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NNMABA 1

NMPONCXOXAOEHUE
DOU3NHECKNX CUTTHAJIOB
N EANHNLUBI UX USMEPEHUA

Yont Kecrep

BesepneHue

B aT0i1 KHUTE MBI OyIeM TTpexXae BCEr0 UMETh JeJI0 ¢ 00padOoTKOM (PU3NIECKUX CUTHA-
JIOB, BBITIOJIHSIEMOI Ha OCHOBE aHAJOTOBBIX U IM(MPOBBIX METONOB. PaccMoTpuM He-
CKOJIBKO KJIFOUEBBIX ITOHATUN U OIpeaeeHN, HeOOXOMUMBIX I TIOHUMaHUS CYIII-
HOCTH TIpeaMeTa.

HoBrlii yHUBepcuTeTCKMIA cioBapb BebGcTepa orpenensieT CUrHall Kak «00HapyXu-
BaeMylo (M1 U3MepsIeMyIo) (pU3MIECKYI0 BETMUNHY UM UMITYJIbC (TUIIA HATIPSIKEHMUS,
CHWJIBI TOKA WJIM HAIPSLKEeHHOCTH MAarHUTHOTO TI0JIST), KOTOpast MOXKET OBITh MepenaHa
KaK cooOIIeHne Win Kak nHbopMamus». Kodom K 3ToOMy OIpeaeieHUIO SIBIISTIOTCS
cioBa: oOHapyXuBaemasi, hpu3ndeckasi BeIMInHa 1 MHDOpMaIiys.

ITo cBoeii mpupoae Bce CUTHABI SIBJISTIOTCS aHAJIOTOBBIMU, OYIb TO CUTHAJI TIOCTO-
SIHHOTO MJIY TIEPEMEHHOTO TOKa, ITM(POBOI MY UMITYJIbCHBIN. TeM He MeHee TTPUHSITO
JIeJIaTh pa3JIMune MEeXIy aHaJOTOBBIMU M IM(MPOBBIMU CUTHAJIAMM, KOTOPOE BhIpaXka-
eTCsl B TOM, YTO B IIPUPOAE BCE MU3MEpUMBbIe (PU3MUIECKUE BEIMIMHBI ITPEICTABIISIOT-
Csl aHAJIOTOBBIMM CUTHaJaMM. B 3TOli KHHUIe aHAJIOTOBBIC CUTHAJIBI XapaKTePU3YIOT-
CsI DJIEKTPUIECKUMU TIEPEMEHHBIMM, CKOPOCTBIO MX M3MEHEHUS M CBSI3AHHOW C HUMM
SHeprueit ujau MOITHOCTRIO. J11s1 TpeoOpa3oBaHus APYTrUX (GPU3NYECKUX BEJTMUUH (TeM-

B XapakTepucTuKu CUrHasnoB
¢ CurHanbl aBns0TCAS GU3NYECKMMU BENMYNHAMN
¢ CurHanbl MOXHO U3MEPUTL
+ CurHanel cogepxat nidopmavmio
+ Bce curHanbl sBNSOTCA aHaNorosbiMm

B EOnHULbLI UBMEPEHUS
+ Temnepartypa: ‘C
+ [laBneHwue: H/m?
+ Macca: kr
+ HanpsxeHne: B
¢ ONeKkTpu4eckuin Tok: A
¢ MowHocTtb: BT

Puc. 1.1. XapakTtepyCTUKU CUTHAJIOB




@ Tlpoekmuposanue cmeuanHblx U YUPPOBbIX CUSHAN08

IepaTyphl, TaBICHUS U T.IT.) B 3JIEKTPUIECKIE CUTHAIBI UCTIONIB3YIOTCS TaTIYMKU. Takas
00J1acTh, KaK HOpMam3amus curaaia (signal conditioning), o3HagaeT ITOATOTOBKY (hu-
3MYECKUX CUTHAJIOB K 00pa0OTKe M BKITIOUACT B ce0s TaKMe acITeKThl, KaK TaTYNKH (Ha-
IIpUMep, TaTIYUKHA TeMIIepaTyphl W MaBICHUS), M30JIUPYIOIINEe U MHCTPYMEHTAIbHBIC
ycunurenu u T.o. [1].

HexkoTtopbie curHaIbl PEICTaBISIIOT CO00M peakiuy Ha APYTHe CUTHAIBL. XOpO-
I TIpUMep — OTPaKEHHBIN CUTHAJI pamapa WX YJIbBTPa3ByKOBOI CHCTEMBI OTOOpa-
JKEeHUsI, B KOTOPBIX OTPaKCHHBIN CUTHAJ SIBJISIETCS] PE3YJIBTATOM JCHCTBHS M3BECTHOTO
TepeJaHHOTO CUTHAJA.

C Opyroif CTOPOHBI, CYIIECTBYIOT CUTHAJIBI, KOTOpPBIC HA3BIBAIOTCS UUDPOBbIMU,
IJie CUTHAJI, OTIpeieIEeHHBIM 00pa3oM 00pabOTaHHBIN, Mpeodpa3oBaH B UU@psl. Bo3-
MOKHO, 3TH LM(POBBIE CUTHAJIBI CBSI3aHBI C peaJbHBIMU aHAJOTOBBIMM CHTHAJIAMMU,
HO BO3MOXHO, YTO MEXIY HUMM U HeT CBA3U. B KauecTBe IIpuMepa MOXKHO IIPUBECTH
repeaavy JaHHBIX B JIOKATbHBIX BEIYUCIUTETBHBIX CeTsIX (LAN) mim B ApyTUX BBICOKO-
CKOPOCTHBIX CETSIX.

B ciygae mmdposoii 0opadoTku curHana (LIOC) aHamoroBslil curHai Ipeodpa-
3yeTcsl B ABOMYHYIO (hOPMY YCTPOMCTBOM, KOTOPOE HA3bIBAETCS aHAIOTO-IIM(MPOBBIM
mpeobpazoBareneM (ALLIT). Ha Beixome ALLIT moywyaeTcst mBOMYHOE TIpeACTaBICHHE
aHAJIOTOBOTO CHUTHAaja, KOTOpoe 3aTeM obOpadaThiBacTcsl apruPpMeTHdecKd HUMOPOBBIM
curHasbHBIM TIporieccopoM (DSP). [Tocme 06paboTKu comepKamiasicsl B CUTHaJIe WH-
dopmarmst MOXKeT OBITh TTPe0Opa30BaHa 0OOPATHO B aHAJIOTOBYIO (POPMY C MCITOJIb30Ba-
HHUeM Indpo-aHaaoroBoro rmpeoodpasonsareis (LIAIT).

Hpyroit KI0ueBO KOHIICTIIINEH B OIPeaeIeHUN CUTHAJA SIBISIeTCS TOT (PakT, 4To
CHTHAJI BCEeTJa HeceT HEKOTOpyo MHMOpMainio. DTO BemeT Hac K KIIIOUeBOIl IIpo-
6eme 00pabOTKM (PU3NUECKMX aHAJIOTOBBIX CUTHAJIOB — ITPO0OJIeMe M3BJICUYCHUS MH-
dopmanuu.

Llenn 06paboTkm GrU3n4ecknx CUrHanoB

[1aBHast menb 00pabOTKM (GU3NIECKUX CUTHAIOB 3aKJTI0UAETCS B HEOOXOMMMOCTH TTOJTY -
YeHMS COIepKaIIeiicss B HMX MH(popMany. D1a nH(pOpMaIns 0OBIYHO TIPUCYTCTBYET B
aAMIUTUTYIEe CUTHaJa (aOCOIOTHOM MM OTHOCHUTENIBHOIT), B YaCTOTE MJIN B CIIEKTPAJIhb-
HOM cocTaBe, B (ha3e MM B OTHOCUTEIBHBIX BPEMEHHBIX 3aBUCUMOCTSIX HECKOJBKIX
curHanioB. Kak ToibpKo skenaemast mHbopMaIus OyIeT M3BJIeueHa U3 CUTHaIa, OHA MO-
JKeT OBITh MCIOJIb30BaHa Pa3IMIHBIMU CIIOCOOAMM.

B HeKOoTOpPBIX clTydastx XKeJlaTeIbHO TTepeopMaTUPOBaTh HH(POPMAIINIO, ComepKa-
IIyIOCSI B CUTHAJIe. B yacTHOCTH, cMeHa (hopMaTa MMeeT MeCTO IIpH Tiepeaade 3ByKOBOTO
cuTHasa B TeJle(pOHHOI CMCTeMe C MHOTOKAHAIBHBIM TOCTYIIOM U YaCTOTHBIM pasieie-
aueM (FDMA). B aToMm citydae aHaIoroBbIe METOIBI UCTIONB3YIOTCS, YTOOBI Pa3MECTUTh
HECKOJIBKO TOJIOCOBBIX KAHAJIOB B YaCTOTHOM CIIEKTpE IJIs Tepenadr depe3 paanuope-
JIEHYIO CTaHILMIO MMKPOBOJHOBOIO JMana3doHa, KOAKCUaJIbHBIA WU ONTOBOJOKOH-
HBIN Kabenb. B cirydae mincbpoBoii CBSI3M aHAIOroBas 3ByKoBasi MH(popMaIns cHavdaza
npeodpasyercs B P poByio ¢ ucnonb3oBanmeMm ALITT. LudpoBas nadpopmaiys, mpe-
CTaBJISIIONIAs] MHAVBUAYAIbHBIC 3BYKOBBIC KaHAIBI, MYJIBTUTIEKCUPYETCS BO BPEMEHH
(MHOTOKaHAJIBHBIN JOCTYII ¢ BpeMEeHHBIM pasaeneHueM, TDMA) 1 mepemaeTcs 1o 1moc-
JIeqoBaTeIbHON IM(MPOBOM TMHUHM CBSI3M (Kak B T-carrier-cucreme).

Eme ogHa mpuynHa 06paObOTKM CUTHAJIOB 3aKJIIOYACTCST B CXKATHU TIOJIOCH YaCTOT
curHana (0e3 CyIIeCTBEHHOM ITOTepr MHMOPMAIINK) ¢ MOCIeAYIomMnM (popMaTUpoBa-
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B 13BneyeHne nidopmaumm o curHane (amnamtyna, dasa, 4yactoTa, CrnekTpasbHble
COCTaBAsoLWMe, BDEMEHHBIE COOTHOLLEHNS)

MpeobpasoBaHne popmata curHana (tTenedoHus c pasgeneHnem kaHanos FDMA, TDMA,
CDMA)

CxaTune faHHbIX (Mofembl, COToBble TenedoHbl, TenesnaeHmne HDTV, cxaTtrne MPEG)
dopmMupoBaHue curHanoB 06paTHO CBA3U (ynpaBieHne NpoMblLLIEHHbIMY NpoLLeccamMm)
BbloeneHuve curHana ns wyma (bunsTpawms, aBTOKOppensiums, CBepTka)

BblgeneHue 1 coxpaHeHue curHana B umMdpoBoM BUAE A5 nocnenyouwein oopaboTku
(BNd)

Puc. 1.2. Llenu 06paboTKY CUTHAIOB

HUEM U Iiepeaadeil MHGOpMalMU Ha MOHMKEHHBIX CKOPOCTSIX, YTO IMO3BOJISIET CY3UTh
TpeOyeMyIO MOJIOCY IMPOMYCKaHUsl KaHayia. B BBICOKOCKOPOCTHBIX MOJIEMax M CUCTe-
Max afarTUBHONM UMIYJIbCHO-KomoBoit Moayasunn (ADPCM) mmpoko UCTob3yioTcs
aJITOPUTMbI YCTpaHEHMST U30BITOYHOCTU AAHHBIX (CKATUS), TaK Xe KaK U B LIM(PPOBBIX
cucTteMax MOOMJIBHOM CBSI3U, cucTeMax 3anucu 3s8yka MPEG, B TeieBuIeHUM BHICOKOM
yetkoctr (HDTYV).

[IpoMblliUIeHHBIE CUCTEMbI cOOpa JAaHHBIX U CHUCTEMbI YIIPABACHUSI MCIIOJIb3YIOT
MHOOPMALIMIO, MOJYYSHHYIO OT JaTYMKOB, JJIsI BHIPAOOTKM COOTBETCTBYIOLIUX CUIHA-
JIOB OOpaTHOI CBSI3W, KOTOPBIE, B CBOIO OUYepe/lb, HEIMOCPEACTBEHHO YIIPABJISIOT IIPO-
1eccom. O6paTuTe BHUMaHUE, UTO 3TU CUCTeMBbI TpeOyroT Hanuuus Kak ALLIT u 1IATII,
TaK ¥ JaTYUKOB, YCTPOICTB HOpMaau3aluu curHana (signal conditioners) u DSP (nnu
MMKPOKOHTpoJIepoB). Analog Devices mpeuiaraer cemeiictBo MmukpocxeM Microcon-
verters™, KOTOpble BKJIIOUYAIOT Mpeln3uoHHbIe aHamoroBbie cxeMbl, ALITT, LIATT, muk-
poxoHTposiepsl U flash-maMsATh Ha OMHOM KpUCTAaJIJIe.

B HeKOTOpBIX Cilydyasix B CUTHaJe, coaepkalieM HH(MOPMALIMIO, IPUCYTCTBYET IIIyM
1 OCHOBHOI 1IEJIBIO SIBJISIETCSI BOCCTAHOBJICHUE CUTHAA. Takue MeTonbl, Kak (uisTpa-
1111, aBTOKOPPEJISILIMS, CBEPTKA U T.1., YaCTO MCTIOJIb3YIOTCS MJIs1 BHITOJHEHUS 3TOM 3a-
JlauM ¥ B aHAJIOTOBOM, 1 B LIM(POBOI1 00JIACTSIX.

dopmMupoBaHmne GrU3nYecKrx CUrHanoB

B GoabIIMHCTBE TPUBEAECHHBIX CUTYaLIMi1 (CBSI3aHHBIX C UCMTOIb30oBaHMeM DSP-TexHo-
noruii) Heooxomumbl Kak AL, Tak u LIAII. Tem He MeHee B psiae cliydaeB TpeOyeTcs
tosibko LIAIT, korna (pu3nyeckue aHaIOTOBbIE CUTHAIBI MOTYT OBITh HEMOCPEICTBEH-
Ho creHepupoBaHbl Ha ocHoBe DSP u LIATI. Xopomum npuMepom SIBASIIOTCS TUCTIIEN
C pa3BepTKOIi BUIEON300pakeHsT, B KOTOPBIX CTEHEPUPOBAHHBIN B IM(GPOBOIi (popMe
CUTHaJ yrpasJsieT BugeounsoopaxkenneM uian 6Jjokom RAMDAC (ripeo6pa3oBaTeieMm
MaccuBa MUKCEJIbHBIX 3HAUeHUH 13 U(PPOBOI1 B aHAJIOTOBYIO (hopmy). Jdpyroii npu-
Mep — 3TO UCKYCCTBEHHO CMHTE3MpYyeMbIe MYy3bIKa 1 peub. B 1eiiCTBUTEIbHOCTH, TIPU
reHepauuy QU3MYeCKUX aHAJIOIOBBIX CUTHAJIOB C MCIIOJIb30BaHMEM TOJBKO LUGbpO-
BBIX METOJOB I10JIaraloTcsl Ha MHMOpMAIIUIO, MPeABAPUTEIbHO MOJYYSCHHYIO U3 KC-
TOYHMKOB MOJOOHBIX (PM3NUECKMX aHAJIOTOBBLIX CUTHAIOB. B cucteMax oToOpaxeHus
JIaHHbIE Ha JAUCILIee JOJIKHBI JOHECTH COOTBETCTBYIOLIYIO MHGMOPMALIMIO OIepaTopy.
ITpu pa3paboTKe 3ByKOBBIX CUCTEM MCXOJISIT U3 CTATUCTUYECKUX CBOMCTB reHEepUpY-
€MBbIX 3BYKOB, KOTOpbIE ObLIM IPEIBapUTEIbHO OIpPEIeeHbl ¢ MOMOIIbIO IIUPOKO-
ro ucnonb3oBaHus MeTonoB LIOC (MCTOYHUK 3ByKa, MUKPODOH, TTpeaBapUTEIbHbII
yeunutenb, ALIIT v T.1.).
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MeToabl 1 TEXHONOrMn 06pPaboTKM PUNYECKMX CUTHANOB

CurHasl MOTYT OBITH 00paOOTaHBI C MCIIOJIH30BAHMEM aHAJIOTOBBIX METOJI0B (aHAJIO-
roBoii 00padboTkm curHaiaoB, uin ASP), mudpoBeix MeTomoB (LM pPoBOI 00padOTKM
curHanoB, i DSP) unn KkoMOMHAaIIMM aHAJIOTOBBIX U HU(PPOBLIX METOIOB (KOMOM-
HUPOBaHHOI 00pabOoTKM curHaaoB, i MSP). B HeKOTOPHIX ciryJasix BRIOOpP METO-
JIOB SICE€H, B IPYTUX CJIy4yasix HET SICHOCTU B BbIOOPE U MPUHSITUE OKOHYATEJIbHOTO pe-
IIEHUSI OCHOBBIBACTCS HA OTIPEACICHHBIX COO0PaKCHUSX.

Yto xacaercsas DSP, To rmaBHOe OTJIMYMeE €ro OT TPaAULIMOHHOTIO KOMITBIOTEPHO-
ro aHaJM3a MaHHBIX 3aKJII0YaeTCsl B BBICOKOM CKOPOCTU M 3(P(GEKTUBHOCTU BBHIIION-
HEHMS CJIOXHBIX (GYHKIMN IUGPOBOIt 00pabOTKM, TaKUX KaK (OUIBTpAllNsl, aHAIU3
C MCITOJIb30BaHUEM OBICTpOro IIpeodpa3oBanust Pypre (BITD) u cxkaTre TaHHBIX B pe-
aJIbHOM MacliiTabe BpeMeHU.

TepmuH «koMOMHMpPOBaHHAs 00pabOTKa CUTHAIOB» MOAPAa3yMeBaeT, UTO CUCTE-
MOIi BBITIOJIHSIETCS M aHajorosas, M Ludposas oopadorka. Takas cucTeMa MOXET
OBITH peaan30BaHa B BUJE IIEYAaTHOM IUIAThI, THOPUAHOI MHTerpaabHOIi cxeMbl (M1C)
WJIV OTAEJIbHOTO KpUcTajia ¢ MHTerpupoBaHHbIMU deMeHTamu. ALITT u LIAIT pac-
CMaTpUBAIOTCS KaK yCTPOMCTBA KOMOMHUPOBAHHON 00pabOTKM CUTHAJIOB, TaK Kak
B KaXIIOM M3 HUX peaJn30BaHbl U aHAJIOTOBBIC, X LIU(PPOBBIC (DYHKIIUH.

HemaBHUeE ycriexy TEXHOJIOTUH CO3MaHUS MUKPOCXEM C OU€Hb BEICOKOM CTEIICHBIO
nHTerpaunu (VLSI) mo3BoSIIOT OCYIIECTBIATh KOMILUIEKCHYIO (IIM(PPOBYIO M aHAJIO-
roByl0) 00paboTKy Ha omHoM Kpuctamie. Cama npupoga LIOC nmoapa3ymeBaeT, 4To
5TU (OYHKIIUM MOTYT OBITH BBHITIOJIHEHHI B PEXXMMe PeaJIbHOTO MacIlTaba BpeMEHH.

CpaBHeHKe aHanoroBow 1 undpoBomn 06paboTku curHana

B nHa1e Bpems MHXeHep CTOUT Iepe BEIOOPOM Hajjexkaleli KoOMOMHAIIMN aHAJI0TO-
BBIX 1 LM(POBBIX METOJIOB JIJISI pellieHUs 3a1auyu 00paboTKu curHajoB. HeBo3aMoxxHO
00paboTaTh GU3NIECKIE aHAJIOTOBBIE CUTHAJIBI, UCITOJb3Ys TOJBKO TG POBBIC METO-
IIbI, TaK KaK BCe MaTYUKHU (MUKPO(OHBI, TEPMOTIAPhI, TEH30PE3UCTOPHI, IMbE303TCKT-
PUUYECKHME KPUCTAJIIbI, TOJIOBKM HAKOIMTENISI HA MATHUTHBIX JUCKAX U T.1.) SIBJISIOTCS
aHAJIOTOBBIMU ycTpoiicTBaMu. [103TOMy HEKOTOPBIC BUIBI CUTHAJIOB TPEOYIOT HATMIHS
Lereil HopMaJM3aluy JIJisl TabHelIneir o00pabOTKM CUTHAJIOB aHAJIOTOBBIM MU LIU(D-
POBBIM METOIOM.

B neiicTBUTEIbHOCTH, IENM HOPMAJIM3allUM CUTHAIa — 3TO aHaJIOTOBBIC CXEMBI,
BBITIOJIHSIONINE TaKue (PYHKIIWHM, KaK yCWJICHUE, HaKOIUIeHHEe (B M3MEPUTEIbHBIX U
MIpeaBapuTeIbHBIX (Oy(DepHBIX) YCHINTENSIX), OOHApYKeHUE CHUTHAJIa Ha (DOHE ITyma
(BBICOKOTOYHBIMM YCHIUTEISIMU CUH(pA3HOTO CUTHAJIA, YPABHUTEIISIMU U JIMHEHHBIMU
MMpUEMHUKAMM ), TMHAMWYECKOe CXKaTHe Aralta3oHa (JJorapuMUIeCKUMU YCUJTUTEIIS -
M, orapudmuaeckumu LIAIT u ycunurenssmMu ¢ mporpaMMUpyeMBbIM KO3 duIieH-
TOM ycWIeHUs) U puibTpalvs (maccCuBHasl MU aKTUBHAsT).

Heckonbko MeTOAOB peaiu3aluy mpoiecca oOpabOTKM CUTHAJIOB ITOKa3aHO Ha
puc. 1.3. B BepxHeit ob1acTy prcyHKa M300paXkeH YMCTO aHaJIOTOBLIN Mmoaxon. B oc-
TaJIbHBIX 00JacTIX M3o0paxeHa peanmsauus DSP. OO6patute BHMMaHUeE, 4TO, KakK
TOJIBKO BhIOpaHa DSP texHosorus, clieayoluM pelieHrueM T0JKHO OBITh oTpeaee-
Hue MectonoJjioxxeHust ALLIT B TpakTe 00paboTKM curHajia.

Boob6ie, nockonbky ALIIT nepemertieH Ovxke K AaTYMKY, OOJIiblIAasi 4acTh 00Opa-
OOTKHM aHAJIOrOBOTO CUTHAJa Ternepb NpousBoautcs mocpeactsom ALITI. Yeennuenue
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®dusnyeckue curHansol OGpa6oTka CUrHanoB
AHanorosoe Ananorosas
> L E— >
Aarink npeobpasoBaHne obpaboTka
curHana
> Ananorosoe N R R
Jartumnk > > ALM » Dsp > LAM N
npeobpasoBaHne
> AL u R
Aarank npeobpasoBaHue DSP LA
: Kopek nnun i
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Hatunk AUn H ycTponcteo AFE ! LIAM >
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Puc. 1.3. O6paboTKa aHaJIOrOBbIX U LU(PPOBBIX CUTHAJIOB

Bo3MoxkHocTelr ALITT MoxeT BbIpaxkaTbCcsl B YBEJIMYEHUM YacCTOThl OUCKPETU3ALIUU,
pacliMpeHUu AWHAMUYECKOTro Ouarna3oHa, MOBBIIEHUM pa3peularolleil crnocoOHoc-
TU, OTCEYEHUHN BXOJHOIO IIyMa, UCITOAb30BAaHUU BXOAHOW (PUIBTpALIMU U TPOrPaMMU-
pyembix ycunuteneit (PGA), HalM4Mu MCTOYHUKOB OMOPHOTO HAMPSIKEHUST Ha KpUcC-
Tajuie U T.J0. Bce ymoMsiHyThle HOMOJHEHUS TMOBBIIIAIOT (GYHKIMOHAIBHBIA YPOBEHb
U ynpouawT cuctemy. [Ipy Hanuuuu cOBpeMeHHbIX TeXHosioruii npoussoacTsa LIATT
u ALITT ¢ BBICOKMMU 4aCTOTaMU IMCKPETU3ALMU U pa3pelialoiuMyU ClIOCOOHOCTSIMU
CYIIIECTBEHHBII MPOrpecc JOCTUTHYT B UHTETpaLlMK BCe OOJIBIIIETO YMCIa Lieneil Hermoc-
penctBernHo B ALITT/LIAIL. B cdepe nusmepenuii, HaripuMep, CyliecTBYIOT 24-OUTHBIE
AIIIT co BcTpoeHHBIMU MporpaMMupyeMbiMu yewnuteasiMu (PGA), KoTopble mO3BOJIS -
10T OLU(PPOBBIBATH MOJHOMACIITAOHBIE MOCTOBbIE CUTHaNIBI 10 mV HenmocpeacTBeHHO,
0e3 mpenBapuTeIbHON HOpMan3aluu (Hampumep, cepust AD773x). g paboTsl ¢ ro-
JIOCOBBIMUM U 3BYKOBBIMM CUTHAJaMU MMEIOTCS KOMILJIEKCHbIE YCTPOMCTBAa KOIMPOBA-
Husg-aeKoaupoBaHus — Koaeku (Analog Front End, AFE), koTopbsie UMEIOT BCTPOEH-
HYIO B UMIT aHAJIOTOBYIO CXEMY, MPEAbSIBISIONIYI0 MUHUMYM TPEOOBAHUI K BHEIIHUM
koMmroHeHTaM HopMaiu3auuu (AD1819B u AD73322). CyliecTBYIOT TakKXKe BUIAEOKO-
neku (AFE) mns takux 3aaa4, kKak o0padoTka n3oopaxkenus c momouipbio [13C (CCD),
u npyrue (Harpumep, cepun AD9814, AD9816, u AD984X).

[MpakTrnyeckuin npnmep

B kauecTBe MmMpakTUYECKOro MpUMepa MCHoJib30BaHUSd DSP cpaBHUM aHalOTOBBIN U
udpoBoit bunbrpbl HU3KOM YacToThl (PHY), kaxnbiit ¢ yactoroii cpe3a 1 kIir. Lud-
pPOBOI (PUJIBTP peau30BaH B BUAE TUMUYHOW AUCKPETHON CUCTEMBbI, TOKA3aHHOU Ha
puc. 1.4. Obpatute BHUMaHWE, 4YTO B AUarpaMMe MPUHSATO HECKOJbKO HESBHBIX J0-
nyuieHuid. Bo-nepBbiX, 4TOObI TOYHO OOpadOTaTh CUTHA, MPUHUMAETCS, YTO TPAKT
ALTII/IAIT obmagaeT JOCTATOYHBIMM 3HAYCHUSIMU YaCTOTHI JUCKPETU3AIlUM, pa3pe-
11aollei CnocoOHOCTH U AMHAMUYECKOTO auariazoHa. Bo-BTOpPBIX, IJIsI TOrO, YTOOBI
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Puc. 1.4. Lludposoii hbunsrp

3aKOHYUTD BCE CBOU BLIYMCIIEHNUS B IIPE/IeNaxX MHTepBaia aMckpeTusanuu (1/1), yerpoii-
ctBo ILIOC pomKHO UMETH TocTaTOuHOE ObIcTpoaeiicTBue. B-TpeTbux, Ha Bxome ALITT
u Bbixoae LIAIT coxpaHsieTcsl MOTPeOHOCTh B aHAJIOTOBBIX (DMJIBTPaX HU3KON YacTOThI
(anti-aliasing filter u anti-imaging filter), XoTs1 TpeboOBaHUSI K UX MPOU3BOJUTETHHOC-
TH HeBeJUKU. [IpUHSAB 3TU TOMYIIEHUs, MOXHO CPaBHUTh LIM(MPOBOI U aHAJIOTOBBII
(UIBTPHI.

Tpebyemast yacrora cpesa oboux ¢uasTpoB — 1 klil. AHamoroBoe rnpeobpa3oBa-
HMe peanu3yercs GuisTpoM YeOblllieBa TIEPBOro Poja IIECTOro Mopsiaka (XapakTepu-
3yeTcsl HaJIMYMeM TyJbcalvii KoadbUIIMeHTa Tiepeayy B MOJI0Ce MPOITyCKaHUs U OT-
CYTCTBHMEM ITyJIbCAIIMiA BHE ITOJIOCHI POITYCKaHMsT). Ero xapakTepucTUKY IpeacTaBIeHbI
Ha puc. 1.5. Ha npakTuke 3TOT (UIBTPp MOXET ObITh MpeAcCTaBieH TpeMs (QuabTpaMu

AHanoroBbii unbTP Uundposoin punbtp
FIR-dunbTpHa 129 KoadpdULMEHTOB,
®unbTp Yeboiwera 6 nopsaaka, HepaBHoMepHOCTb 0,002 ob, nuHenHas
HepaBHomepHoCTb 0,5 b dasoyacToTHasa xapakTepmucTrKa,
yactoTta otcyeToB f, = 10 kSPS

nb nb
0 e —e- 0 e ——
L B L A B e e
TS S - SR SR S 40| I8 - RN SRS R
B I NG I S B R R S
I B S N S U /I W S S S

~100 : : : : ~100 : : : :
0 1 2 3 4 5 0 1 2 3 4 5
YacroTta (kl'u) YacroTa (k')

Puc. 1.5. CpaBHeHMe aMITTUTYIHO-YaCTOTHBIX XapaKTePUCTUK aHAIIOTOBOTO U IIM(POBOTO
GusrpoB
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Puc. 2.45. Cnexrp BbixogHoro curHaia LIATI ¢ orubaroieit Buaa sin X/X (aMIuiMTyaa HopMaan3o-
BaHHas1)

KazaHo Ha puc. 2.41. Obparute BHUMaHUE, YTO FTapMOHUKU OoJjiee BHICOKOTO TMOPSII-
Ka, COCTaBJIAIOLINE KOTOPbIX MOMAAI0T B OCHOBHYIO 1ojiocy Haiiksucra (ot 0 no f/2),
He (QUIBTPYIOTCS.

PykoBoacTBysICh OIHOI JIMIIb XapaKTePUCTUKOM TUIOIIAAN MOJ KPUBOM JIOKHOTO
CUTHaJIa, TPYAHO IpeAcKa3aTh HeqnHeliHoe uckaxeHue win SFDR. [Ipyrue daxro-
pBl, Takue Kak noyHas auHeitHocThb LIAIT, Takke criocoOCTBYIOT BOBHMKHOBEHUIO UC-
KaxxeHuit. IToaTomMy oOlIenpuHsITa MPOBEPKa BOCCTAHOBUTEIbHOM criocooHocTr LIATT
B YaCTOTHOI 001aCcTH (C UCMOJIb30BAaHMEM aHaJIM3aTopa CIIEKTPpa) Ha pa3IMYHbIX TAKTO-
BBIX U CUTHAJIBHBIX YAaCTOTAX, KaK MoKa3aHo Ha puc. 2.43. TunmuHoe 3HauyeHue SFDR
1751 14-paspsinHoro LIAIT AD9772 nipencraBneHo Ha puc. 2.44. TakToBas 4yacToTa paBHa
65 MSPS u curHajabHast yacToTa aHaaIu3upyeTcst 1o 25 MIir.

Kaxk u B ciryuae ¢ ALLI, nmrym kBaHTOBaHMS OYAET MPOSIBIISITLCS B BUAE YBEIUYEH-
HOTO HEJMHEWHOTO MCKaXKEHUsI, eCIU OTHOIICHUE MEXIy YacTOTON CHMHXPOHM3AIIUKU
u BeixogHoM yactoroit LIAIT mpeacTaBiseTcs eabIM YUCIOM. TaKUX OTHOIIICHUI HYK-
Ho u30erathb Ipu usmepennu SFDR.

Cnap yactoTHomn xapakTepuctuku (Rolloff) LLAI sin (x)/x

Boixonnoii curHan LIAIT MoxeT ObITh TIpecTaBieH B BUIE PsAIa MPSIMOYTOJIbHBIX UM-
MyJbCOB IIUPUHOM, paBHOI 00paTHOI BeJIMUMHE TAKTOBOI YaCTOThI, KaK IT0Ka3aHO Ha
puc. 2.45. O6paTtuTe BHUMaHKE, YTO BOCCTAHOBIIEHHAS aMIUIMTY/la CUTHAJIa COCTaBIIS -
er —3,92 nb Ha yacrore Haiiksucra f /2. Jlnga koMneHcauuu a1oro addekra B 60/1b-
IIMHCTBE CIyYaeB JOCTATOUYHO MCIOJIb30BaTh MHBEPCHBIN (DUIBTP Sin(x)/X. 3HaUeHUS
COCTaBJISIIOIIMX OCHOBHOM YaCTOTHI TaK3Ke OCJIA0JIIIOTCs (hyHKIMEH sin(x)/X.
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