cpensl (OABC), mocTpoena (GyHKIMOHANb-
Hast MOJIeTIb fiporiecca opmupoBanus anemenToB OABC,
MIPOBEACHO MOCTUPOBAHKE HIEMEHTOB IS Pa3INIHBIX
CIIy4aeB UX JOKaJIU3alHH.

B ciryuae ¢opMupoBaHus B aKyCTOOITHYECKOH cpe-
JI€ IIOCIEA0BATENbHOCTH aKyCTUIECKUX UMITYJILCOB IIPO-
HCXOANT AN(PAKINA CBETOBBIX HMITYIIECOB, Oaromaps
YeMy CTAHOBHTCS BO3MOXHBIM BBITIOJIHEHHE MAaTeMaTH-
94eCKoi 00pabOTKM JaHHBIX WIIM HH(POPMAIHH, IIPEICTaB-
JIEHHBIX aKyCTHYECKHM é‘i(t X) WJIH ONTHYECKHM CHT-
HaJIOM éz (t, Z). [Ipu 5TOM BBIXOAHON ONITUYECKUN CHT-
Hal §, (t, % Z), IpeICTaBIAOmul co00i mpoussee-
HHE CUTHAJIOB §1(t X) u %(t Z), paseH [3]

S (L, Z)=ZZ $( k) s( m,)x
€ X € zU
<Pk -G -2 -1
€ X € zl
o3BG
€ X € zU
—Gﬁ—krl—é—vﬁﬁ—mz+é—zg

SRR A

BeixozHoi curHan §, (t, X, Z) MOXKHO TPAKTOBAaTh
KaK CUTHAJI, 3aJJaHHbI} JJIS X U ¢ U ABWXKYIIUICS BIOJb
OCH z CO CKOPOCTBIO ¢. B IpUBEIEHHOM BBIPaKEHUH KaXK-
JIbII U3 YJIEHOB CyMMBI OIUCHIBAET DJIEMEHT BBIYHCIIU-
TEIBHON Cpesibl, TONOKEHUE KOTOPOTO B IPOCTPAHCTBE
U BPEMEHHU 331aeTcs HaOOpOoM Npou3BeeHuil QyHKIU
XeBHcaliga, a aMIUIUTYy/1a ONPENeAeTCs IPOU3BEICHH-
€M COOTBETCTBYIOLIHUX AUCKPETHBIX OTCYETOB CUTHAIIOB
s,(kt)) m s,(kT)).

BBIX’

OTH. €]l
0,08

0,04

0,5
1 1
[, MKC -2 X, MM

Puc. 1. Monens anementoB OABC
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JpaiiBep aKyCTOONTHYECKOM Marpuna I13C

STYeHKHU

CHIBUTOBBIE PETHCTPHI EPEMEHHOU
paspsanocta Ha ocHose [IJIMC
Altera EPM3128

YerpoiicTBo (hopMUpoOBaHUS
TakTOBbIX UMIyNIbcoB TTJI-ypoBHs

UYerblpexkaHaJIbHBIH 1H(GpPOBOT
CHHTE3aTOp 4acToT

Puc. 2. CtpykTypHas cxema MakeTa SKCIepUMEHTAILHONW yCTaHOBKU
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Puc. 4. ®orocuumku (ciea) aneprypbl AOS 1 niepBoro JuQpakOHHOTO MOPsIKa U OCHMIIIOrpaMMBI (ClipaBa) CUTHA-
JIOB, MOJIaBaeMBIX Ha JpaiBepsl nazepa n AOS mus komOuHarwit mudposoro koma {1111}, {1110}, {1100} n {1000}, coot-
BETCTBEHHO
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Puc. 1 orpaxaer mpormecc (GOpMHPOBAHHUS IEMEH-
ToB OABC U151 BXOJTHBIX YE€THIPEXOUTHBIX KOMOWHAITHI
{1111} ONTHYECKOTO U aKyCTHYECKOTO CHTHAJIOB [6].
Kax/1p1ii 13 2JIeMEHTOB Cpe/bl 00pa3yeTcs B pe3ybrare
BBIITOJTHEHUS OTIEPALIH MOOUTOBOTO YMHOKEHHS COOT-
BETCTBYIOIIHX Pa3psioB.

Maket 3KCl'lepl/lMeHTa.]'le0i/i YCTAaHOBKH

g uccnenoBaHus MPOCTPAHCTBEHHO-BPEMEHHOIO
npencrasnenus curuaigos B OABC, npusenenHoro B [3,
5], mpeaoKeH MakeT 3KCIEePUMEHTAIbHONW YCTAaHOBKH
(puc. 2). BaxxHoit cocTaBHON 9aCThIO yCTAHOBKH SIBIISICT-
sl YCTPOUCTBO (POPMHUPOBAHUSI ONITUIECKON MMITYIILCHOM
TMOCJIEIOBATEIbHOCTH Ha MOJTYPOBOTHIKOBOM Jiazepe [ 7].

B npeanaraeMoM MakeTe UCIIOIb3YETCs HOITYyIPOBOI-
HuKoBbIid Al-Ga-InP nazepnsrit anoq ML101J21 (nnuna
BOJIHBI 658 HM, MOIIHOCTh HENPEPHIBHOTO M3ITy4YECHUS
80 MBT, MOIIHOCTB B UMITYNIbCHOM pexume 10 160 MBT
[8]), BeImyckaemsIii pupmoii Mitsubishi gt mprmene-
HHS B ONITHYECKUX HH(OPMAIIMOHHBIX CUCTEMaX, C Apaii-
BEpOM Ha 0cHOBe KoHTposutepa Intersil EL6835, mo3so-
JISIFOIIIETO MOJYITHPOBAaTh HHTCHCUBHOCTh M3ITyUCHHUS C
yactoToi 10 600 MI'11 (mpu BpeMeHH HapacTaHus U CIia-
na ummnynsca 0,8 He).

YeTpIpexKaHAIBHBIN ITU(PPOBOI CHHTE3aTOpP YaCTOT
MpeCTaBIsACT COOOM OTIAIOYHbIM MOAYIbL Ha OCHOBE
Mukpocxembl Analog Devices AD9959 [9]. JIByxkaHaib-
HOE yCTPOICTBO (POPMHUPOBAHUSI TAKTOBBIX HMITYJIECOB
TTJI-ypoBHS U3 ABYXIOJSAPHBIX FAPMOHUYECKUX CHUT-
HAJIOB C BBIXOZIOB IIU(POBOTO CHHTE3aTOpa YacTOT BHI-
notHeHo Ha Mukpocxeme 74HC14 (uaBeptopsl [LImura).

Pa3paboTannas cxema ycTpoiicTBa GOpMHUPOBAHUS
OWTOBBIX MTOCIIEIOBATEIFHOCTEH, TOABACMBIX Ha BXOJIbI
JIpaiiBEpOB J1a3epa 1 aKycToonTuaeckou ssueiiku (AOS),
Ha ocHoBe [IJIMC Altera EPM3128, npuBenena Ha puc. 3.
3nech J1, J2 — MOTEHLMOMETPBI, UCTIOIb3yEMBIE IS
peryivpoBaHusi ypoBHEH MOILTHOCTH Ja3epa; J3—J8 —
unrepdeiic (JTAG) mporpaMMHpOBaHUS MHUKPOCXEMBI
ITJINC EPM3128ATC100-10N; J9, J10 — 6ydepusn-
POBaHHBIC BBIXOJBI PETHCTPOB (MHKpocxema DD2—
74F245); J11 — Habop nepeMblueK, KOMMYTHPYIOIIHX
curHainsl ot [TJIVC k npaiiBepy nasepa; J12 — BxoqHOM
pasbeM (MOJKITIOYAIOTCS] CUTHAJBI ¢ (hOpMUpOBaTeneit
TaKTOBBIX UMITYJIbCOB, IIOAACTCS MUTAIOIIEE HAPSDKEHNE);
J13 — BHemHM uctouyHuk nutanus (8—12 B), X1 —
pasbeM JJIs MOAKIIIOUCHHUS IpaiiBepa jaszepa.

B xauecTBe cpempl aKyCTOONTHYECKOTO B3aUMOICH-
ctBus BeiOpana AOSI Isomet 1205C-1 [10] ¢ apaiiBepom
Isomet 222E-1.

Pe3y.]'[l)TaTLI IKCIIEPUMEHTAJbHBIX uccaea0BaHuii

Ha puc. 4 npuBeeHs! mpuMepbl JOpMUPOBAHHUS dJIe-
MenToB OABC B HampaBieHuN pacipoCTpaHEeHHsI aKyC-
TUYECKOH BOJIHBL {11 BBIOpaHHBIX YCIIOBHH dKCIIEpH-
MeHTa (OparroBckuit peskuM audpakimu, aneprypa AOS
5,5 MM, 9acTOTa CIeJOBAaHHS aKyCTUIECKUX HMITYIIECOB
2,64 MTI'n, yacrora cienoBaHUsS ONTUYECKUX UMITYIb-
coB 0,66 MI'11) BO3MOXXHO ()OPMHPOBAHHUE YETHIPEX UITH
MeHee HJIEMEHTOB CPEJIbI.

Texanueckue xapakrepuctuku AOS Isomet 1205C-1
(reomeTpuuecKkue pa3Mepbl anepTypsl 5,5 MM U LIEHT-
panbHas Hecymas yactora 80 MI't st pesxkuma bparra)
JIENAI0T BO3MOKHBIM OJTHOBPEMEHHOE (POPMHUpPOBAHUE
BochbMHU U Oonee anemeHToB OABC TONBKO 3a CUeT yBe-

JIUYCHUS YaCTOTHI CIICOBAHHS aKyCTHUYCCKHX UMITYIIb-
coB 110 5,28 MTI't. CoBpeMeHHBIE aKyCTOONTUYECKHE
YCTPOWCTBA CIIOCOOHBI pabOTaTh HA THUIIEP3BYKOBBIX Yac-
torax 10 10 I'T w Berme [11], 9To mepcnekTUBHO C
TOYKH 3PCHHS MMOBBIIICHHS KOJUYECTBA OJJHOBPEMEHHO
(hopMHUPYEMBIX FIIEMEHTOB, ¥, COOTBETCTBEHHO, TIPOM3-
BOJMTEILHOCTH BCETO YCTPOMCTBA [6].

BriBoabI

B pesynbrare npoBeAEHHBIX SKCIICPHMEHTATBHBIX HC-
cireoBaHui niporiecca popmupoBanus aeMerToB OABC
ObL1a TOATBEPIKICHA KOPPEKTHOCTH pa3paboTaHHBIX aB-
TOpaMH MOJIeJIel. YCTaHOBIIEHO, YTO MPEITI0KEHHBIN HC-
TOYHHMK ONITHYECKON UMITYJIbCHOMN MOCIEe10BAaTETbHOCTH
MIO3BOJISICT MOYIUTh UMITYJIECHI C OTHOPOTHBIMH B0
MIPOCTPAHCTBEHHON KOOPIUHATHI TMIEPEIHUM U 338 THUM
(bpoHTaMH U OCYIIECTBUTH BU3YaTH3aLUIO CHOPMUPO-
BaHHBIX aKyCTOONTHYECKOU Aueiikoi anemenToB OABC.

[IpenMyIIecTBOM pacCMOTPEHHOTO YCTPOHCTBA SIB-
JSIETCS TO, YTO KOIUYIECTBO C(HOPMUPOBAHHBIX IIEMEH-
TOB OTIPEEIACTCS TOIBKO YACTOTaMH CIICJOBAHHS aKyC-
TUYECKUX M ONTUYECKUX UMITYJIbCOB, M YBETUUYECHHE ITO-
ro KOJTMYECTBA HE MPUBOANUT K 3HAUUTCIHHOMY YCIIOXK-
HEHHUIO CTPYKTYPBL. DTO JeJIaeT BO3ZMOXHBIM pa3padoT-
Ky HOBBIX OIITO?JIEKTPOHHBIX YCTPOHCTB TOTOKOBOH 00-
paboTKu HH(MOPMAIH, BBIYUCIUTEIbHAS TOUHOCTh KOTO-
PBIX cOOTBETCTBYET 128 1 Gosee paspsiiam.
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