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Fnasa 1

OuckpeTHble
nocnenoBaTesibHOCTU
U CUCTEMDbI

Indponas 06paboTKa CUrHANOB HUKOLAA Paribilie He ObUTa TAK LIMPOKO Paclpo-
CTpaHeHa, U HUKOI/Ia PaHbIle He CyLIeCTBOBAIO CTOIbKO BO3MOXKHOCTEH /1 ee peasiun-
sanuu. He Tak jaBHO 6bicTpoe mpeoGpasoBatue Dypoe (BIID), kotopoe Mb1 6yaem
06CyXaTh B T71aBe 4, IPeACTABIIsIOCH 3araloyHOl MaTeMaTUIecKoii Ipoleypoi, uc-
H0JIb3YEMOI TOJIbKO B KPYITHBIX MCC/IEOBATEJIbCKUX IIEHTPAX UM yHHUBEPCHUTETaX.
Ceituac, Kak 310 HU yausuTebHO, BITD merko moctynHo kaxkaomy u3 Hac. OHO faxe
peanuayeTcs B BUJe BCTPOEHHbIX (DYHKIMH, IPeI0CTaBIAeMbIX HEIOPOTUMH ITaKeTaMU
JIPOrpaMM MaTeMaTH4eCKHUX PacyeToB /IS JOMAUIHUX KOMIbIoTepPOB. [{OCTYMHOCTD
60oJ1ee N30LIPEHHBIX KOMMEPYECKAX MPOrpaMM 06pabOTKH CUTHAJIOB II03BOJIAET HaM
cero/iHs GpICTpee U yBepeHHee pa3pabaTbiBaTh NPUJIOKEHHsT 06pabOTKY CUTHAJIOB.
Mb1 MOK€eM BBITIOJIHATH CIIEKTPAIbHBIN aHATN3, IPOEKTHPOBATh UPPOBLIE (PUIBLTPHL,
paspabaTbIBaTh CUCTEMBI PACIIO3HABAHUS PEYM, IEPEIayyl JaHHBIX, COKATHs M3006paxe-
HU C MCIIO/Ib30BAHKMEM ITPOTPAMM, KOTOPbIE HHTEPAKTUBHBI KaK B YACTH 33/IaHUS JITO-
putMa QYHKIIMOHUPOBAHKS, TAK M B YacTu rpaduueckoro oTobpaskeHus pe3yJibTaToB
pabotbl. C cepenunbl 80-X rOAOB Ta Xe TEXHOJIOTHS, KOTOpasi c/leJlajia BO3MOXHBIM CO-
3/1aHKe JOCTYIHBIX JOMAUIHUX KOMITBIOTEPOB, II03BOJIIIIA Pa3pabOTaTh MOLIHBIE 1 HEO-
porMe amniapaTypHblEe CUCTEMBI Pa3paboTKH, KOTOPbIE CIY’KAT OCHOBOH pealu3anuH
Pa3/INYHBIX IPOEKTOB, UCIIOMbL3YIOMHUX IH(pPOBYI0 06paboTKy curnaos'. Tem He me-
Hee, HECMOTPS Ha IPOCTOTY IPUMEHEHHsI COBPEMEHHBIX CPeACTB pa3paboTKy cucTeM
1 poBoit 06pabOTKY CUTHAJIOB, HAM BCe ellle He0OXOAUM POYHBIN byHAaMeHT NOHH-
MaHHs ee ocHOB. 11eJb 3TOI KHUTH — NOCTPOUTD TaKOH QYHIAMEHT.

B 3T0i4 r71aBE MBI IOATOTOBMM 6a3y [JIsi TEX TeM, KOTOpble OyyT U3Y4aThCs B OCTANb-
HOI1 4aCTH KHUTH, ONPE/Ie/IB TEPMUHOJIOTHIO, UCTIOIb3YeMyI0 B 1indpoBoit o6paboTke

' Bo BpeMs TeJeBU3MOHHOIO HHTEPBbIO B Hauaje 90-X OuH U3 BEAYIiNX yYEHBIX B 001aCTH
KOMIILIOTEPHBIX HayK 3aMETWJI, YTO, eCjiy OBl aBTOMOGHIIbHASL [IPOMBILILIEHHOCTh Pa3BUBA-
JIACh TAKMMM K€ TeMTIaMM, KaK KOMIIbIOTEPHAs, HAllti MAUIMHBI CeH4ac ABUTATICH OBl CO CKO-
POCTH B MOJMMJLIHOHA MIIb B 4ac (ipumepHo 800 000 kM/4 — npum. nepes.) U Ha OJTHOM
raanone (IpuMepHO 4.5 1 — npum. nepes.) GersuHa npoe3xkanu Obl MOJIMHIIMOHA MUJIb.
Llena Takoit MamMHbI 6611a GBI TAKOM HU3KOM, 4TO ee npouie 66110 6b BEIGPOCUTH Ha CBAJIKY,
yeM 3aIIATHTh 33 OIHHU JeHb MapkoBku B Can-Dpannucko.
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CUTHAJIOB, TI0KA3aB PA3/IMYHbIe CIOCOOBI rPathUyecKoro IMpeaCTaB/IeH s AUCKPETHBIX CHI-
HAJIOB, OIPe/Ie/INB MOHATHUA, HCHO/Ib3yeMble DU OIMMCAHUU NOCIENOBATEIBHOCTEN 3Have-
HHUI JAHHBIX, IPE/UIOKUB YCIOBHbIE 0003HAYEHHS], UCIIOIB3YEMBIE 15 OTTMCAHHS OllepaLuii
06paboTKH CHTHAJIOB, K KOPOTKO BBE/IsI IIOHSITHE JIMHEHHBIX IUCKPETHBIX CHCTEM.

1.1. luckpeTHbie nocnenoBarenibHOCTU
M CBA3aHHbIE C HUMU 0003HaYeHusa

B camoM 06111eM cMbiciie TEPMHH 06pabomka cuznanog 06o3Hadaet 061acTh HayKu,
KOTOpasi 3aHUMaeTCsl aHATHN30M (QU3NYEeCKHX [TPOLIeCCOB, UBMEHSIOIIMXCS BO BDEMEHH.
U kak TakoBasi, 06pab0TKa CUTHAJIOB JA€JIHUTCS HA [BE BETBH: aHAJIOTOBYIO 06paboOTKy
CUTHAIOB ¥ 1MpoBYIO 06pabOTKY CUTHANOB. TepMUH aHa10206bii UCIIOIB3YETCS A
OIMHCaHMs1 CUTHAJIOB, KOTOPBIE HEIIPEPhIBHBI BO BpEMEHH H MOTYT IIPHHUMATh 3HAYEHUs]
U3 HeIlpepLIBHOTO Juana3oHa. [IpuMepoM aHaIOroBoro CUrHaia siBjasieTcsi HEKOTopoe
HalnpsixeHue, KOTOPOe Mbl MOKEM 110/1aTh HA BXOZA OCLUJUIOCKOIIA, B pe3yJIbTaTe 4ero
Ha 9KpaHe Mbl YBUJUM HENPEPHIBHYIO KPUBYIO KaK DYHKIMIO BpEMEHU. AHAJIOTOBBIH
CUTHAJI MOXKHO TAaK)Ke NOJAATh Ha OOBIYHBINA aHAIM3aTOP CHEKTPa, YTOOBI OIIPENeIUTh
€r0 YaCTOTHBII cocTaB. TepMUH anan0z08biil, BEPOSITHO, IPOMCXOMUT U3 06/1ACTH aHAJIO-
TOBBIX KOMIIBIOTEPOB, HCIIOJIb30BAaBUINXCA N0 Hayaua 80-X. ITH KOMIbIOTEPH! Pelain
JvHelHble g depeHIaTpHble YPABHEHUS ¢ IOMOIIBIO 3IEKTPOHHBIX nddepeHiina-
TOPOB M HHTErPATOPOB, COEAMHSIEMBIX C IOMOIIBIO TeIe()OHHBIX NaTYKOPA0B . B Takoit
CUTYallMH HeTpePbIBHOE HAMIPsKEHHE WK TOK B PeaIbHOM 1IeTIH IpeCcTaB.Isiid coboi
ananoz HEKOTOPOU IepeMeHHON B AuddepeHIIMaIbHOM YPaBHEHHH, TAaKOH KaK CKO-
POCTh, JaB/IeHUE BO3yXa, TEMIIEPATYpa U T. IT. (X0Tsi TUOKOCTD M IIPOU3BOAUTENBHOCTD
COBPEMEHHBIX HH(PPOBBIX KOMIIBIOTEPOB C/IeJIaJIM AHAJIOTOBbIE KOMITBIOTEPbI YCTaPECB-
MMM, XOPOILICC OIIMCAHUE KOPOTKOH XH3HH aHAJIOTOBbIX KOMIILIOTEPOB BBl MOXCTE
Haiith B pabote [1].) [Tockoabky coBpeMeHHasi 0OpabOTKa HEIPePbIBHBIX CUTHAJIOB C
HCNOJIb30BAHMEM PE3HCTOPOB, KOHJAEHCATOPOB, OIEPALIMONIHBIX YCHJIUTENEH U T. II.
UMeeT MaJio 06I1ero ¢ aHaJOrOBbIMM KOMITBIOTEPAMHU, TEPMUH dHAI0208bli CETOAHS
TpeACTaBiseTcsl HeyaauyHbIM. Bosiee koppeKTihiM Ob110 Gbl HA3BIBATH HENPEPbIGHOU
06pabomxoti cuzHanoa To, UTO Mbl CETO/IHs OOBIMTHO HA3BIBACM aHAJIOTOBOI 06paboT-
Koit curHasioB. COOTBETCTBEHHO, B 3TOI KHUIe MBI CBCIEM K MUHUMYMY HUCIIOJIb30Ba-
HHE TEPMUHA AHAN0Z08bLe CUZHANLL U 3AMEHNM €r0 TCPMUHOM HEenpepbvigHble CUZHANbL
Be3/ic, I'Zie 3TO ONPaBAAHO.

Tepmun duckpemmbiti cuegnan MCHOMB3YCTCA U1t 0003HAYCHUS CUTHAJIA, TI€3aBUCHMAs]
nepeMeHHas (Yalie BCero BpeMsi ) KOTOPOro KBAHTOBAHA, TAK YTO MBI 311aCM 3HAYEH Hs CUT-
Hala TOJBKO B JIMCKPETHbIE MOMEHTHI BpeMeHH. TakuM 006pasoM, JUCKPETHbIM CUrHaI
MpEeNCTABISETCS He HElIPpePBIBHOM IHUMel, a Habopom 3HayeHnd. KpoMe kBaHTOBaHUs
10 BpEMEHH, JTUCKPETHBIE CUTHAIB! KBAHTYIOTCS €llle ¥ 110 3HaYeHH10. MBI MoKeM 110-
SICHUTD 3TH MOHsITUsI Ha ipuMepe. [IpencTaBum cebe HeNpepbIBHbII CUHYCOUAAIBHBII

. CUTHAJI C aMIUIUTYI0M, paBHO#1 1, U 4acToOTOii f,, ONMUCHIBaeMbiii ypaBHEHUEM

x(t) = sin(2nf,t) (1-1)

1 . .
OTpesku MpoBoAOB HEGOJIBINOMN AAMHbE CO LITEKEPAMH HJIM Pa3beMaMH Ha KOHLIAX, TPeHa3-
Hay€HHbIE JJIsI KOMMYTAI[MH CUTHAJIOB Ha MMaHe X TeJeOHHbIX CTaHUHI — (npum. nepes.).
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Yacrorta f, uamepsiercst B repuax (I'u). (B dpusnueckux cuctemax Mbl 06bIHO H3Me-
psieM YaCTOTY B €AMHMIIAX, IIPOU3BOAHBIX OT repua. OUH reply — 3T0 YaCTOT4, IiPH KO-
TOPOM COBEPIIAETCS OAHO MOJIHOE KoJebaHue UK UK B ceKyHAy. OauH Kuorepi
(xT') paBen Teicaye I'y, a Merarepn — omHoMy MusLnoHy [ii'.) Eciu ¢ B ypaBHeHnu
(1-1) npencrasnsieT coboit BpeMsi B CEKYHAAX, TO pou3BeeHue f, t UMeeT pa3mep-
HOCTb LMKJIOB ([IEPHOZOB), A HOJIHBIN apryMeHT 27f, t npeAcTapisieT cobo yros, Hs-
MepeHHBbII B paiuaHax.

A HenpepbiBHbIn curHan x(t)

14
0 -

HenpepwiaHoe
spems | t

(a)

0.5 +

Al
AvckpeTHbIA
‘ curHan x(n)

] xf(?)euomenm 7t

lz.l‘/ ll;

»I‘- [] ]
Co . M 13 15 1719 ', : . : 31 33 35 37 38

(6) O e e s s
1.3 § 7 9 ‘ 21 23 25 27 28 - .
. L . u fluckpeTHbIA
0.5 + [ : WUHAEKC BpemeHu, n

BnckpeTHsIn
A curnan x(n)

14

05 -+
31 33 35 37 39
(© 0
AuckpeTHbIR
0.5 + MHAGKC BPEMEHN, N

Puc. 1.1. CuHycoupanbHbiiA cMrHan Bo BpeMeHHoW obnacti: (a) npeactasneHue He-
NpPepLIBHOTO curHana; (b) npeacrasneHme QUCKPETHOrO cUrHana; (c) anck-
pPeTHbIE OTCYETbI C COEANHUTENBbHBIMY IUHUAMN

N3o6pasus (1-1) B Buzie rpacduka, Mbl 10/TyYaeM U3BECTHYIO CHHYCOMAABHYIO KPH-
BYIO, NIOKa3aHHY10 Ha pucyHke 1.1 (a). Ecaium Ham HenpepbIBHBIA cHUrHan (pH3HNYecKH

' Panpme YACTOTY U3MEPSIH B YUKIAX 6 CeKYHOY, BOT NIOYeMY HIKAIbl HACTPOUKH CTapbIX pa-
JHMOIIPHEMHHMKOB I1IPOrPajyupPOBaHbl B KWIOLUHUKIAX B cexyHay (keps) uiu Meraumkiax B ce-
kyHay (Mcps). B 1960 roxy HayuHoe co0611eCTBO MPUHSJIO B KA4eCTBE eAMHUIBI U3MEPEHUsA
yactoTsl ' B yecTb Hemenkoro ¢pusmnka [enpuxa I'epua, koropeit B 1887 roay Birepsbie npo-
ACMOHCTPHPOBAJ NepPe/lavy U 1PHEM PATUOBOJIH.
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IpeICTaBsieT COOOM HapsIKEHNeE, Mbl MOXKEM 8351Mb €20 OMCUENbL TI0 OMHOMY 32 Kax-
Jible £, CEKYHJI C TOMOMIBIO aHAJIOrO-1M(ppoBOro npeobpasoparesis U NPeACTABUTb CHHY-
COWJIAJIBIIBIIT CHTHAJL B BU/Ie IIOCJIe/IOBATE/IBHOCTH AUCKPETHBIX 3HaucHuil. M3obpasus
HTH 311a4CHUS KAK TOYKH, MBI [TOJIYYUM /IMCKPETHBIH CUI'HAJI, TIOKa3aHHBIA Ha PUCYH-
ke 1.1 (b). Mni roBopum, uto Heuto, u3obpaxeHnoe Ha pucynke 1.1 (b), npeacrasisier
cob0i1 «IMCKPETHYIO> BEPCHK) HETIPEPLIBHOTO CUIHAJA, 110KAa3aHHOTO Ha pucyHke 1.1 (a).
He3zasucumast nepeMennasi ¢ B (1-1) u Ha pucyske 1.1 (a) HenpepbiHa, Hesasucumas
undexcHas nepeMeHHasi n Ha pucyHke 1.1 (b) auckperHa u MOXeT NPUHMUMATDb TOJBKO
1es1ble 3HaueHHs. To ecTh MHIEKC 7 UCTIOIB3YeTCs AJIS MACHTUDUKALIUY OTAEIbHBIX dJIe-
MEHTOB JIMCKPETHOM 110c/Ie0BaTebHOCTH Ha pucyHke 1.1 (b).

He nmoaaaBaiitech cob6sa3Hy CoeAMHUTH TOYKH THHUsIMH Ha pucyHke 1.1 (b). ITo ka-
KOIi-TO IprUYHHe oAU (0COOEHHO HHKEHEPBI, UMEIOIIHE OIBIT pabOTHI C HENPEPHIBHBI-
MH CHUTHAJIaMH) CTPEMSTCS COeAMHHTD TOYKH NPSMBIMHU JIMHUSIMH WU CTYTIEHYaTON
KpUBOH, nokaszaHHOM Ha pucyHke 1.1 (¢). He nonazaiite B 3Ty ¢ BUy HEBUHHYIO JIO-
Byniky. CoeiMHUB TOYKY JIMHUSIMHU, BB MOXKETE Ie30PUEHTHPOBATh HOBUYKA, 3ACTaBUB
ero 3a06bITh, YTO MTOCIE0BATENBHOCTD X(7) IPeACTaBasieT co6oM BCEro Inmb Habop uu-
cest v Goabiiie Huyero. [lomuuTe, 4TO X(1) — AUCKPETHASA MOCIEA0BATENBHOCTD OT/AE/b-
HBIX 3HAUEHHH, U KaXK0e 3HaYeHHe n300pakaeTcs Kak OT/esibHasA ToukKa. [leso He B
TOM, YTO Mbl He 3HaeM, 4TO JIEXKUT MEX/TY STUMH TOYKaMH, a IEJIO B TOM, YTO MEX/y 3TH-
MU TOYKAMHU HUUEZO HEM.

MEI MoXeM YCHIUTD 3TO NpeCTaBIeHHe JUCKPETHOI 110C/Ie0BATEIBHOCTH, U300-
paxkeHHo# Ha pucyHke 1.1 (b), 3anucaB 3TH AUCKPETHBIE 3HAYEHUSA B CIIELYIOLIEM BHE:

x(0)=0 (1-e 3Ha4YeHune nocnenoBarenbHOCTH, Haekc n = 0)
x(1)=0.31 (2-e 3HaYeHne nocnenoBaTensLHOCTU, HAEKc N = 1)
x(2)=0.59 (3-e 3HayeHne NocnenoBaTenbHOCTH, UHAEKC N = 2)
x(3)=0.81 (4-e 3HayeHwe nocnefoBaTeNbHOCTHU, HAEKC Nt = 3)

v Tak nanee, (1-2)

TJC 71 IPe/ICTABAACT IeJIOYMCIeHHYIO I0CTeI0BAaTeIbHOCTh BpeMeHHoro uHaekca 0, 1,
2,3 4 T. 1, at,— HEKOTOPbIH IIOCTOSAHHBII MHTEPBa BpeMeli. ITH 3HaUeHUsI OTCUETOB
MOHO 1Pe/ICTABUTh KPATKO H BCE CPa3y C MOMOIIbIO INCKPETHOTO BhipakeHHUs

x(n) = sin(2n f, nt,) (1-3)

(3mech Toxe apryMeHT 27 f, nt 1IpeACTaBIsieT cO60 yro1, u3MepsieMblii B pajMatax.)
OO6paTtuTe BIIMMaHHe HA TO, UTO 3HAYeH s nHAeKca 1 B (1-2) naunHaloresa ¢ 0, auec 1.
B 3TOM 11eT HUKaKoro 0co60T0 CMbIC/Ia; ePBbIM 3HAYE I MeM C TAKHUM XKe YCIIeXOM MOLJIa
ObITb Y eJMHMIIA, HO Mbl HAUWHAEM OTCYET MH/EKCA 1 C HYJIS 110 IPHBBIYKE, IOTOMY
YTO, HOCTYTIAsl TaK, MBI TOJyYaeM BO3MOXKHOCTh OTIUCHIBATh CHHYCOUAANbHBII CUrHA,
HAuMHAs C HyJIeBOro MoMeHTa BpeMeHM. [lepemennast x(n) B (1-3) unraercs KaK «x oT
n>. Ypasaenus (1-1) u (1-3) oIUCHIBAIOT TO, YTO HA3bIBAETCS CUZHANIAMU B0 BPEMEHHOU
obaracmu, 110TOMY YTO He3aBUCHMble TIEPpEMEHHbIE, HempepbiBHOE BpeMsi ¢ B (1-1) u 3Ha-
YEHUsI IMCKPETHOTO BPEMEHH N, UCTIONIb3yeMble B ( 1-3), ABNAIOTCA MepaMK BPEMEHH.
Y cBouB 1oHSITHE ANCKPETHOTO CUTHAJIA, MBI MOYKEM CKa3aTh, YTO AMCKPETHAsI CHC-
TeMa lipedcTaniisieT co6oil Habop aNNapaTypHbIX KOMIIOHEHTOB WM 1IPOTPaMMIIbIX
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IPOLEAYP, KOTOPBIE BHIIOMHSIIOT HEKOTOPHIE OlI€PALUY HAJl AUCKPETHBIMY CUTHAJIAMMU.
Hanpumep, [ucKpeTHast CUCTEMA MOXKET IIPEACTaBIISITh COOOM IpoLecc, KOTOPbI Bbl-
JIaeT BBIXOAHYIO TocseaoBaTesibHocTh ¥(0), y( 1), y(2) u T. 1., KorZa Ha ero BXOJA OCTY-
naeT JUCKPEeTHAs BXOAHAad mocaenoBateabHocTb x(0), x(1), x(2) u 1. 2., KaK II0Ka3aHO
Ha pucyHke 1.2 (a). CHOBa, 4TO6BI clies1aTh Haly 0603HAYEH S KDATKUMU ¥ COXPAHUTD
KOHTPOJIb Ha/l MHANBU/Y aJIbHBIMH 3JIeMeHTaMH BXOJHOM U BEIXOJHOH OC/IeA0BATENb-
HOCTE, Mbl NCIIOJI3YEM COKpAllleHHble 0003HaueHu s, IOKasaHHbie Ha pucyike 1.2 (b),
TZIC 7 IPCACTABISCT COOOH Les1ounceniyio nocaeqopareabHocts 0, 1,2, 3 u . 1. Ta-
KUM 06pa3oM, x(n) 1 y(n) ABasioTcst 0600IEHHBIMU TePEMEHHBIMU, KOTOPBIE 000-
3HAYaloT [Be pasibie MoCJAeA0BaTeIbHOCTH yuce. Pucynok 1.2 (b) nossossier Ham
OIIMCBHIBATh BBIXOJ CHCTEMBI IPOCTHIMHU BBIPRLKEHUSIMHU, TAKUMU KaK

y(n) =2x(n) — 1 (1-4)

Jaa unmoctpaunu ypaBuenusi (1-4) paccMorpuM ciydait, korga x(n) sipasieTcsa
110CJI€A0BATE/IbHOCTbIO U3 NATH 371eMeHTOB: X(0) = 1, x(1) =3, x(2) =5, x(3) =7n
x(4) = 9. B a10M cayuae y(n) TakxKe COLCPKUT UsThb djiementos y(0) = 1, y(1) =5,
y(2)=29,y(3)=13uy(4) = 17.

x(0), x(1), x(2), x(3), . .. ¥(0), (1), ¥(2), ¥(3), ...

[uckpeTtHas
» cuctema »

(a)

HAuckperHas

cucrema y(n)

(b) x(n) ——

Puc. 1.2. [Mpu noaade Ha BXOA AUCKPETHOM CUCTEMbI CUFHANIA CUCTEMA BblAAET BbIXOA-
HOW curHan: (a) BXOOHO 1 BbIXOAHOW CUrHasibl NpeacTaBnsiorT cobon nocne-
[0BaTEbHOCTY OTAENbHbIX 3Ha4YeHui; (b) BXOAHOM M BbIXOOHOW CUrHanbi
obo3HavalTca Kak x(n) u y(n)

DyHAaMeHTaJIbHOE Pa3JiMyue B TIPeACTaBIeHUU BpeMEHH B HEIIPePhIBHbIX U IUCK-
PETHBIX CHCTEMAX IIPHBOJAUT K OY€Hb BAKHOMY Pa3IMYUIO B TOM, KaK IIPEICTaBIAeTCs
4aCTOTa B HEIIPEPHIBHBIX U B IMCKPETHHIX cucTeMax. UTOObBI TOKA3aTh 3TO, PACCMOTPHM
HepephIBHbIA CHHY COMIaIbHbIM cUTHAM Ha pucyHke 1.1 (a). Ecsiu 661 oH nipeacTaBisi
HalpsKeHHe MeXIY ABYMS HPOBOJAAMH, Mbl MOIJIM ObI U3MEPHTH €TI0 YacTOTY, I10/1AB
€ro Ha BXO/] OCHMJIJIOCKOIIa, aHAIN3aTOpa CIIeKTpa UK YactoTomepa. OnHako eciiv 6b1
HaM JaJI TOCAeI0BATENbIOCTD 3IIa4el i, oToOHyI0 npuseaeHHoH B (1-2), u nonpo-
CHJIU OIIpeesIUTh YacTOTy CHUTHAJA, KOTOPHI NMpeACTaBisAeTCA 3TUMH YHC/IaMU, Mbl
CTOJKHYJIUCH ObL ¢ 1pobieMoid. Mbl ocTpousy 6bi rpaduK ITHX AUCKPETHBIX 3Have-
M4, Mbl PacliO3Hagu Obl Ha 9TOM rpaduKe OJHH MEPHOA CUHYCA, KAK HA PUCYH-
Ke 1.1 (b). Tenepb Mbl MOXEM CKa3aTh, YTO CHI'HAJ IOBTOPsieTCA Kaxabie 20 0TCUeTOB,
HO y Hac HeT HUKAKOro Cnocoba ONpeaeuTh TOYHOe 3HaYeHUe YaCTOThI TOJIBKO I10 U-
CKpETHBIM OTcYeTaM. BO3MOKHO, BBI YK€ 0Ta/IaluCh, Kyaa s Bely. Eciu 61 Mbl 3HAH
MHTEPBAJI BpEMEHH MEXKY OTCYeTaMU — MEePUOA AUCKPETU3AIMH b, — Mbl MOLJIH ObI
OTIpeIesINTh A6COMIOTHYIO YaCTOTY AUCKPETHOTO CHHYCOUAATBHOTO CUTHATA.



26 Mnasa 1. QnuckpeTHble NocnenoBaTeibHOCT 1 CUCTeMb]

Ecnu nepuos aAnckpeTusanuu t, cocTapisieT, ckaxkeM, 0.05 MHLTMCEKYHIbI/OTCYET,
Nepuoj CHHYCOUJIATbHOTO CUTHAJIA PaBeH

llepuod cunycoudanvroeo cuenanra =
= (20 omcuemos/nepuod) * (0.05 murnucexynoot/ omcuem)
= 1 Murnucexynoa (1-5)

Tax xak yacToTa CMHYCOMIAJIBHOrO CUTHAIA 0OPATHA €r0 MIePUO/LY, Mbl TENIEPh 3HA-
eM, YTO abCOMIOTHAS YacTOTa CMHYCOMAANBHOTO CUTHaMa cocTaiseT 1/(1 mc) wru
1 xI'n. C apyroit cTopoHsI, eciut ObI MBI YCTAHOBWJIM, YTO NEPUON AUCKPETU3ALMHU B
AEeHCTBUTEIbHOCTH PaBeH 2 MUJIMCEKYHAAM, TUCKPETHBIE OTcYeThl Ha pucyHke 1.1 (b)
TIpelCTaBJIsLIN OBl CHHYCOU/IA/IbHBIN CUTHAL, IEPUOJ KOTOPOTO paBeH 40 MUJLTMCEKYH-
AaMm, ayacrora — 25 ['m. BaxkHo 371€Chb TO, 4TO B IMCKPETHBIX CHCTEMAX aOCOMIOTHOE 3Ha-
yenue 4actoTel B Il 3aBHCUT OT 4acToTel AucKperusauuu f,=17/t. Ham npuzercs
BCIIOMMHATH 00 3TOIT 3aBUCHMOCTH Ha MPOTSDKEHUH BCEH OCTaBIIEMCA YACTH KHUTH.

B 11 poBoit 06paboTke CHrHajIoB 4acTo ObIBaeT HEOOXOAMMO OIUCATh YACTOTHBII
COCTaB IHCKPETHBIX CHrHa1oB. Korzaa Mel fejiaeM 9T0, TaKoe YaCTOTHOE PE/ICTaBIeHHE
UMeeT MeCTO B TaK Ha3bIBaeMoU yacmommnoi obracmu. B kadecTBe IpuMepa BO3bMeEM
AVICKPETHYIO CHHYCOMJA/IbHYIO [OCIEA0BATENBHOCTD X4 (71) C IPOM3BOJILHOM YacTOTOM
f,, T'11, KaK 1okasaHo B JIeBoM YacTH pucyHka 1.3 (a). Mbl MOXeM TakKe OIMCATh CUTHA
%4 (n) TaK, Kak IOKa3aHo B PaBoi YacTy pucyHka 1.3 (a), oKa3as, YTO OH COAEPHKHT
yacToTy 1 B efMHMIAX f, ¥ HUKAKUX JPYTHX YACTOT. XOTs Mbl Ceifuac Ha 3TOM He 3afiep-
XKHUMCSI, 0OpaTHTe BHUMaHHUe Ha TO, 4TO TPEACTaBJIEHUS B YaCTOTHOM 06JacTy Ha pu-
cyHKe 1.3 caMM SABJISIIOTCS IUCKPETHBIMU.

YT06b! NPOHILTIOCTPUPOBATD HALIN TIPE/ICTABJIEHUS BO BPEMEHHOM M 4aCTOTHOM 06-
JacTsAX faJslire, Ha pucynke 1.3 (b) mokasaH Apyroii AUCKPETHBIH CUHYCONIAMbHBIA
CHUINal X, (), aMILIUTY 1A KoToporo paBHa 0.4, a yactora — 2f,, . JlucKpeTHbIe OTCYETHI
X, (1) BBIPAXKAIOTCS yPaBHCHHEM

xy(n) = 0.4 ¢ sin(2n 2f nt;) (1-6)

Koraa apa cuityconia/IbHBIX CHTHATA X (n) U X, (1) CKJIa/IbIBAIOTCA, aBasi HOBBIi

CUTHAN X, (1), €ro ypaBHeHUC BO BpeMeHHON 00JIacTU UMeeT BUJL:

Xoum(1) = x4(n) + x5(n) =sin(2n 2f nt;) + 0.4 * sin(2n 2f, nt,) 1-7)

a ero IpeACTaB/IeHUs] BO BPCMEHHOM M 4aCTOTHOM 006/IAaCTSIX MMEIOT BHJ, 110Ka3aHHBII
Ha pUCyHKe 1.3 (c). Pucynox 1.3 (¢) noMoract HaM HOHATb CMbICJI OTIHCAHUS B 4aCTOT-
1oit obnacti win citekrpa X, (m), nokassipas, 4to X, (1) COOEPXKHUT COCTABIISIO-
1Ly ¢ 4acToToi f, T ¥ cocTaBJIsIoN1y 10 TOHMKE N0 aMILTUTY AbI ¢ yacToToi 21, ',
O6patuTe BHUMaHUe Ha TP ocobeHHOCTH pucyKa 1.3. Bo-nepBsix, 1151 0603Have-
HUSI BpEMEHHbIX [I0CIEX0BATENbHOCTEN UCTIOMB3YIOTCS CTPOYHbIE OYKBBI, HATIpUMep,
"x"Bx;(n),a3arnaBHble 6YKBbI HCIOJB3YIOTCSI 71t 0G03HAYEHMSI [IEPEMEHHBIX YaCTOT-
Hoit obs1actu, HanipuMep, "X "B X, (m). 3anuch X, (m) 4NTAETCS KAK «CNEKTPaibHAase
IIOC/ICAOBATEIBHOCTD UKC OJUH OT 3M». BO-BTOPHIX, T. K. IIpe/ICTaBJIEHHEe BPEMEHHOM
TTOC/Ie/IOBATEJIHOCTH X 4 (1) B YaCTOTHOI 06nact X, (m) B CBOIO 04epesb SIBIISETCSI 10~
CJIe0BaTENBHOCTHIO (HAGOPOM YHCeJT ), MBI UCITOJIb3YEM MHAEKC "M " 1151 OTCJeKUBAHUSA
OTZAEJIbHBIX 3JIEMEHTOB B X ; (). MOXHO 11epeyncsATh 4IeHbl I0CIeA0BaTEIbHOCTEN B
4aCTOTHOM 06J1aCTH TOYIIO TaK e, KAK Mbl 3TO eJIaJIH C YJIEHAMU BPEMEHHOH 10Ce/10-

BarenbHocTH B (1-2). Hannpumep, X, (m) 3anuceiBaeTcs B BUsie CIIMCKa 3HAYeHUH KaK
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Xsum (0)=0 (1-e 3HaueHne X, . (M), uipexc m =0)

Xsum (1) =1.0 (2-e sHaueHne X .. (M), nHpeke m = 1)

Xsum (2)=0.4 (3-e 3Havenne X, (M), nipexkc m =2)

Xsum (3)=0 (4-e 3HaqeHne Xy, (M), nnaekc m = 3)
v Tak panee,

TIC MHEKC YaCTOTbI M MPeCTaBJsieT coO0M 11eJIOUUCACINYIO TIOCACA0BATeabHOCTD 0,
1,2, 3 1 T. 0. B-TpeTbuX, T. K. CHIIYCOMAAJIbIIbIe CUTHAJIBI B X4 (1) + X5 (1) UMEIOT PaB-
HbIH HYJIIO (Pa30BBIH CABUT OTHOCHTEJIBHO APYT ApYLa, HaM Het neobxoauMocTH bec-
110KOUTHCS 06 H306paxkeHnd HasoBbIX COOTHOMECHUH B X, (m) Ha pucyHke 1.3 (c).
B o6uiemM ciryuae, 0/1HaKo, hasoBbie COOTIIONIEHUS B YaCTOTHOM 06/1aCTH UMEIOT HoJIb-
1110€e 3HaYeHMe, U Mbl IIOTOBOPUM Ha 9Ty TEMY B IJlaBax 3 u 5.

x,(n) BO BpPeMeHHOH oBnacTu
X y(m) B vacToTHON oBnacTv

! l'.“'-r
w | | 1 n
0.5 - i
= -
u n 20 25 30 05
(8) O W B -
5 10 5. » Bpewms (n . b Y
~ - o3 . Hacn;
0.5 . - a 0 £ 2f, 3f 4f, 5
- -
LIS
-1 P w™

X,(n) BO BpemexHou obnactu , X,(m) 8 yaCTOTHOA obnacTu
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Xyn{?) BO BpEMEHHON OBNACTH

15 X gum{/m) 8 YactoTHon obnactu
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Puc. 1.3. [paduyeckve npeacTaBneHNs BO BPEMEHHOR 1 4acToTHo obnacTax: (a) cu-
HYCOWAANLHbLIA CUrHaN 4acToTow f,; (b) cuHyconaansHbI CMrHan NOHWXKEH-
HOW aMNAUTYAbI C 4acToToM 2f,; (C) CymMMa Nepsbix ABYX CUrHANOB

KitroueBbIM MOMEHTOM, O KOTOPOM HYKHO IIOMHUTD, SIBJISIETCS] TO, YTO Mbl Tellepb
3HaeM TPU SKBUBAJEHTHBIX COCO6A ONMCAHKUA AUCKPETHBIX CUTHAIOB. MaTeMaTHye-
CKH MBI MOXeM HCII0JIb30BaTh ypaBHeHHue BO BpeMeHioi obacty, Hanoao6Gue (1-6).
Kpome Toro, Mbl MoxkeM MPE/CTABAATH CUIHAI BO BpeMeHHO# oOnacTu rpaduyecky,
KaK Mbl IeJIajI 9TO B JIEBOM YacTH pucyilka 1.3, a Takyke Mbl MOXeM H300pa3uTb COOT-
BETCTBYIOIME CUFHAY JIUCKPETHBIE 3KBUBAJIEHThI B YaCTOTHOM 00JIaCTH, KaK B IIpaBoit
YacTH pucyHKa 1.3.
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Kak okasbiBaeTcs, AMCKPeTHBIE CUTHAJIBI BO BpEMEHHOM 061aCTH, KOTOPBIMH MBI 3a-
HUMaeMCsl, KBaHTOBaHbI He TOJIBKO 10 BDEMEHMU, HX MTHOBEHHbIE 3Ha4eHUs TOKe KBaH-
ToBaHbl. Tak Kak MbI IPeICTaB/IsIEM BCE YMCIEHHbIE 3HAYE€HUS IBOMYHBIMH YHUCIIAMH,
paspeniaonias CIOCOOHOCTb WM IPaHyJIAPHOCTh NPeACTaBI€HUs 3HAYEHUH JUCK-
PETHBIX YMCEJI OTPaHHYeHA. XOTS KBAHTOBAHUE MTHOBEHHbIX 3HAYEHHUIH MOKeT ObITh
Ba)XXHbIM MOMEHTOM — MbI PaCCMaTpHBaeM €ro B I71aBe 12 — Mbl moKa He Gyzaem bectio-
KOUTBCSI O HEM.

1.2. MrHoBeHHble 3Ha4YeHus, aMIuTyaa
U MOLLHOCTb CUrHana

Onpenenum iBa BaXKHBIX TePMIHA, KOTOPbIE Mbl 6y/1€M HCIIOIB30BATh Ha MPOTSIKE-
HUM BCeH KHUTH: MTHOBEHHOE 3HAYEHHE U aMILTHTY 2. He ynusurenbho, yto asis aue-
TaHTa 3TH TePMHHBI OOBIYHO €260 pasiMuuMbl. B MHXKeHepHOM Jesle OHH, OZHAKO,
0603HaYaIOT [Ba Pa3HBIX IIOHSTHSI, U Mbl JIOJDKHBI BBIICHUTb STy pasHuIly. MTHOBEHHOe
3HAYEHHE [IEPEMEHHOM — 3TO Mepa TOro, Ha KaKy0 BEJIMYMHY U B KAKOM HAIIPaBJIEHUH 11e-
peMeHHast OTKJIOHseTCs: OT HyJiA. TakuM 06pa3oM, MTHOBEHHbIE 3HAYEHHUS! CUTHAJIA MOTYT
OBITh KaK MOJIOXKHUTEBHBIMH, TAK M OTPULIATEbHLIMU. BpeMeHHbie M0c/1e0BaTeIbHOCTH
Ha puCyHKe 1.3 1eMOHCTPHPOBaIY MTHOBEHHbIE 3HAYeHUs] OTCYETOB JJIsA TPeX Pa3HbIX
curHanoB. O6paryTe BHUMaHHE HA TO, YTO OJIHM MTHOBEHHbIE 3HAUYEHUSI IT0JI0KUTE IbHBL,
a Ipyrve — OTpULaTe/IbHBL

Monyns nepemeHHOR — 3TO Mepa TOro, HACKOJAbKO €€ 3HaYeHHMe OTIMYaeTCsl OT
HyJIsl HE3aBUCHMO OT HanpaBJieHus OTKJIoHeHH:. Takum o6pa3oM, MOLYJIb CUTHAIA
Bceraa nojoxurened. Ha pucynke 1.4 nokasano, uto Moxyb x, (n) ¢ pucyuka 1.3 (a)
paBeH MTHOBEHHOMY 3HA4E€HHIO, HO 3HAK eT0 BCer/ia NooXuTeabHbIi, s obo3uaye-
HUS MOZYJIs1 x4 (1) MBI HCIIOJIb3YeEM | x4 (n)|. UHOrAa B AuTepaType 110 111 poBoii 06-
paloTKe CUrHAJOB BMECTO TePMUHAa MOOYAb yHOTpebNsACTCS TepMHH abcoaomuoe
sHauenue. AmMnaumydod CUrHaJIa HAa3bLIBAETCS. MOLYJTh HAMOObLICTO €r0 OTKJIOHCHHS
OT HYJIs, C/1€A0BATEABHO, AMILATNTY1a BCEI A MOJOXKHTENbHA.

AL
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Puc. 1.4. OrtcueTbl MOayna |x, (n)| curnana, nokasaHHOro Ha pucyHke 1.3 (a)

Korza Mbl M3yyaeM cUrHa/bl B YaCTOTHO#M 06J1aCTH, HAC 4acTO HHTEpecyeT ypo-
B€Hb MOUIHOCTH 3THX CUTHaJ0B. MOUIIIOCTh CHIHAJIA TTPOIIOPIMOHATBIIA KBAAPATY

1 : o .
KoHeyHo, Moz AMICTAHTAMM MBI 1IOHMMAEM <«APYrHX Jodeii». [l uHxkcHepa Heitpoxupypr
ABAACTCA AMJIETAaHTOM. /115t HOHPOXUpPYpra HHXCHED ABJISICTCH UACTAHTOM.
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ero aMILInTy/ b, ECiu MBI IpeaonoxuM, 4To Koa(ppuIiueHT IPONOPLHHOHAILHOCTH
paBeH 1, MBI MOEM BBIPa3UTh MOIIHOCTD I10CJIEZIOBAaTEIBHOCTH BO BpeMEHHON UK
4aCTOTHOM 06JACTH KaK
Xy (1) = 2(m)? = | 2(m) | (1-8)
I
X (m) = X(m)? = | X(m)|? (1-8)

Odenb 4acTo HaM TpebyeTCs 3HATH Pa3HHUILY YPOBHE MOIITHOCTH IBYX CUTHAJIOB B Ya-
cToTHOH obacTu. M3-3a KBaApPaTUYHON 3aBUCUMOCTH MOIIHOCTH OT aMILIMTYZbI ABa
curHaza ¢ HeGoJIbIIOH PasHOCTBIO aMILIUTY Gy/IyT UMETh TOpa3ao GOMbIIYI0 PA3HOCTD
momHocreil. Ha pucynke 1.3, HanpuMep, aMIinTy1a curiana x, (n) B 2.5 paza 6osbine
aMILINTYbl CUTHAIA X (71), 2 €70 MOIIHOCTB B 6.25 pa3 G0IbIITe MOIITHOCTH X, (7). ITO
NOKa3aHo Ha pUCyHKe 1.5, rie rokasaHsl 1 aMILUIUTYJa, ¥ MOIHOCTb X, (m). -

mMoaynb X,,.(m)

ur MOLHOCTb X, (M)
B YacToTHow obnactyv

B YacTOTHOW o6nacTtu

1 S 1 =
0.5 . w04 0.5
- 0.16
0 W — W —W— 0 M— N —
0 f, 2f, 3f, 4f, 5f, ~ YacToTa 0 f, 2f, 3f, 4f, 5f, Hacrota

Puc. 1.5. Mogynb 1 MOWHOCTL curHana Xg,,,, (1) (prucyHok 1.3 (€)) B 4acToTHOW o6nacTu

Ha rpadyikax MOLIIHOCTH H3-32 €€ KBaIPATUYHO IPUPO/BI YaCTO IIPHXOAUTCS 0TOOpa-
aTb B OHOM CUCTEME KOOPAUHAT KaK O4eHb OOJIbIINE, TAK U OYeHb MaTeHbKYe 3HAUEeHHSL.
Yro6b1 006IEMYUTD MOCTPOEHNE ¥ BOCTIPUSITHE TAaKUX IPacHKOB, CIIEHMATHUCTE Y4aCToO
MCHOJIB3YIOT 3HaYEHMUsI, BbIPAXKEHHBIE B [elubeax, Kak OIUCaHo B npuitoxenun E.

1.3. YcnoBHbie 0603Ha4YeHUs onepauvmn
00paboTKu curHanos

Jlns1 rpaduUecKoro n3o6paxeHus peanusanyu onepauuil g poBoi 06paboTku
CHUTHAJIOB MbI OY/I€EM MCII0Ib30BaTh BJI0K-CXeMbL. JTH OI0K-CXeMbI OYAYT COIepKaTh
Habop 6a30BBIX YCIOBHBIX 0003HAYEHHI OCHOBHBIX Ollepaluii, HanboJee ynorpebu-
TeJIbHBIE M3 KOTOPBIX MIOKA3aHbI ¥ OPE/eJIeHbl MaTeMaTU4eCKH Ha pUcyHKe 1.6.

Ha pucynke 1.6 (a) moka3aHo 1103JIEMEHTHOE CIOXKEHHE ABYX JUCKPETHBIX IIOCJIe-
JOBAaTEJIbHOCTEH, B pe3yJibTaTe KOTOPOTO 06pa3yercsi HOBasi II0CAeI0BATEIbHOCTD. .
Ecau 3HayeHust uHAEKCa BpEMEHU 7 Halllell IToCIe/[0BaTeIbHOCTH HauuHAIOTCA ¢ 0, MbI
TOBOPHM, YTO TIEPBOE 3HAYEHHE BEIXOHOH ITOC/IEI0BATEIbHOCTH PABHO CYMME LIEPBOro
5JIEMEHTA IIOCIEeA0BATENbHOCTH b ¥ IEPBOrO 3JieMEHTA MOCIeIOBAaTeNIbHOCTH €, UJIU
a(0) = b(0) + c(0). CooTBeTCTBEHHO, BTOPOE 3HAUeHHEe BBIXOTHOH I10CKe/10BaTeIbHO-
CTH PaBHO CyMMe BTOPOTO 3JIEMEHTA 1TOCIEeI0BATEIbHOCTH b ¥ BTOPOTO 3JIeMeHTa I10-
cienoBaTeabHOCTH ¢, uian a(1) = b(1) + ¢(7). Ypasuenue (1-7) gaer Ham npumep
CJIOXKEHUs IBYX IocjeoBaTenbHocTell. Oneparysi BIYUTa KA, IOKa3aHHas Ha pUCYH-
ke 1.6 (b) renepupyeT BHIXOIHYIO MOCAEAOBATENBLHOCTD, KOTOPAst IPEACTABIISIET COOOM
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MO3JIEMEHTHYIO Pa3HOCTD JBYX BXOJHBIX MOCHeAOBaTeNbHOCTEH., IHOTMA Mbl JOJIKHBI
BBIYHC/IATD 3IEMEHTHI HOBOH MOC/IeI0BATeIbHOCTH, KOTOPBIE SIBJISIIOTCS CyMMOH Goiee
yeM JIBYX 3Ha4YeHHMI. JTa onepanus, NoKa3aHHas Ha pUcyHKe 1.6 (c), Ha3bIBaeTCsA CyM-
MMPOBaHMEM U BCTpeYaeTCs OYeHb 4acTo B i poBoit o6paboTke curnanos. O6paTure
BHHUMaHMe Ha TO, 4YTO BePXHee U HIKHee 3HaUeHUs MHAEKCAa CyMMUPOBAHUS R B BoIpa-
XeHuM Ha pucyHKe 1.6 (C) TOYHO YKa3bIBAIOT HaM, KaKHe 3JIEMEHTHI II0C/Ie10BaTENbHO-
¢TH b He06XOAMMO CIIOXKHUTD, YTOOBI NIOJTy4UTh TpebyeMoe 3Hauenne a(n). Tak Kak Mbl
GyzneM BCTpeyaTh OIlepaliMio CYMMUPOBAHHsI OY€Hb YACTO, FaBaiiTe y6equMcs B TOM,
YTO Mbl IIPaBHJIBHO NTOHSIN ee 0603HaYeHue. Eciii Mbl [I0BTOPUM ypaBHEHHE OIlepallui
CYMMHUPOBAaHUSI 3/1€Ch, MBI TOJTYYUM

n+3
a(n) = Zb(k) (1-9)
k=n
CymmaTop:
@ b(n) ——?—> a(n) a(n) = b(n) + c(n)
c(m)
Bbiuurartens:

b(n) " a(n) a{n)y=b(n) - c(n)
{b) -

b{(n) CymmMupoBaHue:
b(A+1) = 3
(c) a(n) a(n) =Zb(k) = b(n) + b(n+1) + b(n+2) + b(n+3)
b(n+2) ——-/ k=n
b(n+3) —

YMHOXeHue:
b(n) a(n) a(n) = b(n)c(n) = b(n)-c(n)
(d) [MHoraa ans 0603HAYEHUS! YMHOXeHUS
Mbl UCNOMNb3YeM 3HaK -]

EavHuuHan aanepkka:
s0) g | = a0

(e) a(n) = b(n-1)
b(n) 2z a(n)

Puc. 1.6. TepmuHbl U yCNOBHbIE 0603HA4YEHUs, UCNoNb3yeMble 8 6nok-cxemax Lngppo-
BoW 06paboTKU CUrHanos
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ITO 3HAYUT, YTO:

npu n = 0, aekc k npuHUMaeT 3HaveHus ot 0 Ao 3, Tak 4To
a(0) =b(0) + b(1) +b(2) + b(3)

npu n = 1, HOEKC k NPUHUMAET 3Ha4eHns oT 1 no 4, Tak yuTo
a(1)=b(1) +b(2) + b(3) + b(4)

npu n = 2, KHAEKC K NPUHUMAET 3Ha4YEeHUs 0T 2 A0 5, TaK HTO
a(2) = b(2) + b(3) + b(4) + b(5)

npu n = 3, tHaekc k NpUHUMAET 3Ha4eHus oT 3 0o 6, Tak YTo
a(3) = b(3) + b(4) + b(5) + b(6)

¥ Tak panee. (1-10)

M b1 HauHEM UCTIOIL30BATh OlIEPALIMIO CYMMIUPOBAIIUA BCEPbe3, Koraa Mbl Oyaem 00-
cyxaaTth nudpossle GUILTPH B I1ane 5.

YMHOXenue IBYX NOCTEN0BATENbHOCTCH 1I0KA3aH0 CUMBOJIYecKH Ha prcyrke 1.6 (d).
YMHOXEHUC FCHCPUPYET BHIXOAHYIO MOCTIE0BATENBHOCTD, KOTOPasl ABAAETCA 103~
JIEMEHTHbIM [IPOU3BEIEHMEM IBYX BXOIHBIX TocaeA0oBaTeasnocTeit: a(0) = b(0)c(0),
a(1) = b(1)c(1) u tak aanee. Ilocnenuss 6asosas onepaiysi, KOTOPYIO Mbi OyaeM uc-
II0JIb30BaTh, Ha pUCYHKe 1.6 (e) HasbiBaercs edunuunol s3adepxckol. TIoCKOMbKY B
NaHHBI MOMEHT y Hac HeT HeoOXOAUMOCTH YOeXKIAThCS B €€ BaXKHOCTH, MBI [IPOCTO
CKa)keM, YTO CUMBOJI € IMHUYHOMN 3a1epKKK 0003HAYAET OTIepALIHIO, B pe3yJIbTaTe KO-
TOPOH BBIXOJIHAS MOCIEI0BATEIBHOCTD a(7) PaBHA 3aieP>KaHHON BXOJHOM 1OC/Ie/10-
BaTenbHocTu b(n). Hanpumep, a(5) = b(4), a(6) = b(5), a(7) = b(6) n 1. 1. Kak MbI
YBUIUM B [JiaBe 6, 6;1aroiapst MaTeMaTH4YeCKUM METO/IaM, UCIIO/Ib3yeMbIM JJIs aHaJIH-
3a IUPPOBHIX PUIBTPOB, eAUHUYHAS 3a/JePKKA 4acTO 0003HAYAETCS KaK zf".

CHUMBOJIbI Ha PUCYHKe 1.6 HAIIOMMHAIOT HaM O IBYX acHeKTax 1indpoBoit 06paboTku
CUTHAJIOB. T1epBHI 3aKII04aeTCs B TOM, UTO OIIEPAllMH BCera BBIIONHAIOTCS Hal IO-
CJIeIOBATEILHOCTSIMU OT/IEIBHBIX 3HAYEHUI, 2 BTOPOH — B TOM, UTO 3JICMECHTapHbIE
oIepanuy caMy 1o cebe o4eHb MPOCTHL. Y 4TO MHTEPeCHO, Kak Obl CJIOXKHO HU BBITJIS-
A€M aaropurMbl NudpoBoil 06pabOTKH CUTHAJIOB, MOAaBJsONIee GOJIBIIMHCTBO X
MOKHO Peaii30BaTh, MCIOJB3Ysl KOMOMHAIIMY ITHX NPOCTBIX onepanuil. Ecau Mbl
npeacTaBuM cebe HEKOTOPbIH anropuT™M LUGPOBOil 06PadOTKH CHTHAJIOB KaK PELellT,
TO yCJIOBHBIE 0603HaUY€eH NS Ha pUCYHKe 1.6 — 9TO MHTPeIUeHTHI.

1.4. BBepeHue B AUCKpPETHbIE IHeHbIe
MHBapUWUaHTHbIE BO BPEMEHU CUCTEMDI

IpusepKUBAsCH TPAMIIMN, MBI 7l4€M BBeJcHHe B JIMHEHHble MHBapUaHTHBIE BO
Bpemenu (JIB) cuctemsl B caMmoM Hauasie 310l KHuru. Xors nounmadue JIMB-cuc-
TEM HECYIECTBEHHO /sl U3Y4YeHHUs CJIeAYIOIINX TPeX IJIaB, IIPH U3y4eHHU HHPPOBHIX
(PUIBTPOB Mbi Oy IEM OIIUPATHCA HA CTPOIYE OTIPE/IEIEHU s JIMHEIMHOCTH I HHBAPDHAHTHO-
CTH BO BpeMeHH. MBI IOJKHBI PaCIO3HABATD U MOHMMATh IIOHATHSA THHEHHOCTH U NHBa-
PUAHTHOCTH BO BPEMEHH HE TOJIBKO 1I0TOMY, YTO OTPOMHOE GOJIBLINHCTBO AUCKPETHBIX
CUCTeM, MCIIOJIb3YEeMbIX Ha TIpaKTHKe, siBJsiforest JIMB-cucteMamy, HO M IIOTOMY, YTO
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JINB-cucreMsl oueHb yoOHBI 171 aHAJIM3a. ITO XOPOIIIasi HOBOCTb /IS HAC, [IOTOMY YTO
MbI MOXKEM MCII0/Ab30BATh IPOCTHIE METO/ABI AJIsI IPEACKA3aHMS XapaKTEPUCTUK JII060#H
cxeMbl 1M poBOil 06pabOTKM CUTHAJIOB, €CJIU TOJIBKO OHA IMHEHHA ¥ HHBAPUAHTHA BO
BpeMeHH. Tak Kak TUHEWHOCTh U UHBADUAHTHOCTh BO BpeMeHU — JIBE O4€Hb Ba)KHbIE
XapaKTepUCTUKU CUCTEM, UMeIoLIre 0COObIE CBOMCTBA, MBI OOCYAMM HMX B CJAELYIOIUX
paszenax.

1.5. AAuckpeTHble NINHeNnHble CUCTEeMbl

TepmuH nuHeitnast onpenesnsiet 0coObIi KJIace CUCTEM, BBIXOHON CUTHAJ KOTOPBIX
HpeacTaBisier COO0i CyTepO3ULUIO, MK CyMMY, OT/JEIbHBIX BBIXO/JHBIX CUTHAJIOB,
IIOJTyYeHHBIX IPH NI0JIade HA BXOJA CHUCTEMBI COCTABJISIIOIMX BXOAHOTO CHIHAJIA 110 OT-
ZenpHocTH. HanpuMmep, MbI MOXKeM CKa3aTh, YTO TIPH TI0JIaye Ha BXOJ CHCTEMBI CUTHAIA
x4 (n) MBI IOJIyYHM Ha BBIXOZiE ¥ ; (7). MOXKHO 0603HAYUTD STy CUTYALMIO CUMBOJIMYE-
CKH C TIOMOUIBIO CJIENYIONIETO BhIPaXKeHMsI:

x4 (n) BBI3BIBAET PEAKNHIO Y 4 (1) (1-11)

IIpu mozave Ha BXO/| APYTOTO CUTHAJIa X, (71) Mbl [IOJTy4UM Ha BHIXOJIe CUTHAIA Y o(71)
B COOTBETCTBUHU C

X, (n) BBI3BIBAET PEAKIHIO Y, (1) (1-12)

Yrobbl cucTeMa ObLia MHeRHa, HeOOXOAUMO, YTOOBI IIPH TI0Iaue Ha ee BXO[ CyMMBbI
x4(n) + x, (1) BBIXOAHOM CUTHAJ OBLIT CyMMON HHAMBU/YTbHBIX BHIXOAHBIX CUTHAJIOB,
TaK YTO

x4(n) + x,(n) BBI3BIBAET PEAKLUIO Y, (1) + Y, (1) (1-13)

KpoMe Toro, moHsITHe IMHEHHOCTH BKJIIOYaeT B ceOsi TAKOE CBOMCTBO KaK nponopui-
OHANBHOCMb. DTO 3HAUUT, YTO €CJIH BXOAHbIE CUTHATBI YMHOXAIOTCA Ha KoadpduumeH-
TBI €4 1 €y, TO COCTABJIAIOLLME BLIXOJHOM MOCA€I0BaTe/IbHOCTH TaKyKe YMHOXKAIOTCS] Ha
3TH e Koa(purumeHTl, T. €.

c1x4(n) + ¢cyx5(n) BBI3BIBAET PeaKUMIO €4y, (n) + Coy,(n)  (1-14)

B siuTepatype cBONCTBO 11POHOPIIMOHATBHOCTY HA3LIBAKOT TAKKE CBOUCIMEOM 20MO~
2eHHOCMY U OAHOPOAHOCTU. 3alIOMHHB BCE 3TO, POAEMOHCTPUPYEM MOHSATHE JTH-
HEeWHOCTH Ha TIpUMepeE.,

1.5.1. MNpumep nuHenHoh cucTembl

Yto6bI TPOAEMOHCTPUPOBATD IMHEHHOCTb CUCTEMBI, IIPEIIONI0KKM, 4YTO Mbl UMEEM
AUCKPETHYIO CUCTEMY, ITOKAa3aHHYIO Ha pucyHke 1.7 (a), BRIXOAHON CUTHAT KOTOPOM
onpeeaseTca Kak

y(n) = —x(n)/ 2 (1-15)

TO €CTb BBIXO/J{HAsI OCIE0BAaTENbHOCTD PABHA BXOLHOM, B35iTO ¢ 06paTHBIM 3HAKOM
Y C yMeHbUIeHHOMH B 2 pa3a amiiuTyzoi. Ecsm Mbl mogaiiM Ha BXOJ IOCJI€I0BATENb-
HOCTB X, (1), IpeACTaBIsIoULyI0 cO60H CHHYCOUAATbHBIN cUrHa ¢ yacroro#t 1 ', au-
CKPETH3UPOBaHHBIN ¢ 4acToTOH 32 oTcueTa Ha MEPHOJ, MBI TOJIYYUM BBIXOAHYIO
110Ce10BaTeIbHOCTD Y 4 (1), MoKasaHHyIo Ha pucyHke 1.7 (b). [paduk B npasoii vactu
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pucynka 1.7 (b) mpeacraBisieT 4acTOTHBI CHEKTP BBIXOAHOW HOC/EN0BATENBHOCTH
Y 1(n), KOTOPBbIH HOKA3bIBAET, YTO BBIXO/IHOM CUTHAJI COIEPIKUT eIMTHCTBEHHBIHN TOH C aM-
winTy ot —0.5 m yactoroii 1 ['w'. [{asee, nogaBasi BYXOXHYIO I10C/1€I0BAaTEIbHOCTD Xy (12),
IPeICTaBSIONLYI0 COO0M CHHYCOMIATBHBII CUTHAN YacToTod 3 I'li, Ha BhIXO/IE oIyYaeM
TIOCJIEI0BATEIBHOCTD Y5 (1), KK TI0Ka3aHO B 1eHTpe pucyhka 1.7 (¢). CriexTp BbIXOAHOM
TIOCIEN0BATEJBHOCTH ¥ (1), Y, (m), MOATBEPXIalomuil TPHCYTCTBHE €AUHCTBEHHOH CH-
HyCcoM/IBI ¢ yactoTolt 3 ', mokasaH B ipaBoii yacTu pucyHka 1.7 (¢). HakoHen — UMeHHO B
3TOT MOMEHT MTPOSIBJISICTCSA JIMHEHHOCTD — €CJIM MBI II0Ja€M BXOIHYIO 1TOC/IeJOBATe b~
HOCTb X3 (1), KOTOpasi 1IPEACTaBJIsieT COO0H CyMMY ABYX CHHYCOM/ € YACTOTAMH 1lon
3 I'i, Mbl IOJIYYAEM BBIXOAHYIO [TOCJICAOBATEIBHOCTD Y3 (1), NOKa3aHHYIO B UEHTPE pH-
cynka 1.7 (d). OGparure BHMMaHHe Ha TO, 4TO ¥ 3 (1) peAcTaBseT c0o00i1 1103J1EMEHT-
HYI0 CyMMY i, (1) H Yy, (n). Pucynok 1.7 (d) nokassiBaeT TaKKe, 4YTO CIIEKTP BHIXOJHOTO
curnana Y3 (m) ectb cymma Y, (m) u Y, (m). 310 1 €CTb TMHCHHOCTD.

Nuretinas
(a) BxoaHoW curHan x(n) —— nvckpetHas  —8» BuixoaHo# curkan y(n) = -x(n)/2
cucrema
x4(m) n
1 ¥4 4 Yqy(m)
1 ﬂ)rr 1
B -
o5k = 05
w0 n 05 SN
x - i]_). . r,i 1
(B) O M O EHHHHHH i O e M O
l‘ ! I!BPBMR e v;‘lnl‘ Bpems C 5 4 6 8 10 12 14 Yacrora
05 + s i om 05 Tyt (fw)
» L 0.5 u
CHN
1 4 LY 1
X5(m)-
, 2 ¥, Y, (m)
Ti= " L] 1
» L4 0.5
0.5 A .
L B
) U j§ w ow WL M 3
(C) O HHHHIHHHITHHT > O HHHHH OV O Ao M A
. x " Bpems R X Bpemn 0 > 4 6 8 10 12 14 “acrora
0.5 o 8 05 4" L LY (Tu)
] L 0.5 4
w : .
1 1 b e L 4
xX3(nM) =x M +x (n Ya(n
3(n) = x4 ) 3(7) v, (m)
2 2
LT 08
1 . - - 1 ¥ T
- Ay I_Ll.

- . 13 )
(d) OLM!MHWINW O A HHHHI I T T O e M M
: Bpems i ) Bpews O 2 4 & 8 10 12 14 “acrora
x ox N aly B
" " - 4 W (ru)
'l' r.l . 054w w
-2 2

-1

Puc. 1.7. COOTHOLIEHMSA BXOA-BbIXO, NMHEAHOW cucteMmsl: (a) 6nok-cxema CUCTEeMbI, rae
y(n) = —x(n)/2; (b) BXx0A 1 BbIXOH, CUCTEMbI NPY NOAAYE CUHYCONOANBHOIO CUT-
Hana uyacTtoTol 1M, () npy nogade cuHyconapl yactoton 3 'y, (d) npu nopaye
CYMMb! 1BYX CUHYCOMAANEHBIX CUrHAnoB ¢ 4actotamu 1 Fun 3 My,

1
31ech MBI JIOMyCKaeM MCTIONb30BAHKHE OTPULIATEBHO aMILTHTY Ibl, YTOOBI I0KA3aTh, 4TO OT-
CYETHI BHIXOAHOTO CHTHAIA HMEIOT 3HAK, [IPOTHBOIIONOXKHBIM 3HAKY BXOAHBIX OTCYETOB, He
npuberas K moHATHIO $a3bl — (npum. nepes.).
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1.5.2. NMpumep HeNMHENHON CUCTEeMbI

Jlerko noka3zaThb, Kak HeJIMHEHAs CHCTEMA JAeT BBIXOJIHOM CUTHAJI, HE PABHBIT CyM-
Me y,(n) ny,(n), koraa y nee Ha Bxozie x; (n) + x, (n). llpoctoit mpumep HeUHEHHOM
JUCKPETHOM CHUCTEMBI NPUBeAeH Ha pucyHke 1.8 (a), T[e BBIXOAHOUW CUTHAJX paBeH
KBaJpaTy BXO[HOTO B COOTBETCTBHY C

y(m)=[x(n)]? (1-16)
YrobBI NpecKa3aTh BHIXOAHON CUTHAJ B CJIy4ae, KOTjla Ha BXOJl CHCTeMbI HOZAl0TCsT
NPOCThle CHHYCOWJIAJIbHBIE CUTHAJIBI, Mbl HCIIOJB3YE€M XOPOLIO W3BECTHBIE TPHUTOHO-
MeTpUYeCKMe TOXIECTBAa U HEMHOTO aHAJIUTHYECKHX HpeobpasoBauuii. Mcnonbsys
¢opMy ypaBHeHus (1-3), 3anHmIeM CUMHYCOHUAAIBHYIO MOCIEA0BATENBHOCTD € ACTO-
Toit f, = 1 T B Buze
x4(n) =sin(2x f,nt,) = sin(2mw 1+ nt,) (1-17)

Ypasnenne (1-17) omuceiBaeT nocaef0BaTeIbHOCTh X, () B JIEBOil YacTH PUCYH-
xa 1.8 (b). ITpu mogaye Ha BX0Z OC/IENOBATENBHOCTH X 4 (72) BBIXOJIHAS [IOCJIEAOBATETh-
HOCTb HEJIMHEHHOM CUCTEeMBI i , (1) PaBHa KBafipaTy cuHyca yacrotod 1 I'f win

y4(n) = [x4(n)] 2 —sin(2m 1 ent,)sin(2x 1 ent,) (1-18)

Mb1 MOXKeM yIIPOCTHTh BhIpaxkeHue A8 y, (n) B (1-18), ucnons3ys cienyioiee
TPUTOHOMETPHYECKOE TOXKJIECTBO:

sina * sin8 = [cos(a — fB)]/2 - [cos(a +B)]/2. (1-19)
Hcnonbsysa (1-19), M1 MoxkeM y, () BBIpa3UTh Kak
y4(n) =[cos(2meTent, — 2me1ont)]/2 — [cos(2me Tent, + 2ne1ont)]|/2 =
= cos(0)/2 — cos(4nme1enty)/2 = 1/2 — cos(2me2°nty)/2, (1-20)

4TO IOKA3aHO KAK [IOJIOKUTEIbHAS MOCIe0BaTeNbHOCTD B LenTpe pucynka 1.8 (b).
Tak kak, cornacno (1-19), yMHOXeHHe ABYX CHHYCOU/I IIPUBOAKUT K MOSIBJIEHUIO CYyMMbI
(a + B) 1 pasroctu (a — ) 4acToT, BLIXO/IHAsI IOCJIEAOBATENBHOCT ¥4 (1) Gyner npex-
CTaBJSATH COOO0I KOCUHYCOMAATIBHBIN cUTHA 4acToToi 2 I'i v amrmTy 01 0.5, cnoxeH-
Hblii ¢ koHcTaHTo# 1/2. KoncTanTa 1/2 B (1-20) HHTEPIIPETUPYETCSH KK COCTaBJSIONANA
c vacrotoii 0 I'iy, yTo orpaxeno B cnexrpe Y, (m) na pucysxe 1.8 (b). Mbl Moru 651 ipo-
JieJIaTh Te XK€ BBIK/IAZAKY AJIs TTOC/IE0BATENbHOCTH Xy (71) M yCTAaHOBUTD, YTO BhIXO/IHAs
HOC/IE/I0BATE/IbHOCTb HETMHEHHON CHCTeMBI ¥, (1) B 3TOM ciryyac 6y/ieT COACpXKaTh Co-
crapJstionye ¢ yactotamu 0 L' n 6 11, kak nokasano na pucytke 1.8 (c).

HesnHelocTb cucTeMbl CTaloBUTCS OUCBUHOM, KOTIa MBI ITOZIAEM Ha ee BXO/I I10CJIe-
NOBATEIbHOCTD X3(71), O6PA30BAHHYIO B Pe3yJibTaTe CyMMHPOBAHUS CHHYCOMATBHBIX
curHasoB ¢ yactotamu 1 I'm u 3 Iy, kak mokasano Ha prucytke 1.8 (d). Mbl MoxeM npe-
CKa3aTh YaCTOTHBIA COCTAB BBIXOIHOM M0C/IEA0BATEILHOCTH Y3 (1), UCHIONL3Y s anrebpan-
YECKOe TOXK/IECTRO '

(a+b)’=a’+2ab + b? (1-21)

rZic a v b IpeacTaBIsIOT ciaraeMble BXOAHOM 1ocsegosaTenbHoctu. U3 (1-19) caeny-
€T, uTo wieH a’ B (1-21) npuBOAUT K HOSIBJEHUIO CHHYCOU/IAJIbHBIX COCTABJSIOIIMNX C
yacroramn 0 Tu u 3 Ty, mokasannbix Ha pucynke 1.8 (b). Anasoruuno, wien b naer
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ellfe OJIHY COCTABJIANLYIO ¢ yacToToit 0 Ty u cuHyconny ¢ yactoro# 6 'y, nokasaHHbIe
na pucyHke 1.8 (¢). Ho uiex 2ab puBoANT K IIOABJIEHHIO B i3 (1) CUHYCOU/IA/IBHBIX CO-
CTaBNAOMMX ¢ yacroramu 2 'y v 4 Tu. MBI MOXeM IT0Ka3aThb 9TO aHATMTUYECKH, HCTHIO-
n63y4 (1-19) u Beipaxas wied 2ab B (1-21) xax

2ab =2 *sin(2r ¢ 1 ¢ nty) * sin(2xw * 3 * nt;) =
= [2cos(2m * 1 nt,—2m * 3 * nty)]/2~[2cos(2m * 1 * nt + 2w * 3 * nig /2=

¢ 1
=cos(2 * 1+ nt;) —cos(2m * 4 * nty). (1-22)
Henuxeinas 2
(a) BXOAHON CUTHA X(1) i~ aUCKpeTHan > BrixopHol curHan y(n) = [x(n}
cucTema

Y, (m)
1 . KOMOHBHT HYNIOBOW HACTOTSI

0 a3 | S50} 2S00 DEET L
Yacrora
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-0.5 I n (fu)
-
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Yz(m)
1
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Ry W 4 ru)
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s } Y3(m)
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2 e 1w
15 " . 051 % 408
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O N e R

Bpema

Puc. 1.8. COOTHOLLIEHWUS BXOA-BLIXOA HENMUHENHON CUCTEMbI: (@) 6110K-CXEeMa CUCTEMD,
roe y(n) = {x(n)] 2; (b) Bxopa, v BbIx0A cuctemMsl npu nogave cMHyCOMOANLHOMO
curHana yactoTon 1, (C) npy nogade CUHYCOMAANLHOrO CUrHana 4acToTon
3 I'u; (d) npu nogaye CyMMbl CUHYCOMAANBHBIX CUTHANOB C YacToTammn 1 Fuu
3y

1 .
Teprbiii wien B (1-22) BHIISAINT Kak cos(2nt, - bant) = cos(—4nnt ) = cos(—2n2nt,). On-
HaKo, T. K. KOCHHYC siBJISIETCA YeTHOH pyHKIMeH, T. e. cos(—a) = c0s(Q), MBI MOXEM 3aITHCATD
3TOT WieH Kak cos(2m2nty).
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Ypasuenue (1-22) roBoput HaM, 4TO B /3 () IPUCYTCTBYIOT /iBe HOIOJHUTEIbHbIE
COCTaBJAOILME, 00YCTIOBIEHHbIE HETUHEMHOCTBIO CUCTEMBI: KOCUHYCOMAAIBHDII CHT-
HaJl yactoro# 2 I, aMIIMTy1a KOTOPOro pasHa 1, U KOCMHYCOMAAIbHDII CUTHAI Yac-
ToTO# 4 T'll, MMeromuil aMIIMTYQy 1 ¥ BKJIIOYEHHBIH B COCTaB CHTHAJA CO 3HAKOM
MUHYC. ITH ClIEKTPa/IbHble KOMIIOHEHTHI TI0Kas3albl B cocTaBe Y3 (m) B npasoit yacTu
pucyHka 1.8 (d).

ObparuTte BHIMaHWe Ha TO, YTO, KOI/Ja Ha BXOJ HEJMHEHHON CUCTEMBI HOJaeTcsi
CyMMa JIByX CHHYCOWJI, BEIXOJHOMN CUTHAJ coAepxuT cunycouasl (cM. (1-22)), koto-
PBIX HET B CIy4ae, KOrJa KaXk/0€e U3 C/IaraeMbIX II0JIA€TCS Ha BXO/L CHCTEMBI OT/EJBHO.
ITH JONOJHHUTEIbHbIe CHHYCOUABI MOSIBUINCH B PE3YJIbTATE B3aUMOAEUCTBHS ABYX
BXOAHBIX CHHYCOU/J IIPH BbIIIOJHEHUU BO3BEIEHUS B KBAZiPaT. ITO M €CTh HeJAUHEN-
HOCTb, ycoBue (1-13) He BpmonHserca. (MHxeHepbl B 061aCTH 3JIEKTPOTEXHUKH U
3JIEKTPOHUKH XOPOIIO 3HAKOMBI C 3TUM SIBJIEHUEM KaK C UHMEPMOOYNAUUOHHDIMU UCKA-
scenusimu.) X0Ts HelIMHeHHbIE CHCTEMBI TPYAHO aHAJTU3UPOBATh, OHY MHOTAA UCIIOJIb-
3yioTcs Ha npakTike. Harpumep, B paborax [2], [3] u [4] onmuchiBaeTcst MX mpuMeHeHHe
IpDH NOCTPOEHUH HeJMHEeHHbIX ubpoBsix ¢dunabTpoB. Hamomuum eme pas: (1-13) u
(1-14) yTBepkAaI0T, YTO BHIXOAHOM CUTHAJ IMHEHHOMN CUCTEMBI IIPH I10/Ia4e Ha €€ BXO,
CYMMbI OTJEJbHBIX CUTHAJIOB IIPEACTABISAET COGO0M CyNeprnosuIuio (CyMMy) OT/e/Ib-
HBIX BBIXOJHBIX CUTHAIOB. OHU Takxe TpeOyIOT, YT06bI BBIXOAHAS 110C/IEA0BATEBHOCTD
Y4 (n) 3aBHCENIa TOJIBKO OT X (1) M OT XapaKTePUCTHK CUCTEMBI U He 3aBHCeJIa OT APYron
COCTaB/IAI0LIeH BXOJHOTO CUTHAJIA X (1), T. €. YTOObI OTCYTCTBOBAJIO B3aUMO/IEICTBUE
BXOJIHBIX CUTHAJIOB X4 (1) U X, (1) Ha BBIXO/I€ IMHEHHOH CHCTEMBIL.

1.6. UHBapMaHTHbIE BO BPEMEHU CUCTEMDI

WMupapraHTHast BO BpeMEHU CHCTEMa — 3TO CUCTEMA, JJIsl KOTOPOI 3ajiepikka (WK
CIBUI) BO BPeMEHH BXOJHOH NOCJIEN0BATENbHOCTH BbI3BIBACT 3KBUBAJIEITHYIO Bpe-
MEHHYIO 33eP2KKY BBIXOAHOU N0Ce0BaTeIbHOCTU. [TOMHSI 0 TOM, YTO 7 — IPOCTO UH-
JEKCHasl NepeMeHHasA, KOTOPYIO Mbl HCIIOABb3yeM, 4TOObI OTCJAE)KHUBATH BXOMAIbIC U
BBIXOJHbIE OTCYETBI, CKAXKEM, YTO CUCTEMA BBIAAET Ha BBIXOJI II0CTE0BATELHOCTD y(1)
LIPH 1I0/aye Ha BXOJ N0CTeA0BATCABHOCTY X(1) WK

x(n) BBI3BIBAET peakuuio y(n) . (1-23)

Yrob6b! crcTeMa 6bliIa HHBAPUAHTIOM BO BPCMEHH, [UIsI CABUHYTOU BCPCHM MCXO/I-
HOTO curHana x(n), x (n) JOMXKIIO BBIIOJHATHCS CAeAYOlee COOTHOLIEHME:

x'(n) =x(n+k) BesbiBacT peakuuw y (n) = y(n+k), (1-24)

rzie k — HEKOTOPOC LeJI0e YKCJIO, IPEACTAR/ISIONIEE 3aAePXKKY B k IEpPUOI0B IMCKPETU3A-
uuu. Ytobbl cricTeMa G112 MHBaPUAHTHON BO Bpemeny, yenosue (1-24) 1010 BbIIOJI-
HATLCA N1 11000r0 meoro k 1 4714 M060i BXOJHOH T0CIe[0BATETbHOCTH.

1.6.1. Npumep NHBapnaHTHON BO BpEMEHU CUCTEMDI

PaccMoTpuM MpOCTOi NIpUMep MHBAPUAHTHOCTH BO BpeMeHU, [IOKA3aHHBIA HA PH-
cyHke 1.9. IIpeamnosyioxkum, 4yTo UCXOAHAS BXOLHAS [10CTE/[OBATEIbHOCTD TPCACTABIACT
c060¥ CUHYCOHIATBHYIO [I0CIEA0BATE/IBHOCTD IMHUYHON aMILUIMTY bl U yacToToit 1 Iy,
BBIXO/[HasT ITOCJ/IEA0BATENBHOCTD 000311a4€eHa KaK y(71), KaK MoKasaHo Ha pucynike 1.9 (b).
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PaccMOTpUM AIpYTYIO BXOAHYIO HOCIeI0BaTeNbHOCTD X (1) Busa
x'(n) = x(n+4). (1-25)

YpaBuenye (1-25) mokasbiBaer, YTO BXOHAs OCIeA0BATEIbHOCTb X (1) COBIIAJAET C
HOCIEA0BATENbHOCTHIO X(71), CIBUHYTOI Ha YeThIpe OTCUYETa BJieBO, TO ecTh X (0) = x(4),
x'(1) =x(5), x(2) = x(6) u Tak nanee, Kak NOKA3aHO B JIEBOH yacTu pucyHka 1.9 (¢). Au-
CKpETHasi CUCTeMa MHBAPHAHTHA BO BPEMEHY, [IOTOMY YTO BBIXOAHAA NOCHEA0BATE b-
HOCTB i () paBHA NOCAEAOBATC/ILHOCTH ¥(71), CABUHYTON BJCBO Ha YCTLIPE OTCUETA, MIIK
y'(n) =y(n +4). Mb1 MoxeM Buzetb, uto y (0) =y(4),y (1) =y(5),u'(?) = y(6) n Tax xa-
Jiee, Kak 1ToKa3aHo Ha pucyHKe 1.9 (¢). [dJ1st nHBapyaHTHbIX BO BpeMEHU CUCTEM BCJIUYH-
Ha C/IBUT4 [10 BPEMEHU 1OCTe0BATeNbHOCTH i paBHA BeJIMYMHE CABMIA IIO BPeMEHHU
110CJIeJ0BATETbHOCTH X,

HexkoTopble aBTOpbI MOAAAIOTCS COOMA3HY OTIPeesIsiTh HITBAPUAHTHYIO BO BpCMe-
HU CHUCTEMY KAK TaKyIO CUCTEMY, TapaMeTPhl KOTOPO#H He MEHSIOTCS CO BPCMCHEM.
ITO onpegesieHye CTPAJACT HENOTHOTOH ¥ MOXeET IPUYMHHATE HaM HeNpUATHOCTH,
ecJid MbI He OyAeM IOCTATOUHO BHEMATETbHbL Mpl IPOCTO ocTaHOBUMCS Ha hopMab-
HOM OIIpe/ie/IEHHH, TacsIIeM, YTO MHBAPHAHTHAS BO BPEMEHH CHCTEMa — 9TO CUCTEMA,
111 KOTOPOH CIBUT BO BpeMeHH BXOAHOH 110Ce/10BaTeIbHOCTH IIPUBO/IUT K PABHOMY
CIBUT'Y BO BpEMCHHU BBIXOAHOHU ITOCaeg0BaTehHOCTU. MexXay 11pounM, B JinTepaType
HHBAPUAIITHBIC BO BPEMEHH CHCTEMBI YACTO HA3bIBAIT UHEAPUAHMNBIMU OTRHOCUMERY -
HO cO6Uza CUCTEMAMU .

WNusapuaHTHas
BO BpEMEHU
avickpeTtHas

cuctema
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!lifd,‘ 1 }
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(a) BxoaHOi curHan x(n) =g == BuixoaHon curian y(n) = -x(n)/2
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Puc. 1.9. COOTHOLWEHNS BXOA-BbIXOA AN UHBAPUAHTHON BO BPEMEHW CUCTEMbI:
(a) BROK-Cxema cuctTemsbl, ANa KOTopoi y(n) = —x(n)/2; (b) Bxoa 1 BbiIxoa, CuC~
TeMbl NPV NOAA4e CUHYCOUAANBLHOTO curhana yacrtorton 1 'y; (C) BXxoA v Bbi-
X0Q, cuCTembl NpU nogade CUHYCOMAANLHOro curHana dactoton 1 u,
CABUHYTOIO Ha YeTbtpe otcveta. Ecnux'(n) =x(n +4), Toy'(n) =y(n + 4)

1 o
TIpuMepoM aucKpeTHOTOo MpoLecca, KOTOPHIN He SIBJAACTCS HHBAPUAHTHBIM BO BpDEMEHH, sIB-
JIIETCS TIPOICCC HOHYDKEHUS YaCTOThl IUCKPeTUIAUNK WIN ACLMMAaNUs (IIpOpeKUBaHue),
onucaHHbli B raase 10.
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1.7. CBOCTBO KOMMYTAaTUBHOCTU JINHEMNHbIX
MHBapPUWaHTHbIX BO BPEMEHU CUCTEM

XoTs Ml He Oy 1eM 060CHOBBIBATS 3TOT (hakT L0 pasiesa 6.8, ceituac BIIOJIHE MOXKHO
TIOHATD, uTO JIVIB-cucTeMbl 06.1a/1a10T 110J1€3HbIM CBOHCTBOM KOMMYTATHBHOCTH, CO-
r1acCHO KOTOPOMY UX ITOPSIIOK CJIE/IOBAHUS MOXKCT OBITh v3aMetell 663 UBMEHEHHS pesy-
JIBTUPYIOIIETO BBIXOLHOTO CUI'HAJIA. DTa CUTYAllMd TOKa3aHa Ha pucylke 1.10, rae ase
pasuble JIMB-cuc1cypl coeiMHEHBI TOCIEX0BATENBHO.

B fin) B BhixoaHow

(a) Bxomuot —mm o roma#t [ cucrema#2 P> curwan y(n)

curHan x(n)

5 nme g(n) B BbIXOOHOW
(b) E:gfarjl_loz(n)—ﬂ cucrema #2 "1 cucrema #1 —.'curHaﬂ.V(")

Puc. 1.10. MocnegoBatencHoe BKIOYEHNE NUHENHBIX WHBAPWAHTHBIX BO BpEeMeHu
(JIUB) cucrem: (a) ucxogHoe coeauHerune JINB-cucrem; (b) namerHeHue no-
pRAKa BKIIOYEHUN IBYX CUCTEM HE U3MEHAET Pe3ynbTURYIOWMA BbIXOAHONW
curHan y(n)

WaMenenue nops/ka BKIIIOUEHUS KACKJIUPOBAHIIbIX CHCTEM HC U3MEHsIET OKOHYaTe-
JIbHbINA BBIXOAHOM cvTHa/L XOTsl IPOMEXYTOYHbIe TToc/iesoBaTebHocTH f(n) v g(n) B
o61meM ciydae He OyAyT coBnagars, 06e napot JIN B-cuctem 6ynyT uMeTb naeHTHYHBIE
BBIXO/JHbIE TOCJIEAOBATENBHOCTH (7). 3TO CBOMCTBO KOMMYTaTMBHOCTH NPUXOAMT Hia
nomotlib paspaborynkam UG poBHIX GUIBTPOB, KAK MBI YBUAMM B IJ1aBax 5 U 6.

1.8. AHann3 NMHenHbIX UHBAPUAHTHbIX
BO BPEMEeHUN CUCTEM

Kak ytBepxaanocs Baiiie, JIVB-cucteMbl MOXKHO aHATM3UPOBATH C LEJIBIO NPEeACKa-
3aHUsI UX CBOUCTE. B yacTHOCTH, €CJIH MBI 3HAEM UMNYALCHYIO XAPAKMEPUCMUKY HEKOTO-
poit JINB-cucTeMbl, Mbl MOXXEM BBIYMCIHNTD BCE, YTO MOXKHO Y3HATh 06 3TOM CHCTeMe,
T. €. UIMITYJIbCHAsI XapaKTepPUCTHKA CUCTEMbI NIOJTHOCTbIO XapakTepusyer ee. [loa umny-
JICHOH XapaKTepUCTHKOH Mbl [IOHHMAaEeM BBIXOAHYIO I10C/1e/I0BATCABHOCTb CHCTEMBI BO
BpPEMEHHO! 00JIaCTH 1IPH Mo/iaye Ha BXOJ CUCTEMbI €AMHCTBEHHOTO MMITYJIbCa, PABHOTO
CAMHULE, (€/IMHUYHOIO MMITYJIbCa), KOTOPOMY HPEAIIECTBYIOT U 3a KOTOPLIM CJIEAYIOT
HyJIEBbIE OTCUYETH, KaK loKasano Ha pucyHke 1.11 (b).
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3Hasi UMITYJIbCHY 10 XapakrepucTiky JIV B-crcreMsl, Mbl MOXCM O11pelesInTh BbIXO/-
HYIO ITOCJIEN0BATEIbHOCTD AJI51 000 BXOAHOMH MOCJAELOBATENBHOCTH, T. K. BBIXOZHAS
I0C/IEI0BATEIbHOCTD PABHA C8epMKe BXOIHOI NOCAeI0BATEIBHOCTA U MMITYJIbCHOM Xa-
pakTepucTHKH. BoJiee Toro, nMest MMITYJIbCHYIO XapaKTEPUCTHKY BO BpeMeHHO# obmacTy,
MBI MOXKEM HAITHU YaCMOmHYI0 Xapaxmepucmuxy cucmembi, B3sis npeodpazosanue Dyppe
B hopme duckpemnozo npeobpasosanus Qypbe OT UMITYIbCHOI XapaKTePUCTUKH [5].

NuHelinas
vHBapuaHTHasn 3
(a) BxogHoi curnan x(n) ——=1  po gpemenn  |— BuixoaHoi curkan y(n)
auckpeTHan
cucrtema
VMNYNbCHBLIA BXOAHOW CUrHan x(n) * MMnynbcHas xapaktepuctuka y(n)
1 My n
© T eMHUNHLIA OTCHeT n
(b) -
ol I’I »
[ Lot
00 000 O e 0 b ey B M e e e oy
3 0 3 6 9 12 15 18 21 24 Bpems D g™ s Bpems

X
L}

Puc. 1.11. UmnynscHeie xapakrepuctuku JIMB-cuctem: (a) 6nok-Cxema cuctemsl; (b)
BXOAHas MoCneAoBaTeNnbLHOCTL X(11) N UMNYNLCHARA XapakTepucTuka y(n)

He paccrpanBaiftech, eciiv Bbl He COBCEM Y€TKO NMPEICTaBIIsieTe cebe, 4TO Takoe CBepT-
Ka, YaCTOTHas XapaKTePUCTHKa WK JUCKpeTHOe mipeoGpasoBaHiie Dypbe. Mbi BBeieM
3TH MOHATHSA MOCTENIEHHO ¥ aKKYPATHO 0 Mepe HaflOGHOCTY B TOC/IEAYIONIHUX [JIaBaX.
3nech xe crenyer ysacHuTs cebe, 4to JIN B-cucTeMbl MOTYT TIPOEKTHPOBATHCS M AHAH-
3MPOBATBCS C UCTIOIb30BAHUEM PsiJIa TIOHATHBIX M MOIMHBIX METOZIOB. ITH METO/BI Mbl
Gynem 106aBIATh K HALLIEMY MHCTPYMEHTApHIO IO Mepe TPOABIKEHUS B U3YYEHUM
b poBoit 06paboTKM CHUTHAJIOB.
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Mnaesa 2

Nepunoaunyeckas
ANCKpeTusauums

Ilepuonnyeckast AUCKpETU3AIUS — IIPOLECC TIPEACTABIEHHS HEIIPEPBIBHOTO CHUT-
HaJIa [I0CJIe/I0BATEIbHOCTBIO IMCKPETHBIX 3HAYEHUH — MCIIOJIb3YeTCsl BO BCeX obJiac-
TsAx undposoit 06paboTku curHanioB. Ha mpaktuke AUCKpeTU3AHs BBIHOJIHSIETCS
MyTeM [TOJaY HePePhIBHOTO CUTHAJIA HA BXO/ aHAJIOro- ¢ poBOro npeobpasoBare-
ast (ALLIl), xoTOpHIN BHIZAET HA BBIXOJ IOCJIEOBATETBHOCTD ITU()POBHIX 3HAYEHUMH,
ITockoBKyY TEOPHS JUCKPETH3AIMH UTPAET BAXKHYIO POJIb B ONIPeleJiEHUH TOUHOCTH
U peau3yeMOCTH JiI000# cxeMbl 1MbPOoBOt 06pabOTKH CUTHAJIOB, HaM IOTpebyeTcs
yBepeHHOe 3HaHMNe 3(PPeKTOB MepUOAUYECKO TUCKPETUIAIMH, KOTOPbIE YaCTO MO-
HMMAIOTCs1 He COBCeM NpaBuibHO. [lepBoe, 4TO HE06X0AMMO BBISICHUTD B OTHOIIEHUN
AUCKPETH3AIUH — KaK YacTO CIeAyeT 6paTh OTCUETHI HEMPEPBIBHOTO CUTHAIIA, YTOOBI
COXPaHUTH COAEPKAIIYIOCS B HeM MH(popMauuio. Mbl MoXkeM IUCKPeTU3HPOBATh He-
IIPEPBIBHBIN CUTHAJ C 11000 YacTOTOM, ¢ KaKOH moxkenaeM, U HOJy4aTh MOCAe[0Ba-
TeJbHOCTh JUCKPETHBIX 3HAUEHUI, HO BO3HHKAET BONPOC: HACKOJBKO XOPOIIO 3TU
3HauYeHHUs 1IPEJCTABJIAIOT UCXOAHBIN curHaa? /laBaliTe IIOJyYUM OTBET HAa 3TOT BO-
IPOC ¥ NapajlesIbHO UCCJlefyeM PasjinyHble MeTOAbl AUCKPETH3aluH, UCIIOIb3ye-
Mbie B 1M POBOIi 06paboTKe CUIHANOB.

2.1. HanoxeHue: HeOA4HO3HAYHOCTDb
npeacTaBJIeHUs CUrHasa B HaCTOTHOM
obnactu

CymiecTByeT HEOXHO3HAYHOCTh B YaCTOTHOI 06JIaCTH, CBSI3aHHASI C OTCYETAMU U~
CKPETHBIX CHUTHAJIOB, KOTOPas OTCYTCTBYET B MUPE HENPEPHIBHBIX CUTHAJIOB, M MbI
MOKeM IMOHSTh BJIUsSIHUE 3TOM HeolnpeAeJeHHOCTH, pa3oOpaBUIMCh B MPUPO/IE AUCK-
PeTHBIX JaHHBIX. [[J1s1 IpuMepa NPeInoNioKuM, YTO BBl UMeeTe CIAEAYIONIYIO ITOCTe0-
BaTEJIbHOCTh 3HAYEHUI:

x(0)=0
x(1) =0.866
x(2) =0.866

x(3)=0
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x(4) = -0.866
x(5) = -0.866
x(6) =0,

M BaM CKa3aJiy, UTO 3TH 3HAYEHU s [IPe/ICTABJIAI0T MTHOBEHHBIE 3HaueH!s CMHY CONAANIb-
HOTO CHTHaJIa BO BpeMEHHOM 06J1aCTH, B3AThble Yepe3 OAUHAKOBble UHTEPBAJIBI BpeMe-
HU. A 3aTeM Bac IOIPOCHIN HAYEPTUTH I'paduK 5TOTO CHHYCOUAAIbHOTO CUTHAMA. B,
BHAKMO, Hauajiu Obl ¢ U306paKeHus I10C/IeJ0BATEIPHOCTH 3HAYEHHIT, [IOKA3aHHOM Ha
pucynke 2.1 (a), Toukamu. 3aTeM, BEPOATHO, BB HAYEPTH/IN OBI CHHYCOWUAY, IOKa3aH-
Hylo Ha pucyHke 2.1 (b) crutomHoi JuHUEH, KOTOPast IPOXOAUT Yepe3 TOUKH, 1300pa-
JKAIOIIME HAIY TTOCTIEA0BATENbHOCTD.

Jlpyroii 4esoBeK, ONHAKO, MOT GBI HAYEPTUTh CHHYCOMY, TOKA3aHHYIO HA PUCYH-
ke 2.1 (b) 60see cBeT0i iHueid. Mbi BUIMM, YTO HCXOAHASI HOCJ/IE0BATEIBHOCTD C PaB-
HOM JIOCTOBEPHOCTBIO MOIJIA Obl NPEACTAB/IATh JUCKPETH3UPOBAHHbBIE BEPCUH 00eUX
cunycous. [1aBHOe 37ech TO, UTO, €C/IU IIOC/IeJ0BATE/bHOCTD JaHHBIX IIPeACTABJIAET
€000 paBHOOTCTOSIIHE TI0 BpEMEHHU OTCYEThI CHHYCOH/IbI, Mbl HE MOYKEM OTHO3HAYHO
OIIPEAENUTD 4aCTOTY CUHYCOM/IBI TOJIBKO 110 3THM OTCUeTaM.

3HAKOMCTBO ¢ MATEMATHMYECKUMH MCTOKAMM 3TOH YaCTOTHOH HeOJHO3HAYHOCTH
MIO3BOJISIET HaM He TOJIBKO CIIPABUTLCS € Hell, HO M H3BJIeYb U3 Heé 110Jib3y. BriBenem
BhIpa)KeHUe JJIsl 9TOM HEOlPeIeIEHHOCTH B 4aCTOTHOM 06s1acTy, a 3aTeM HOCMOTPUM
HECKOJIbKO KOHKDETHBIX MPHUMEPOB. PaccMOTPUM HeNpPepBhIBHBIM CHHYCOUIAIbHBIN
CUTHAJI, OTIpeie/IEHHBIN KaK

x(t) =sin(2x f,t). (2-1)
A
0.866 " .
(a) 0 t T L] ' * LB
; : Bpems
-0.866 ' o

Bpewms

y

Puc. 2.1. YactoTHas HEOAHO3HA4YHOCTb: (a) AUCKPETHas NOCNEAOBATEIbHOCTL 3Ha4e-
HuiA; (b) aBe pasHble CUHYCOMAbI, KOTOPbIE NPOX0OAAT Yepes TOYKU, COOTBET-
CTBYIOLIME OTCHETAM OUCKPETHON NocnenosaTenbHOCTU
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JtoT curHax x(t) npeacTaBaseT cOO0H HCKYCCTBEHHbIN CHHYCOMIANBHBIN CUTHA,
yacToTa KoToporo pasHa f, I'i. Teneps auckpetusupyeM x(¢) ¢ 4acTOTOif f,0TCYETOB B
CEeKYHAY, T. €. Yepe3 paBHble MHTEPBaJbl BPEMEHH IJIMTEIbHOCTBIO f, CEKYHZ, rie
t,=1/f,. Ecu MbI HauMHaeM JUCKPETU3ALUIO B MOMEHT ¢ = 0, TO IIOJIy4UM OTCYETHI B
MoMeHThI BpemeHu O¢,, 1t, 2t u Tak nanee. Takum o6pa3oM, corsacHo (2-1), mepBbie
[10CJIe[OBaTe/IbHBIX OTCYETOB HMEIOT 3HAYEHHUS

0-ii oTcyeT x(0) = sin(2r7,0t,)
1- oTcyuer x(1) = sin(2rf,1t,)
2- oTcyer X(2) = sin(2xf,2t,) (2-2)
n-n otcyer x(n) = sin(2rf nts)

Bripaxenne (2-2) onpezeisier 3Ha4eHUe #-TO OTCYETA MOCAEI0BATENBHOCTH X(1)
KaK 3HayeHHe UCXOJHOTO CUT'Hajla B MOMEHT BpeMeHH nt,. Ilockosbky nBa 3HaueHUs
CHHYCOMbI MIEHTHYHBI, €CJIM COOTBETCTBYIOIINE 3HAYEHNS apTYMEHTA pa3sHeceHsl Ha
HUHTEPBaJI, KPaTHBIH 277 pafiuaH T. €., sin(¢) = sin(¢ +2am) , rae m — moboe Leaoe Yuc-
710, MBI MOXeM MoAuGbHUIUPOBaTh (2-2) ciaeayommrM 00pasoMm:

x(n) = sin(2nf nt;) = sin(2xf, nt, + 2am) = sin(2n(f, + m/(nts nnty)  (2-3)

Ecm MbI BoIGepeM m KPaTHBIM 72, m = kn, Mbl MOXXeM 3aMeHUTb OTHOLIEHHUE /N B
(2-3) uenoyncIeHHOM NIepEMEHHOM R, TaK YTO

x(n) =sin(2r(f, + k/t;)nt,) . (2-4)
TockomneKy f,=1/t,, MbI MOKEM IIPUPABHSITh IOCJIEA0BATENBHOCTU x(1) B (2-2) 1 (2-4):
x(n) =sin(2nf, nt;) = sin(2n(f, + kf )nt,). (2-5)

CnenosarensHo, Muoxutenu f, u ( f,+ kf, ) B (2-5) naoT ofuHaKOBbIH pe3yJIbIAT.
Cwmpica (2-5) nMeeT KpUTHYECKOE 3HAYEHEe. ITO BhIPAsKEHHE IIOKA3bIBAET, YTO II0CAEA0-
BaTEJIbHOCTb HU(MPOBBIX OTCYETOB X(#), MPECTABISIONIas CUHYCOUIY YaCTOTOMN fo I,
TOYHO TakK JKe IIPeCTaBAAeT CUHYCOU/IBI C IPYTUMU 4YaCTOTAMH, & HUMEHHO fo + kfs .
ITO OJIHO U3 BaXKHEHUIIUX COOTHOLIEHUH B 061acTH UM POBOH 06pabOTKU CUTHAIOB.
ITO HUThb, KOTOPOH CHIMTHI Bce CXeMBbI JUcKpeTusaiuu. CaoBaMu cMbIC (2-5) MOX-
HO BBIPa3UTh TakK:

Mpw anckpeTM3aunm ¢ 4acToToN f;OTCHETOB B CEKYHAY Mbl HE MOXEM Pa3NN4nThL An-

CKPETU3NPOBaHHbIE 3HA4EHUS1 CUHYCOUAB! YaCTOTOW £, 'L, u CUHYCONABI 4acToTOM (f,

+ kfg) 'y, ecnn k — nio6oe NoAOXUTENbHOE NN OTPULLATENBHOE LiefI0e YUCNO.

Jto AeiicTBUTEIbHO Tak. HuKakas nocsienoBaTeibHOCTh 3HAYEH M, XpaHUMas B I1a-
MATU KOMIIBIOTEPA, HAIIpMMep, He MOXET OJHO3HAYHO NPEACTABJIATHh OAHY U TOJBKO
O/IHy CHHYCOMZRY 6€e3 J0NOIHUTENBHON MH(bOpMalHK. JTO MOJ0KEHHEe B PaBHOM Mepe
HNpUMEeHMMO K BhIXoAHBIM orcueTaM ALIl u K oTcyeram CUrHasOB, CTeHEPHUPOBAHHBIX
KOMIIBIOTEPHbIMM NTporpamMMmaMu. [lMcKpeTHas mpupoza o060l ociea0BaTebHOCTH
3HA4YEeHUH IIPUBOJUT K TOMY, UTO 3Ta OCJIEA0BATEbHOCTD MPEACTaB/IsAeT HECKOHEY-
HO€ KOJINYECTBO PAa3HBIX CUHYCOU/I.

®opmyia (2-5) okasbIBaeT BIMsIHHE HA BCE CXeMbI LU(MPOBOii 06paGOTKY CHTHAJIOB.
B 3TOM J1€XXHMT IPUYNHA TOTO, YTO, XOTSI MBI ITOKA3aJIH 3TO TOJIBKO /iJIsi CHHYCOUIAJb-
HBIX CUTHAJIOB, CIIEKTP JI000H JUCKPETHOM TOCIe10BATEIbHOCTH 3HAYEHUH COAEPHKHUT
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NepUOINYIECKH MTOBTOPSAIOLIMECS] KOIMHA UCXO/IHOTO CIEKTPa HENPEPHIBHOTO CUTHAJA
(nozipobuee Mbl moroBopuM 06 3ToM B i1aBe 3). [Tepuo/ II0BTOPEHU S 3THX KOIIMIA CIIeK-
Tpa B 4ACTOTHOH 0671aCTH BCera paBeH [, U IepUOANYECKHUIT CIIEKTP IIPOCTHUPAETCS OM
nocmosiHHoU cocmasnswouwel 00 beckoneunocmu B 000MX HANPAaBAEHUSAX YaCTOTHOM
0CH. ITO TPOUCXOMUT NOTOMY, UTO £ B (2-5) MOXKeT ObITh JIOOBIM IIOJOKUTEIbHBIM
WJIV OTPHLIATEIbHBIM LesbIM yrcaoM. (B rnaBax 5 u 6 Mbl y3Haem, uto (2-5) sisiasiercst
IPUYMHOH NePHOAUYHOCTH YACTOTHBIX XapaKTEPUCTUK BCeX ITUDPOBHIX GUIBTPOB B
YaCTOTHOM 00/IaCTH Y UrPAET BAXKHYIO POJIb MPU aHAIU3E M IIPOEKTUPOBAHUY MOITY-
JISPHOTO THUTa HM(PPOBBIX (HUIBTPOB, U3BECTHHIX KaK (PUJIBTPHI ¢ HECKOHEYHOM MM-
MyJbCHOM XapaKTepUCTHUKOM. )

YT06bI TPOAEMOHCTPUPOBATH BiIUsAHUE (2-5), MOCTPOUM Ha PUCYHKE 2.2 U pACCMOT-
PHM Ipoliecc AUCKPeTHU3ALUU CHHYCOU/IBI YacTOTOM 7 K1l C YaCcTOTON AUCKPEeTH3aL1
6 x['. Otcuerst 6epyTest Kaxaywo 1/6000 ceKyHab! UM OMH pa3 3a Kaxable 167 Muk-
POCEKYHJI, a X 3HaYeHHsI U306paXKeHbl Ha pHCYHKe 2.2 (a) TOUKaMHM.

3aMeTbTe, UTO 3HAUEHUST OTCYETOB BOOOIIIE HE U3BMEHWIUCH Obl, eC/iu Obl BMECTO Ha-
Hie#l CHHYCOUIBI MBI IMCKPETU3NPOBAJN cuHycouay 4actoToi 1 kI'i. B atom npumepe
napameTpbl (2-5) paBubl: f, = 7 kI, fi =6 kIuuk = -1, Tak uro f+kf, = [7+(~1+6)] =
1 kT, IIpoGsieMa COCTOUT B TOM, YTO HUKAKOH aJITOPUTM O6pd60TKI/I HE MOXKET OITpeie-
JIUTD, ABJIAETCS JIV JaHHAS [TOCTIeJOBATEIBHOCTD AUCKPETHBIX OTCYETOB, 3HAYEHUS KO-
TOPBIX IIOKa3aHbI TOUKAMH, PEe3yJIbTATOM AUCKPETU3aIiUN CUMHYCOUABI YacToTor 7 Kl
uy curycounsl yacrtoroil 1 kI'u. Eciivu nogats aTH 3HaYeHU Ha HEKOTOPHIH 1M POBOI
npubop, KOTOPBI U3MEPSIET 3HEPTUIO CUrHasa Ha yacrore. 1 k', To BBIx0OA npubopa
nokaxet sHepruio Ha yactore 1 kI't. Ho Mbi-To 3HaeMm, 4To B HateM HCXOJHOM CUTHAJIE
HET COCTABJLIONNX ¢ 4acTOTOM 1 KI'11 — Halll BXOAHOW CHTHAJ IIpeACTaBAsieT COG0i un-
CTbI# TOH ¢ yacToTOH 7 kI'1l. Popmyia (2-5) 3acTaBisier CHHycouay ¢ uMeHeM 7 kI
BBICTYNAaTh NOA ncesdonumonm (alias) 1 k. Tlonpocuth KOro-HUGY b OMPENEIUTD, CH-
HyCOMZIa Kakoll 4acTOTHI Aaja OTCUeTHI, TOKa3aHHble HA pUCYHKe 2.2 (a), — 3TO0 TO XKe
caMmoe, 4To cupocuTh: «Korza s cnoxun asa uncia, s noayunn cymmy dersipe. Kakue
qucia 51 ckaaabBan?» OTBET COCTOUT B TOM, YTO CYHIECTBYET OeCKOHEYHOE KOJTMYECT-
BO I1ap YHCeJI, CYMMa KOTOPBIX JIa€T YeThIPE,

Pucysok 2.2 (b) mokassiBaeT Apyroil mpuMep YaCTOTHON HEOAHO3HAYHOCTH, KOTO-
pyro Mbl OyzieM HasbiBaTh Haioxcenuem {aliasing), xorga cuHyconaa yactoroi 4 xI'g
MOXKeT ObITh IPUHATA 32 CUHYcOoMAy YyacToTok —2 kI, Ha pucynke 2.2 (b) mapametpnb
(2-5) nmetor sHavenus: f, = 4 xI'n, f,= 6 kIuu k = —1, tak uro f +kf = [4+(-1+6)] =
-2 xI'u. Kak u paHbille, ecJii Mbl PACCMOTPUM BHHMATETHHO TTOCIE0BATETBHOCTD YH-
ceJl, IPeICTaBIISIOIMX TOUKH Ha pucyHke 2.2 (b), To He CMOXKeM ONpeIeTUTh, KaKkast CH-
Hycounzia OblIa IUCKPETU3MPOBaHa — TOH 4YacTtoToi 4 K[ mim ToH wacroroit —2 kI,
(XoTs NoHsiTHE OTPULIATEIbHON YaCcTOTHI MOXKET ITOKA3aThCsl HECKOIBKO CTPAHHBIM, OHO
obecriednBaeT HaM KPACHBYIO U COCTOSITENIbHY IO METONUKY NpeAcKasaHus 3 ¢eKToB 1u-
ckpetusanuu. B riase 8 06cysKAa0TCH OTPUIIATEIBHBIE YACTOTHI U X CBSI3b C ACHCTBH-
TEJbHBIMHA ¥ KOMTLIEKCHBIMU CUTHAJTAMH. )

Eciu MBI OTpaHUYMM HMHTEPECYIONININ HAC CIEKTPANbHBIN UANa30H 4YaCTOTAMH B
npefenax * f; /2 I'u, npeasiayngie 18a npuMepa npn06peTaIOT ocoboe 3HaueHue. Yac-
TOTa f /2 B TEOPUM AUCKPETU3ALUN ABJIAETCH Ba)KHOUW BEJIMYMHOI U B IUTEPAType U3-
BECTHa TIOJl Pa3HBIMM Ha3BaHUAMM': KpUTHMuYecKas dactoTa HaiikBucTa, IT0JOBUHA

1 o
B pycckosI3pIMHON MUTEPATypPe 3Ta YacTOTa TPAAUIIMOHHO HEe UMEET CeNMaNbHOr0 Has3Ba-
HUSI, HO B TIOCTIEIHEE BPEMS HO/ BIUSTHUEM aHIJIOSA3BIYHON JIUTEPATyPhI IOSBHIACh TEHIEH-
1M Ha3bIBaTh ee yactotoil HaltkBucra — (npum. nepes.).
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yacToThl HaifksucTa, yactoTa 3aBopota. ['padudeckoe usobpaxetive AByX HabIUX IIPHU-
MEpOB HAJIOXKEHU YacTOT puBesieHo Ha pucyHke 2.2 (c). Hac nnrepecyior koMnoHeH-
Thl CUTHAJIA, KOTOPbIE BCIEACTBHE HAJIOXKEHHS OTOOPaXKaloTcsl B AUANA30HE YaCTOT OT
~f, /2 no +f, /2. ObpaTure BHUMAaHKE Ha TO, YTO B UHTEPECYIOLIEM HAC Malla30He Jac- -
toT (3 KT'1y, T. k. f = 6 KI'11), MMeeTCs sHeprus Ha YacToTax —2 kI +1 kT, noxyyen-
Hasi BCJAe[ACTBUE HamoxeHust 4acToT 4 kI'u u 7 kI, cooTBeTCTBEHHO. 3aMeTUM TaKxe,
4TO BEPTHKAJbHBIE [TO3ULNY TOYEeK Ha PHCYHKe 2.2 (C) He MMEIOT 3HaYeHus, HO UX To-
PH30HTAJIbHbIE ITO3UIUH MIOKA3bIBAIOT, KAKHE YaCTOThI HAKa/[bIBAIOTCS IPYT HA PYTa.

7 Ky

@

b))

WHrepecytoumit Hac
<—  puana3soH vactor —>

(c)
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Puc. 2.2. 3OddekTbl 4aCTOTHON HEOLHO3HAYHOCTH, BbiTeKaowme 13 (2-5): (a) pmckpe-
TM3aumuA cUHycouabl YactoToii 7 kI ¢ yacToTon auckpetusauum 6 iy, (b)
AucKpeTnsauusa cuHycomnasl Yyactotol 4 kl'y ¢ 4acToToil guckpeTmusauuu 6
klu; (C) cnexTpansLHble COOTHOLWEHNS, ASMOHCTRNPYIOWNE HANOXEHWE CUHY-
couma ¢ yactotamm 7 k' u 4 klMy,

OO6iuee n3o6paxkeHre HAIOXKEHU s UMEeT BUA 3y6uamoti cmpyxmyput Ha pucyHke 2.3
(a). Obparure BHUMaHHe Ha TO, YTO MUKH CTPYKTYPhI PACIIONOXKEHBI Ha 4aCTOTaX,
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kpaTHbIX f, I'ni. CTpykTypa nokashiBaeT, KaK CUTHaJI, JIeXalluil Ha Iepece4eHuy ro-
PH30HTAJIBHOU JIMHUY C OZHOI M3 HAaKJIOHHBIX JINHNH, HaKJIabIBaeTcsI Ha BCe Iepece-
YeHUS ITOM JKe TOPU3OHTATBHOM JIMHUY CO BCEMU JPYTUMHU HaKJOHHBIMY JTUHUAMU C
TaKMM e HakjaoHoM. Hanpumep, ctpykrypa Ha pucyske 2.3 (b) nmokassiBaer, 4To au-
CKpeTU3alvs CUHYCOUABI 4acToToi 7 kI ¢ yacToTol auckperusannu 6 kI gaer Auck-
PETHYIO TIOCTIEA0BATENBHOCTD YHCEI, CIIEKTP KOTOPBIX Npe/iCTaBIsgeT TOHbI C 4aCTOTaMu
1 kI, 7 kT, 13 kT, 19 %It u T. 1. OcTaHoBUMCS Ha MUHYTY U JaJiiM 3THUM BeCbMa
BaKHBIM IIOHATHAM HEMHOTO YCTOSIThCs. [IpeicTaBieHre HellpepbIBHOTO CUTHAA A1-
CKPETHOM MOCIEA0BATENbHOCTIO COAEPKHUT B cebe HeM3OEXKHYI0 HEOTHO3HAYHOCTD B
YaCTOTHOH 06/1acTH. DTy HEOJHO3HAYHOCTh HEOOXOUMO YIUTHIBATH BO BCEX MPAKTHYe-
CKMX aJITOPUTMAax MU(MPOBOM 06pabOTKY CUTHATIOB.
WHTepecylownn

Hac ananasod , .
<— vyacTor —>;<—— Konuss —»€— Konus —>»«€— Konug —»

A\
AV

-f,/2 Y f2 f 2f, 3f, Macrota

AN AN
AV

12 13 18 19 Yactota
(Kru)

(@)

(b)

Puc. 2.3. 3yb6yaTas cTpykTypa: (a) HanoXeHue Ha YacToTax, KpaTHbIX YacToTe Anckpe-
Tn3aumm; (b) Hanoxexue cuHycouabt YacToTon 7 KMy Ha 1 kfu, 13 kMuun 19y,

A Temeps paccMOTpuM 3¢h(PEeKThI AUCKPETUIAINY CUTHAJIOB, KOTOPbIE MPeJCTaBIsa-
10T GOJIBINNI UHTEPEC, Y€M TTPOCThIE CHHYCOUIBI.

2.2. AncKkpeTn3sauna HU3KO4YaCTOTHbIX
CUrHanoB

PaccMoTpuM AMCKpETHU3aANUI0 HETIPEPHIBHOIO AEMCTBUTEIBHOIO CHUTHAJA, CIIEKTD
KOTOPOro MOKa3aH Ha pucyHKe 2.4 (a). 3aMeTHM, YTO CIIEKTP CUMMeTPUYeH OTHOCHTE-
JabHO yactoTsl 0 't 1 ero 3Havenust paBusi 0 4719 yacToT Bhine +B 'y n vioke —-B Iy, 1. €.
3TO cuznan ¢ ozparuventuim cnexmpom. (C IpaKkTUYecKoH TOYKY 3peHHsA TePMHUH Cue-
HAJL C 0ZPAHUYEHHBIM CHEKMPOM TIPOCTO O3HAYAET, YTO S3HEPrusl CUIHajla 3a IIpeaeaMu
auvanasona =B T HuXKe YyBCTBUTEJIBHOCTH Hallel cucreMbl.) 3aJaBIIXUCh YaCTOTOU
AUCKPETH3aHMH f; OTCYETOB B CEKYH/y, Mbl MOXeM yBUAETb 3((HEKT PasMHOXKEHHUS
CIIEKTpa IPH AUCKpeTusanuu Ha pucyHke 2.4 (b), Ha KOTOPOM MOKa3aHB! UCXOIHBIH
CIIEKTP, a TaKXkKe HECKOHEUHOE KOJM4YECTBO KOIUM, TOBTOPSIOMUXCS ¢ TeprogoM f, .
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(Xots B paszesie 1.1 Mbl YCTaHOBIJIH, YTO [IpeCTaBICHUE JUCKPETHRIX ITOCIE/I0BaTE-
JIBHOCTe B 4aCTOTHOM 06JIaCTH CaMo SIBJISeTCS AUCKPETHBIM', KOTIUM CIIEKTPa Ha PH-
cynke 2.4 (b) mokasaHbl HeNPEPBIBHBIMU JHHUSIMH, a He AMCKPETHHIMM TOYKaMH,
IPOCTO JIJIs1 TOTO, YTOOBI PUCYHOK He BBITJIsIZIe)] CIMILKOM 3arPOMOXKAEHHBIM. MBI pac-
CMOTPHUM BCe 0COOEHHOCTH JUCKPETHOTO YACTOTHOIO CIIEKTpa B I1aBe 3.)

A HeripepbiBHbIA CNEKTP
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Puc. 2.4. Pa3mHoXeHue crnekTpa: (a) CnekTp UCXOQHOro HernpepsLIBHOro curHana, (b)
pa3mMHOXeHWe CrneKkTpa ANCKPETHOro curHana npu fg /2 > B; (c) Hanoxexune
4acTOT NPU CNWLLKOM HU3KOW 4acTOTe AMCKPeTU3aumm, NoToMy HTO f; /2<B

BepHeMcsa HEMHOro Ha3af, 4roObl IOHATH BCé 3HaueHue pucyHka 2.4. Ha pucyn-
Ke 2.4 (a) OKa3aH CIIeKTP HENPEPHIBHOIO CUTHAJA, KOTOPhiH MOXET CYHIeCTBOBATh TO-
JIbKO B OAHOM u3 nByX ¢opM. JInbG0 3TO HEIPEepBIBHBIA CHIHAT, KOTOPHI MOXHO
AUCKpeTH3upoBaTh ¢ nomompbio AIIII, mibo a1o nnpocTo abCTpaKTHOE IHOHATHE, TAKOE
KaK MaTeMaTHYecKoe BhIpakeHue i curHasa. OH He MOXeT OBbIThb IpeACTaBJeH B
uudpoBoii MauirHe B popMe ¢ OrpaHUueHHBIM CIIeKTPoM. Kak To/IbKO cHIHaJ mpe-
CTaBJSETCA IMOC/IEI0BATEIbHOCTBIO IUCKPETHBIX 3HAU€HHUH, €ro CIEeKTP IpUHUMAaeT
pasMHOXKEHHYIO (HOpMY, IIOKa3aHHYIO Ha pucyHke 2.4 (b).

Pa3MHOXeHHbIe CTIEKTPbl — He POCTO 104 BOOOpakeH!sI MaTeMaTUKOB; OHU pe-
aJbHO CYILECTBYIOT M OKa3bIBAIOT IJIyOOKOe BIMsHUE Ha TOCIeLYION[YI0 HH(POBYIO
06paboTKy curHasoB’. PasMHOXeHUE CIIEKTpa MOXKeT M0Ka3aThesl 6e3BpPefHbIM, U

1
ITO He COBCEM TaK, HO OCTaBUM JJaHHOE YTBCPXIAEHHUE HAa COBECTH aBTOpa — (npwu nepee.).

2 .
K koHIry pasaena 5.9 B kauecTBe IIpUMepa UCIIONb30BAHHSI TEOPEMBI O CBCPTKe Oy/1eT npHBe-
JEHO Apyroe 060CHOBAHKE PA3MHOXEHHS CIIEKTPA [IPH ePUHORNYECKON JYICKPETU3AIHH.
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€CTECTBEHHO ObLIO GBI CIPOCHTD: «3aueM YAEeISTb TaK MHOTO BHUMAaHUS Pa3MHOXKe-
Hu1o criektpa? Hac Bep MHTepecyeT TOIBKO AUAla30H YacToT B npefieax * f /2». Dto
TaK, HO €CJIM Mbl BBIIIOJTHSIEM OIIepalyio TepeHoca Mo YacToTe WM U3MEHSIEM YacToTy
ZAMCKPETH3ALMU TYTeM NPOPEXUBAHUS UIH HHTEPTIOJIAINH, Pa3MHOXXEHHBIN CIIEKTP
CABUTAeTCs KaK pa3 B MHTEPeCYOMMl Hac Mala3oH YacToT + f. /2 1 MOXKeT BbI3BATh
npo6aemsi [1]. PaccMOTpuM, Kak MOXKHO YIIPaBJIATh PACIIONOXKEHHEM KO CIIEKTpa.

B TPAKTHYECKUX CXeMax AIIII f, Bcerna 6epercs Goabiie 2B, 4T06B! OCTABUTH Pa3-
JeTUTeIbHBIA IPOMEXYTOK B PAliOHE YaCTOT 3aBOpOTa + /s /2 IT0 O4eHDb BaXKHOE COOT-
Howenue: f; > 2B — U3BECTHO KaK Kpumeputi Hawceucma YrobObl NOKA3aTh, IOUEMY
4acrorTa f, /2 HAa3BIBAETCsl YACTOTOM 3aBOPOTA, IOHU3MM YACTOTY MCKPETU3ALINH 110 Be-
JIMYUHBI f 1.5B I'u. CneKTpaibHBIH Pe3YJIbTAT TAKOM TUCKPETU3AIMY TOKA3aH Ha PH-
cyHke 2.4 (c). Komuu ciekTpa Teneps nepeKphIBAIOT UCXOIHBIN CIIEKTP C IEHTPOM Ha
gacrote () T'u. OrpannyuB Harlle BHUMaHHE OKPECTHOCTBIO YacToT *f /2 ', MbI BHAMM
[1Ba 0O4eHb HHTepeCHHIX 3¢ pekTa. Bo-TiepBoIX, HYDKHSSE ¥ BEDXHSISI IPAHKIIB KOTIHH CIIEK-
Tpa C HEHTPATbHBIMH YaCTOTaMHU +f 1 —f, Tereps JexkaT B MHTepecyIolIeil Hac moJoce
4acTOT. JTa CUTYaIMs] IKBUBAJIEHTHA 3aBOPAYMNBAHHUIO HCXOJHOTO CIIEKTPA BJIEBO OTHO-
CHTeJIbHO YacTOThi +f; /2 ¥ BIPaBO OTHOCHTE/IbHO 4acTOTh — f /2. HacTH konuii criex-
Tpa Tellepb B3aMO/IEMCTBYIOT C UCXOAHBIM CIIEKTPOM, B PE3YJIbTATE YETO MOSBJIAIOTCS
omrbKY HaJIOXKeHMs. JIUCKPETHBIE OTCYETDI, CBA3aHHBIE CO CIIEKTPOM, IIOKA3aHHbIM Ha
pucyske 2.4 (c¢), 60Jibliiie He IPEACTABASIOT KOPPEKTHO UCXOAHBIN curHas. CrieKTpasb-
Hasg uHdOpMaIHs B OJIOCaX 4acToT ot —B go —B/2 n ot B/2 no B ' uckaxxeHa. Mui
MI0Ka3bIBae€M YPOBEHb CIIEKTPa B 06J1aCTSAX HAIOXKeHUsE Ooee 61eIHOM TUHMETH, TOCKO-
JIBKY Mbl TOYHO He 3HaeM, KaKuM OH Oyiier.

Bropoit abdekr, mamoctpupyembiii pucyHKoM 2.4 (C), COCTOUT B TOM, YTO BECh CTIEKTP
MICXO/THOTO HENPEPHIBHOTO CUTHAJIA COCPENIOTOYEH B ITOJIOCe YacToT MexTy —f, /2v + f /2.
ITo KII0YEBOE CBOUCTBO MOKa3aHo Ha pucyHke 2.4 (b) u Gyner umers MecTo Beeraa, Hesa-
BHCHMO OT JUCKPETU3UPYEMOTO CUTHaJa ¥ YaCTOThI IUCKpeTHU3alu. IToT 3deKT oco-
GeHHO BayKeH, KOr/Ia Mbl O1i(ppOBBIBaEM HellpepbIBHbIE CUTHaIIbL. OH IpeAypexIaeT Hac
0 TOM, 4TO JIf00asi 3HeprHsi, pacroioxeHHasi Boiire +B ['u u Huxe —B [ B ciekTpe uc-
XO/IHOTO HEIPephIBHOIO CUTHAJIA, TOKa3aHHOTO Ha pUCYHKe 2.4 (a), Bceraa rocje TUCK-
peTU3aLMU OKAXKETCH B MHTEPECYIONIEH HAC MOJIOCE YACTOT, HE3ABHUCUMO OT YAaCTOTHI
muckperusauuy. Ilo aToif mpuyMHe Ha NpaKTHKe HeOOXOMUMbI HelipepbIBHbIE (aHAJIOTO-
Bble) (DUIIBTPBI HUMCHUX YaACTOM.

IIpounmtocTpupyeM ckasaHHOe, TOKa3bIBasi Ha PUCYHKe 2.5 (a) HenpepbIBHBIH CUT-
HaJl ¢ ITMPUHOH criekTpa B, conpoBoxaaeMblil HiyMoM. /J[McKpeTH3alusi 3Tol Hemnpe-
DBIBHOI CMECH € 4aCTOTOI, KOTOpast mpesbiiiaeT 2B, mo3BoJisieT n36eXaTh HATOXKEHUS
KOIIUH CITIEKTPa I10JIe3HOTO CUTHAJIA, HO BCSI 9HEPTHUS NIyMa BCE PABHO MTONA/IAeT B AHA-
TIa30H YacTOT Mexny —f, /2 v + f; /2 Halllero JUCKPETHOTO CIIEKTPa, IOKa3aHHOTO Ha
pucynke 2.5 (b).

[IpakTiyecku 9Ta MpobIIeMa peliaeTcst IPUMEHEHUEM aHATIOTOBOTO AHMUAIAUIUHZ0~
6020 dbuibTpa HIKHUX YacToT mepea AILI ans ymenbmeHus mo60i HexXenaTeIbHOM
3HEPIUH CUrHajla Ha 4acToTax Bblillle +B u Huxke —B I'11, kak nokasaHo Ha pucyHke 2.6.
ITpuMep xapakTeprCTHKY (PUIbTPA HUKHKMX YACTOT IOKa3aH OoJiee GiefHON TMHMEH,
HaJIOX)KeHHOH Ha CIIeKTP UCXOAHOTO HEPEPLIBHOTO CUTHAJA Ha PUCYHKe 2.6. 3aMeTbTe,
YTO CIIEKTP BBIXOJHOI'0 CUrHaa (PUAbTPAa HUXKHUX YACTOT OTPAHUYEH, U HAIOXKEHUI B
crniekTpe BoIXoAHbIX JaHHbIX ATl yaaercs Takum o6pazoM usbexars.

B pycckosi3BIMHOIL JiMTepaType B 3TOM Clly4ae CChIaloTcs Ha TeopeMy KorenbHukoBa —
(npum. nepes.).
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Puc. 2.5. Pa3sMHOXeHue cnekTpa: (2) CnekTp cMecu curHana ¢ wymom; (b) cnexrp am-
CKPETHOrO CUrHana, B KOTOPOM LLUYM YCKaXaeT NoNe3Hbiid curHan
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Puc. 2.6. Husko4acToTHasa GunbTPaUMa Nnepea amckpetusaumeil ¢ yactoton f 'y

ItuM 3aBepuiaetcsa o6CyXKaeHue MPOCTON HU3KOYaCTOTHOM AucKperu3anuu. Te-
nepb nepeiineM K 6osiee CA0KHOM CXeMe JIUCKPeTH3alUU, KOTOpasi 0Ka3aaach BeChMa
T0JIE3HOM Ha IIPAaKTHKe.

2.3. AuckpeTunsauuns nonocoBbIX CUrHaNoOB

XOoTs1 TUCKpeTU3aIMsl HU3KOYACTOTHBIX CUTHAJIOB, MJLTIOCTPUPYEMast PUCYHKOM 2.6,
YAOBJETBOPsieT GOMBIIMHCTBY TpebGOBaHM, 3TO He €JMHCTBEHHAS! CXeMa ANCKPeTH3a-
[[UH, UCTIOJIb3yeMasi Ha IpaKkTHKe. [[J1s1 AMCKpeTH3aIi HelIpepbIBHBIX 0JOCOBLIX CHI-
HAJIOB, IEHTPAIbHBIE YACTOTHl KOTOPBIX OTJIMYHBI OT HYJisI, MBI MOXKEM HCIIOJIb30BaTh
METO/I, U3BECTHBIN KaK 10/10c08as duckpemuzayusi. Koraa mmpuHa crieKTpa U LeHTpaJib-
Hasl YaCTOTa HEMPEPHIBHOTO BXOAHOTO CUTHAMA TIO3BOJISIOT, II0JI0COBAs TUCKPeTH3aIs
He TOJIBKO J1aeT BO3MOXKHOCTb CHU3UTH Tpebyemoe bpictponeiictBiie AIII mo cpaBue-
HHIO C TPAANI[MOHHOM HU3KOYACTOTHOM JUCKPETU3AIINEN, HO U YMEHBILAET 00beM ramsi-
TH, HEOOXOIMMBIH [IJisi XPAHEHMsI CUTHAJIA Ha 33/IaHHOM MHTEPBaJIe.

B kauecTBe ripuMepa paCCMOTPUM JAUCKPETU3AIMIO CUTHAJIA C OTPAHNYEHHBIM CIIeK-
TPOM, II0Ka3aHHOTO Ha pUCYHKe 2.7 (), C LeHTPaIbHOI yacToTol f, = 20 MI'nt u mupu-
HOW crekTpa B = 5 MI't. Mu1 ucnionib3yeM TepMUH HOJOCOBasl AUCKDETU3ALUS IS
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IIpollecca AUCKPeTU3aluH HelIPePhIBHBIX CUTHAJIOB, HEHTPAJIbHbIE YACTOTHI KOTOPHIX
oranunbl oT 0 I'. To, 4To MBI Ha3bIBaeM NOJIOCOBOM AMCKPETU3ALUEH, B IUTEpaType
YIOMHHAETCsl 110/, Pa3JIU4YHBIMU JPYTUMH Ha3BAHUSAMM, TAKUMH KaK JHCKPETHU3AIMS
[TY, rapmoHmyeckasi fuckperusauus 2], cy6-HaAUKBUCTOBCKAS AUCKPCTU3ANUA U AU~
CKpeTH3alus C IOHIKeHHOH yacTtoTol [3]. B ciyyae nmosocoBoit AMCKPeTU3aAIHHA HaC
6oJIbllle BOJIHYET IINPUHA CIIEKTPA CUTHAJIA, YEM €ro HauBBICLIAs 4acTOTa. 3aMeTHM,
YTO YacTb CUTHAJIA, COOTBETCTBYIOMNIASI OTPUIIATEILHBIM YaCTOTaM, C LIEHTPOM Ha 4acTo-
Te —f ., IpeAcTaBJisieT coboii 3epKaspHOe OTPaXKEHHE YACTH, COOTBETCTBYIOLIEH HOMOXHU-
TEJIbHBIM YaCTOTAM, KaK U TO/DKHO ObITh Jis AeHCTBUTEIbHBIX CUTHAI0B. HauBpiciias
4acToTa B CIEKTPe Hallero MoJIoCOBOTO CUTHasa cocTaBaser 22.5 MI'. B coorBercT-
BUH ¢ kpuTepueM HailkBucTa (AuckpeTusaius ¢ 4aCTOTOH, IpeBbIHIaIONIel B 2 pa3a
HaUBBICLIYIO YaCTOTY B CIIEKTpEe CUTHAJIA) YacTOTa AUCKPETU3AIMM [O0JKHA COCTaB-
JATh He MeHee 45 MTu. PaccMoTpuM, UTO IPOM3OM/IET, €CJIM YACTOTA JUCKPETUZAIINH
6yaer paBHa 17.5 MTI'u, kak nokaszaHo Ha pucynke 2.7 (b). 3aMeTuMm, YTO UCXOAHbIE
CIIeKTpasibHble KOMIIOHEHThbI OCTAIOTCS Ha YacTOTaX tf,, a KOIINH CIEKTPa PACIOIOKeHbI
B 06/1aCTH HU3KUX YaCTOT, CMBIKAsACh Ha HyJieBol YacTtote. Pucynok 2.7 (b) mokaspisaer,
YTO YISt TOTO, YTOObI U36eKATh HAJIOKEHMIA CIIEKTPa, He HyKHA AMCKPETU3ALMS C YacTo-
Toi 45 MI'1 — BMecTo 3TOro Mbl UCTIOIb3yeM 3 ¢heKT pasMHOXKeHUs crieKTpa (2-5)
JUJIs1 JOCTUXKEHUSI CBOEH 1ieJIN.
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Puc. 2.7. [Juckpetnsauws Nonocosoro curyana: (a) cnekTp NCXoAHOro HenpepbliBHOro
CUrHana; (b) pasMHoXeHue cnekTpa AMCKPeTU3NpPOBaHHONO CUrHana npu 4ya-
crote auckpermsaumm 17.5 My,

IlonocoBas aucKperusauyst BHINOJAHSAET OUU(POBKY ¥ IIEPEHOC NO YaCTOTEe Kak
OIMH IpOLECC, KOTOPBIf YaCTO Ha3bIBAIOT OUCKpemusupyrouum neperocom. B mupe
1uncpoBoil 06paboTKM CUTHAJIOB MPOLECCHl AUCKPETHU3AIMA U FEPEHOCA 110 YaCTOTe
TECHO CBSI3aHBI IPYT € APYTOM, a KaX/1asi oliepalins JUCKPETH3allMY BHYTPEHHE HPUBO-
JAMT K Pa3MHOKEHHIO CIeKTpa. JIIoOOTIBITHBIM YHTATEIb MOXKET CIIPOCUTD: «A MOJKEM
JI1 MBI JUCKPETU3HPOBATh C enie Hoslee HU3KOM YaCTOTON M He UMETb HAMOXKEHUH ?»
OTBeT: 1a, HO YTOObI YCTAHOBUTD, K4K 3TO CIE/aTh, Mbl JIOJKHbBI IIPOOUTHCS CKBO3b
BBIBOJ, OXHOTO Ba’XKHOTO COOTHOLIEHUS] HOJIOCOBOM AuCKpeTHu3auuy. Bo3Harpaxie-
HHE, OZHAKO, OYAET CTOMTh 3aTPAYEHHBIX YCUJIHH, IOTOMY YTO HMEHHO 3/1€Ch IT0JI0CO-
Basl AMCKPETU3allHs AeHCTBUTEIbHO CTAHOBUTCA HHTEPECHOI.
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IIpeano10XuM, 4TO MbI UMeEM HellpephIBHBII BXOIHOM CUTHAJI C LIMPUHOM CIIEKTPa
B. Ero necywas wacmoma pasHa f, I'li, T. e. LleHTpaJIbHAasl YACTOTA €r0 CIIEKTPa PaBHa f
I'l;, a CIeKTp AMCKPETH3MPOBAHHOTO CUTHAJIA NTOKa3aH Ha pucyHke 2.8 (a). Mt Moxem
JMCKPeTU3HPOBATh 3TOT HENPEPbIBHBIIA CUIHAJ C 4aCTOTOH, ckaxeM, f, [', Tak ¥TO KO-
MM CHEKTpa I TIOJOKUTENbHBIX 1 OTPULATEIbHBIX YacTOT, P u @, CTBIKYIOTCS Kak
pa3 Ha wactote 0 I'. ITa cuTyanus, nokasaHHas Ha pucyHke 2.8 (a), HamoMuMHaeT pu-
cyHok 2.7 (b). IIpu npousBoIbHOM KOJIMYECTBE KOIUii, HAIpUMep, m B AuanasoHe 2f,
— B MBI BUIMM, YTO

mf, = 2f,~ B wn f, = (2f,~ B)/m. (2-6)

reenengs
N
@
v
®
f

Y
PR

@

(b)

YacroTa

Puc. 2.8. [pegenbl 4acTOThI NPU NONOCOBOW AUCKPETU3aumn: (a) HactoTa AMcKpeTn-
3aumu fg. = (2f, - B)/6; (b) yacToTa AMcKpeTM3aummn MeHbLue fg.; (C) MuHUMa-
NbHasi 4acToTa auckpertnaaumm fg. <fo -

Ha pucynke 2.8 (a) m = 6 1puHATO TOJBKO U1 WiLIocTpanyy. Koneuno, m Moxer
ObITD JIIOOBIM TIOJIOKUTENIBHBIM YHUCTIOM, €CJIM TOJIBKO f;. He Menbile 2B. Eciu yacToTa
RUCKPeTH3alUH [, TIOBBIIAETCS, HCXOAHBIA CIIEKTP (KMPHAs JTNHUS ) HE CMELLAETCsT, HO
BCE €0 KOIMM cMewaTcst. B6,su HyneBoi yacToThl nosioca P caBuraeTcs BIpaso, a
nosioca Q — BI€BO. ITH KOIIMHU EPEKPOIOTCS, U BO3HUKHYT UCKaskeH!sI Haloxenus. Ta-
KM 00pa3soM, u3 (2-6) ciexyeT, 4To A5l IPOU3BOJILHOTO M CYLIECTBYET YacToTa, KOTO-
PYIO YaCTOTA JUCKPETU3AHUH He JOJIKHA IPEBOCXOAMTD, UK

fs's (QfC—B)/m nin (2fc_B)/m 2fs' . (2'7)

Ec/ Mbl yMEHBIIINM YACTOTY AUCKPETH3ALIHHN HIDKE 3HA4eHU [, TTOKA3aHHOTO Ha PU-
cyHKe 2.8 (a), IPOMEXYTKH MEXAY KOIMSIMU OYIyT YMEHBIIATbCS B HAlIpaBJieHUH CTpe-
1ok Ha pucyHke 2.8 (b). B 3T0M ciTy4ae HCXOXHBIN CIIEKTP TOXe He OyIeT CMelaThes IPH
M3MEHEHMH YaCTOThl IMCKpeTH3auy. I1pH HEKOTOPOil HOBOJ YaCTOTE AHCKPETU3ALMH [,
fe»<[f,, xonus P'ynipeTcst B MCXOHBIH CIIEKTP B 06JIACTH TI0JI0XKUTETbHBIX 4aCTOT C HEHT-
POM Ha JacToTe f, , KaK MoKa3aHo Ha pucynke 2.8 (c). B'aTom ciry4ae Mbi 3HaeM, 9T0

(m + 1)f,.=2f, + B win _f,.= (2f, + B)/(m + 1) . (2-8)
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IIpu nanbHeiinreM yMeHbIIeHNH . Komusa P’ GyneT cIBUraThesl BHU3 TI0 4aCTOTe U
HayHeT HaK/IaJblBaThCsl HA MCXO/IHBIM CIIEKTP Ha YaCcTOTe f,, UTO IIPUBEZET K MCKaXe-
Husam. CieoBaTesIbHO, coryiacHo (2-8) anst m+1 cyliecTByeT 4acToTa, KOTOPYIO 4acTo-
Ta IMCKPEeTU3alliK BCEr/la JOJKHa IIPeBbIIIATh, WU

Sz @Qf +B)/(m+1). (2-9)

Tenepsb Mbl MoKeM 06benMHUTD (2-7) 1 (2-9) U cKa3aTh, 4TO AJi NPEJOTBPALIEHUS]
HaJIOXKEHHH YacToTa f; I0/KHA BHIOUPATHCA B IMANa3oHe OT [ 10 fo:, WIn

fe-By/m= f; = @f +B)/(m+ 1), (2-10)

r7ie m — MPOM3BOJILHOE TIOJIOKHUTEBHOE 1EJI0€ YUCTIO, KOTOPOe BHIOMPAETCS TaK, YTOObI
BBINOJIHAJIOCH COOTHOIIeHue f = 2B. (/114 3Toro THIa repuoIu4ecKoil ANCKpeTH3auy
JEeACTBUTEBHBIX CUTHAJIOB, U3BECTHOrO KaK JIeCTBUTENIbHAS JUCKPETH3AIUA 1ePBOro
TOPsiIKa, MO-TIpeXKHeMY JI0JDKeH YAOBJIeTBOPAThes kpuTepuii Haiiksucra f, > 2B.)

Yrobst Iyyiile IOHATh BaxkKHOe cooTHOMIeHHe (2-10), BepHeMcst K HallleMy IIPUMepY
HOJIOCOBOTO CHIHAJIA, JUIs KoToporo (2-10) nosposser moctpouts Tabmuiy 2.1. Ita Tab-
JIWIa TOBOPHUT HaM, YTO YaCTOTA JUCKPETU3AIMU MOKET HAXOAUThCS B /IMana3oHe oT 22.5
a0 35 MI'u, B anamnasone ot 15 xo 17.5 MTI'ty wiu B ananasdone ot 11.25 no 11.66 MI'n.
Hukaxoe 3HavyeHue yacToTHl AUCKpeTU3auy Hike 11.25 M Ty HenpremieMo, IOCKOJIb-
KY OHO He YIOBJETBOPSAET HU cooTHoleHHIo (2-10), Hu ycnoBuio f; = 2B. CriexTpsi
/1151 HAILEro HOJI0COBOTO CUTHAJIA IIPH HECKOJIbKUX YaCTOTaX JUCKPETHU3aIuy 13 Tabsu-
1b1 2.1 Mokasaue! Ha pucyHke 2.9. 3aMeTuM, 4To, Koraa f, paBha 7.5 MT'u (m = 5), MbI uMe-
eM HaJIOXKeHHe, IOTOMY YTO HH HIDKHss rpaHuua B (2-10), Hu ycnosue f, = 2B ne
cobmoznaioTcsi. 3HayeHMe m = 4 TakKe HeTIpUeMJIeMO, T. K. ycJioBue f, = 2B He yaosner-
Bopsietcst. [Tocaennuit cronbert Tabuipt 2.1 CORepKUT onmumanvHbie 3HaYeHH Hac-
TOTBI IUCKPETHU3ANNH /151 KX /I0TO HOAXOAAIETr0 3HaueHusi m. ONTUMAaJIbHAs YaCcTOTa
JTUCKPETU3AIMH OTIPe/ieisIeTCs 3[ECh KaK YaCcTOTa, IPU KOTOPOU KOIUH CIEKTPa He CO-
IpHKACAIOTCS APYT C IPYTOM, 33 UCKIIOYEHHEM OKDECTHOCTH HYyJeBOH yacToThl. Ha-
ApuMep, B AMUana3oHe JOMYCTUMBIX 4YacTOT AJs m = 1 ropasfio jierde BBIIOJHSTD
oc/eAyILyI0 THGPOBYIO (PUIBTPAIUIO WK APYTYyI0 00paGOTKY OTCYETOB CHTHAJIA,
CIIEKTP KOTOPOTO NoKa3aH Ha pucyHke 2.9 (b), 4eM B ciiydae criekTpa, TOKa3aHHOTO Ha
pucyske 2.9 (a).

Tabnuua 2.1. Peaynbtat npuMeHeHus (2-10) k npumepy N0AOCOBOro curHana

m (2fc—B)/mW (2fC+B)}(m + 1)” OntTumanbHag

qacToTa
_ AUCKpeTU3auumu
1 350Mru 225Mry 225Mry
2 17.5 My 15.0 My 17.5 My
3 11.66Mry 11.25 My ' 11.25 My
4 8.75Mry 9.0 Mry —
5 7.0 My 7.5Mry —
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Yuraresb MOXKET IOUHTEPECOBATHCS: « Beera jiv OTUMaibHas YacToTa JUCKPeTH-
3allMM PaBHa MUHMMAJIbHOMY JOTTyCTUMOMY coriacHo (2-10) 3Hauenuro f;?» OTBerT 3a-
BHUCUT OT KOHKPETHOI'O IIPUJIOKEHUA — BO3MOXKHO, UMEIOTCSI HEKOTOPBIE CHCTEMHBIE
OrpaH{uYeHHUs, KOTOpbie cienyeT ydyecTh. Hampumep, B nubpoBon Tenedonuu ans
ynpouleHus gajipHeiiiiei 06paboTKH 4aCTOTH JUCKPETU3ALNHN BHIOUPAIOTCS KPATHbI-
mu 8 k111 [4]. Jpyrum pakTopoMm, 3aBUCAIIIM OT NIPUJIOKEHHS U BIUSAIOUINM Ha BBIGOP
ONTUMAJIBbHOM [, ABNAETCA (OPMA XaPaKTePUCTUKY aHAJIOTOBOT'O AHTU3IAU3WHTOBOTO
¢unbTpa [5]. Ha npakTike 4acTo KOMIOHEHTHI BBICOKOKayecTBeHHbIX ALLTI nacmpau-
saomcs B TIpoLlecce HPOM3BOJACTBA TaK, YTOOBI 00ECNEYUTh MAKCHUMAIBHYIO JHHEH-
HOCTB Ha BBICOKMX YacToTax (>5 MI). x ucnonb3oBatue Ha 60jiee HUI3KHX YaCTOTaX

HE€ PEKOMEHAYECTCA.

Jnst wnmoctpatmu npuposast (2-10) 6110 6b MHTEPECHO TTOCTPONTD rpaMK MUHKI-
MaJIbHOM 4YacTOThl Auckperusanuy, (2f,+B)/(m+1), mpu pasHbiXx 3HAYEHUSIX M, KAK

dyHK1MIO TepeMeHHO R, onpenesisieMol Kak

R = (nausvicwas wacmoma)/(wupuna cnexkmpa) = (f,+ B/2)/B .

WcxopHbin cnexTp fs/z WexoaHblid cnexkTp
\ fs =35.0 My w L
< - X m=1
(@) N\ Y
T T T T T T T e M>F
250 -20.0 -15.0 -10.0 -5.0 0 50 100 150 200 250 u
fo=22.5Mry fs/2 =1
N ~N
® [ | AN
{ v 1 LI B | S LI ) L L] 1] L 1 M
250 -20.0 -15.0 -10.0 100 150 200 250 u
fo=175Mry
fol2 m=2
(c) NI e ¥ S .
T T AL A NN AL R DL B AN I Rporet
250 -20.0 -15.0 -10.0 -5.0 0 50 100 150 200 250 Y
fs/2
fs=15.0 MMy T
N7 N7 N
© NN m NN -
| LA L LI L DL LA LN Pyre
250 -20.0 -15. o -10 0 -5 50 100 150 2006 250 4
fs = 11.25 My
™ 7 /N
/,//, \\\\\ T N 7
e L L AL
260 -20.0 -15.0 -10.0 50 ¢ 50 100 150 200 25.0 Mr“
® —T— T IT‘IﬁT[—I/| |>1 T v|ﬁ T ]ll T -

-250 -20.0 -15.0 -10.0 -5.0 - O 5.0 10.0 150 20.0 25.0 My

Puc. 2.9. PaznniHble BapuaHThl pasMHOXeHNs cnekTpa ua tabnnust 2.1: (a) =35 MI'y; (b)
[=22.5MI'y; (c) f;=17.5 MINy; (d) f;=15 MI'y; (e) £=11.25 MIy; (f) £=7.5 MI'y,
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Ecau Mbl IpOHOpMUpYeM MUHHUMAIBHYIO YaCTOTY AUCKpeTH3aIuu us (2-10), pas-
JIeJIUB ee Ha INMPHUHY ClleKTpa B, MBI Tos1yynm rpachyk B HODMUPOBAHHBIX KOOP/{MHA-
TaX, IIOKa3aHHBIA *KUPHOH auHMeNl HAa pucyHKe 2.10. TOT PUCYHOK MOKa3hIBAaET
MUHHMMAJIbHYI0 HODMHPOBAaHHYIO 4acTOTY AUCKPETH3ANMH KaK (YHKIIUIO HAUBBIC-
nre HOpMUPOBAHHOM YaCTOTHI B CIIEKTPE MOJI0COBOTO CUIHAMA. 3aMETHM, 4TO, He3a-
BHCHMO OT 3HauYeHUs R, MUHMMaJIbHAS YaCcTOTA AUCKPETU3AUY HUKOT A He JOJIKHA
npeBOCXOAUTh 4B 1 npubamxkaercs k 2B npu yBejindeHnH Hecynleil yactoThl. Kak
3TO HH YAUBUTEIbHO, MUHUMAaJbHAsI OMYCTUMAsI YacTOTa JUCKPETU3alMU B JeHCT-
BUTEJIbHOCTH NOHUXAETCS IIPU YBeJIMYeHHU HECYTIIeHd YaCTOTHI [T0JI0COBOr0 CUIHAA.
Mb1 MosxeM UHTepIpeTHPOBaTh PHCYHOK 2.10, paccMOTpPEB CHOBa Halll IIPUME] MTOIO0-
COBOTO CHUrHasa Ha pucynke 2.7, rae R = 22.5/5 = 4.5. 910 3Hayenne R otMedeHo Ha
pucynke 2.10 cepoit nmunuel, nokassiBas, ytom =3 u f, /B =2.25. TIpu B = 5 MTino-
JyyaeM MUHUMaxbHOe 3HaueHue f, = 11.25 MI'y, urto cornacyercs ¢ tabmumeit 2.1.
Kpaiinasa nepast munusa Ha pucyHke 2.10 COOTBETCTBYET CIIy4aio HU3KOYaCTOTHON AUCKpe-
TU3aLIMH, KOI/[a YacTOTa JUCKPETU3AUH f, TOTLKHA PABHATHCS YABOEHHONW HAMBbICIIE
JacTore B cnexTpe. Takum 06pasoM, HOPMHPOBaHHAsL YaCTOTA AUCKpeTu3auuy f; /B
PaBHA YABOCHHOM HaMBBICIIEH YacToTe, AeJleHHOH Ha BB, ApyruMu cioBaMHu, paBHa 2R,

MunumansHoe aHauenve f/B
4.0

3Ta NUHNUA CooTBETCTBYET
35 CryMal HU3KOYacTOTHON
[UcKpeTUsaumu, T. e. fs = 2(fc + B/2)

3.0

25 : 9 //q' P
2.2 ; /V % 2 9 1 3

. A " = = =z
20 / / / | / = ; yy
15 . N .

1 2 3 4 "V 5 6 7 8 9 10 R
OTHOLWEHNE HaMBLICLUER YACTOThl KOMMOHEHTA K LUMPUHE CNeKTpa

w

Puc. 2.10. MunvumanbHas 4acToTa NoNoCOBON AUCKPEeTU3aLUumn cornacHo (2-10)

Pucynox 2.10 xopomio U3BecTeH 110 IuTepaType, HO ero oObIYHOE TIpeCTaBJeHne
HO3BOJIAET YUTATENI0 IPUHUTHU K JIOKHOMY 3aKJIIOUEHUIO O TOM, 4TO Oy CTHMOM 4acTo-
TOM IcKpeTu3almu Oyet Jobast 4acToTa BhIle MUHMMYMA, TIOKa3aHHOTO Ha JaHHOM
pucyHke [6-12]. CymectByeT pa3ymusiii criocob usbexarp Henopasymenuii [13]. Eciu
MBI [TOCTPOUM rpadyk IIPUEeMIEMBIX IUANa30HOB YaCTOTHI MMOJIOCOBOM AVCKPETH3AINH
cornacHO (2-10) xak dyHxnuio R, MBI IIOJIy4UM KapTUHY, IPUBENIEHHYIO HA PUCYH-
ke 2.11. Kax MbI Bugenn u3 (2-10), Tabmuist 2.1 v pucynka 2.9 101yCTUMBbIE YaCTOTHI
HOJIOCOBO AMCKPETU3aUMH 00Pa3yIOT PSIZl YACTOTHBIX AUAIIA30HOB, pa3Je/leHHbIX Hell-
pHeMJIEeMBIMU AMANa30HAMU 4aCTOT JUCKPETH3ALUH, T. €. JONYCTUMasl YaCcTOTa I0JI0-
COBOI AMCKPETU3AIIMH JO0JKHA ObITH BhIlIE MUHMMYMa, [I0Ka3aHHOTO Ha pucyHke 2.10,
HO He MOJXeT OBITh IPOCTO JIF060il 4acTOTO, npesbluameil MuHuMyM. Cepble 061ac-
TH Ha pucyHKe 2.11 noxasbpIBaloT Te HODMUPOBAHHbIE YACTOTHI IOJIOCOBOM IUCKPETH3A-
11H, KOTOpble IPUBOJAAT K HAJIOXKEHUIO CIIEKTPOB. YacToThl MUCKpeTH3alMK B GeIbix
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obnactsax pucynka 2.11 gomyctumsl. Takum 06pasoM, A/ HOJIOCOBON AUCKPETH3ALUH
MBI XOTHM BbIOPATh 4aCTOTY JUCKPETU3ALMHU B OAHOU U3 OeJIbIX pacXOISIIUXCA TOJI0C,
COOTBETCTBYIONIEH HEKOTOPOMY 3HaueHuIo m u3 (2-10). ITonpobyeM MoHATh 3HaYEHHE
pucyHKa 2.11¢ moMObI0 pacCCMOTPEHHOTO PaHbllle NPUMEPa TI0JI0COBOTO CUTHAIA, 110~
Ka3aHHOTO Ha PUCYHKe 2.7.

‘ Yacrota guckpeTusaumm (fS/B)

§

12 + e *“ 3arteqenHan obnacts |
npeacTasnset
3aNPEeLLeHHYIO 30Hy

10 .

1 2 3 4 5 6 7 - 8 9 10
OTHOLWEHWe HauBbLICLLIEN YaCTOTbl KOMNOHEHTA K wipuHe cnekrpa

Puc. 2.11. O6nactun gONyCTUMbIX 3Ha4eHMi1 4acTOT NOIOCOBOW ANCKPETU3aL MM Cornac-
HO (2-10), HOPMaNN30BaHHbLIX OTHOCUTENbLHO LUMPUHBI CriekTpa CurHana f/B

Ha pucynxe 2.12 3nayenne R (HauBBICHIAs YACTOTA,/ITUPYHA CIEKTPA) 4151 HALIIETO
IIpUMepa, paBHOE 4.5, T0Ka3aHO XKUPHOH Cepoit BepTHUKAJIbHOM JnHUe. [IocKoIbKY 3Ta
JIMHUS TIepeceKaeT BCEro Tpu OeJible KIMHOOOpas3Hbie 06J1aCTH, MOXHO CA€/IaTh BHIBOJ,
4TO CYIIECTBYIOT BCEro TPH ANANIa30HA JOMYCTHMBIX YaCTOT AUCKPETU3AIUY, U 3TO CO-
I71acyeTcsi C pe3yJIbTaTaMH, IpuBeAeHHbIMH B Tabuile 2.1. [lepeceyenve mnuu R = 4.5
¢ rpaHuIIaM¥ GeJIbIX KIMHOOOPas3HbIX 00/1acTel JaeT 3HaYeHUs YaCTOT AUCKPETU3alluH,
npuseneHybie B Tabnuie 2.1. Takum obpasom, pucyHok 2.11 aaer sHauuTesbHO Gosee
HaIJISITHOE N300paKeHNE MPAHUIL JOMYCTUMBIX 3HAYEHMH YACTOT MOJIOCOBOM JANCKPETH-
3aIuH, yeM pucyHok 2.10.

Xots pucynku 2.11 u 2.12 n1oka3sIBaioT, 4TO Mbl MOXKEM HCIIONIB30BATh YaCTOTY AU-
CKPeTH3allMH, JIeXKALYIO Ha TPAHUIIE MEXAY Cepoil i 6esoi 061aCTIMU, STUX 3HAYEHUI
YaCTOTHI AMCKPETH3AINH Ha TPaKTHKe cielyer usberatb. HenmeanbHOCTb aHAIOTOBBIX
MOJIOCOBBIX (PMUIBTPOB, HECTAOMIIBHOCTh IeHepaTOPOB TAKTOBBIX CHUTHAJ/IOB YACTOTHI
AACKPETH3aIMH, HecoBeplleHCTBO uMetomuxcs ALl genaoT HEBO3MOXKHOH TOYHYIO
PEATN3ALIUI0 3TOTO UdeanvHo20 cydasi. [1Jis yBepeHHOCTH ObLI0 ObI pa3yMHO BEIOHUpATh
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3HaueHue f;, HeCKOJIBKO yaneHHoe OT rpaHui] o6iacTi. PaccMoTpuM clieHapuii oJio-
COBOM AMCKPETU3ALMH, IIOKa3aHHbIH HA pucyHKe 2.13. [Ipu ncnonp30BaHMH THIIOBOTO
(HeueaTbHOTO) AHAJIOTOBOTO TI0JIOCOBOTO (DMJIBTPA, YACTOTHAS] XapaKTePUCTHKA KO-
TOPOTO TIOKa3aHa CePOi IMHUEH, pa3yMHO 6b1J10 Obl HCITOJIb30BATh B HAIIMX YPABHEHM-
SIX B Ka4eCTBe WHPHHBI OJIOCH IIpotycKaHus He B, a By;. To ecTb MBI co3fiaeM 1o obe
CTOPOHBI MTOJIOCHI IPOITYCKaHUS (PHIbTPa 3all[UTHEIE nonocm TaK YTO CTAHOBUTCS BO3-
MOJKHBIM HEKOTOPOE HAJIOXKeHHe CIIEKTPOB, KOTOPOe He NCKaXKaeT II0JIe3HBIH CUTHAJL,
KaK [10Ka3aHO B HIDKHEN YacTH pucyHka 2.13.

‘ YacToTa guckpetnsaumu (fS/B)
s ¥ .

=7Tef—35Mru

=45,1.ef;=225MMy

efs=15MI'y

Mpnmep nonocosoro - _B =225, 1. e.f;= 11.256 MMy
curHana: R=4.5 -"'>'y,
oy ; —
4.5
1 2 3 4 5 R

OTHOLIEHNE HAUBLICLLIEN YaCTOThl KOMMOHEHTa K WWPWUHE crekTpa

Puc. 2.12. JonycTumble 4aCTOTbl AUCKPETU3aUMU 418 NPUMEpPa NONOCOBOro curHana (B
=5MHz)npuR=4.5

MbI MOKEM CBSI3aTh 3Ty UAECI0 MCIIOJIb30BAHMS 3AIMTHBIX I0JIOC ¢ pUCYHKOM 2.11,
MOCMOTpeB 60Jiee BHUMATEIBHO Ha OIMH 13 OebIx KiMHbeB. Kak Moka3aHo Ha pUCyHKe
2.14, MpI X0TesIM GBI BHIOPATh YaCTOTY AMCKPETU3AIMH KaK MOXKHO O/HKe K BepIIHHe
6esioit 061aCTH — YeM HIXKE MbI CMEIaeMCst 110 KJIMHY, TeM HIDKe 4acTOTa JUCKPETHU3a-
uun. OHaKo, yeM GJrKe Mbl HAXOIMMCSI K TPRHHUIIE 3aTeHEHHON 00JIaCTH, TeM yoKe 0
XHbI OBITH 3AIUTHBIE MOJIOCHL, IS Yero TpeOyeTCsl aHATIOTOBbIH ITOJIOCOBOH (DHIIBTP C
60J1ee KPYThIMHU CKaTaMM YaCTOTHOM XapaKTEPUCTUKH, a TAKKe GoJtee y3KUe JOMYyCKH Ha
TOYHOCTh M CTAGUJIBHOCTE YaCTOTHI 3a/atoliiero renepatopa Hamero AILIL (Ilomuute,
4To paboTa Ha TrpaHuile MeXKIy Oesoit u 3aTeHEeHHOM 061aCTSIMM IIPUBOIUT K TOMY, YTO
KOIMH CIIEKTpa CONPHKacaTes Apyr ¢ apyrom.) [loatomy zist 6e301macHOCTH MBI pa-
60TaeM B HEKOTOPO MPOMEKYTOYHOH TOYKE, HA HEKOTOPOM PacCTOSTHUM OT TPaHHil 3a-
TeHEeHHBIX 30H, KaK MMOKa3aHo Ha pucyHke 2.14. /lanpHeiimuii aHanu3 COOTHOIIEHUA
IIMPHHBI 3AIUTHBIX MI0JIOC U MapameTpoB curxpocurnanos AILIT npusogurces B [13].
B namem 06CcyX/IeHUM MBI TOJBKO KOHCTATHPYEM, YTO XOPOIIIMM SIBJISETCS BBHIOOP Ta-
KOt 4aCTOTbI AMCKPETU3ALMH, KOTOPAS JIEKUT HC CITUIIKOM OJIN3KO K TPaHULIAM MEXTY
GesIbIMH ¥ 3aTEHeHHBIMU 00JACTSIMU Ha pUCYHKe 2.11.



2.3. Auckpetnsauus nosocoBbIX CUIrHaN0s 57
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Puc. 2.14. Tunosbiid BuIGOP pabo4ero sHavenus fg 4N KoMneHcauun HenaeanbHoOCTH
annapartypsl i

HnMeercs HeCKOJIbKO crioco6oB obecniednTs paboTy Baau ot rpaul. OUH COCTO-
MT B TOM, 4TOOBI YCTAHOBUTH 3HAYEHHE YACTOTH AUCKPETU3AUM NOCpeau 0eioro
KJIVMHA JJIg 33laHHOTO 3Ha4eHus: R. Mbl Jes1aeM 3T0, BBIYMCIIAS CpeHee MEXKTY MaK-
CHMaJbHbIM U MUHUMAJTbHBIM 3HAYEHUSIMU YacCTOTH AMCKpeTnsanuu B (2-10) mas
KOHKDETHOTO 3HAYEHUsI M, T. €. [/ [EHTPUPOBAHUS paOOY€el TOUKU YaCTOTH JUCKpe-
TH3ALUH BHYTPU KJIUHA MbI UCIIO/Ib3YEM BhIpaskeHue

fscntr= [(fc = B)/m+(2f,+ B)/(m + 1)] /2 =
== B/2)/m+{,+B/)/(m +1). (2-12)
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I pyroii criocob He MONACTb Ha TPaHUILY Ha PUCYHKe 2.14 COCTOUT B UCTIO/Ib30BAHUH
CJIEYIOLIETO BHIPAXKEHHS 1JIs1 OTIpe/IesieH st IPOMEXXYTOUHOl paboyeii TOUKH f :
1

fsi=4fc/modd’ (2'13)

rae m,,; — HedetHoe 1enoe [14]. McnonbaoBanue (2-13) faet To NpeUMyIECTBO, YTO
CIIEKTP MHTEPECYIONIETO HAC JUCKPETH3HPOBAHHOTO CUTHAJIA Oy/IeT EeHTPUPOBAH OTHO-
CHUTEeJIbHO YaCTOTHI, PABHOI YeTBEPTHU YaCTOTHI AUCKPETHU3AIUU (fsz. /4). Ita cutyauus
NIPUBJIEKATE/IbHA, T. K. [IPH 3TOM CYIIIECTBEHHO YIIPOLIAeTCs [Toc/IeAyloliee KOMILJIEKCHOe
NOHMXaolee mpeoOpasoBaHue (EPEHOC MO YaCTOTe ), UCIOIb3YEMOE BO MHOTUX IIPH-
noxenusx undposoi cBsisu. Koneuno, 3Hauenue m,;; 10JHKHO BHIOUPATHCS TaK, YTOOBI
BBINIOJTHSAJIOCH orpaHyenne HalikBucra fsl. > 2B. Pe3aynpTaThi IpUMeHeHUs yPaBHEHHI
(2-12) u (2-13) K HalleMy OJIOCOBOMY CUTHAJTY NIpUBEieHBI Ha pucyHke 2.15.

AL‘-laCTOTa AvckpeTusaummn (fS/B)
]

T T V
74 I
6 .- —
[« 1, =2875Mry
cntr
5 4 — |
) f, = 16.0 My
- !
y 4, s o= 16.25 My

"

fy, = 11.43 My

/

Mpumep NoNocosoro
curHana: R=45

o= 11:46 MMy

———

Y } } } 75—+
1 2 3 4 ' 5R

OTHOwWweHne l-taVIBbICLueﬁ HacToTbt KOMNOHEHTA K WWUpUHe cnekrpa

Puc. 2.15. NpomexyTouHbie pabouune 3HaueHus fg,u fsontr COTNACHO (2-12)n(2-13), no-
3Bonsme nabexartb paboTbl HA rPaHULLAX CEPBIX 30H, AJIA NpUMepa nono-
coBorocurHanacB=5MIlunR=4.5

2.4. NHBepcuHs cnexkrpa npu nonocoBoun
AUCKpeTusauum

Hexoropble nofycTiuMble 3Ha4eHus f, yaosiaeTrsopsiiouye (2-10), xors u no3sons-
0T U30eXxath pobJIeEM C HaJIOXKEHHEM, JAI0T OCHOBHOH CIIEKTpP (COCPEeAOTOYEHHBIH B
paitone 0 I'n), koTopbiii MHBEPTHPOBaH IO OTHONIEHUIO K MCXOLAHOMY CIIEKTpPY, T. €.
(opMa criekTpa B 061aCTH [10JI0XKHUTENBHBIX YaCTOT Oy/1eT cOBNaAaTh ¢ HopMoit HCXoa-
HOTO ClIEKTPa B 06/1aCTH OTPHUIIATEIbHBIX YACTOT. 3Ta MHBEPCUS CIIEKTPa IPOUCXOTUT
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BCerza, korzia m B (2-10) siBjsieTcst HedeTHBIM LeJIbIM, KaK oKa3aHo Ha pucyHkax 2.9 (b)
1 2.9 (e). Korzia KOMIOHEHTBI KCXO/IHOTO CHIEKTPA, COOTBETCTBYIOLIME [I0JI0XKUTEIbHBIM
YacTOTaM, CAMMETPHYHBI OTHOCUTEJIBHO f, , MIHBEDCHSI CIEKTpa He MOPOXK/AAeT HUKAKUX
npobieM, 1 MOXeT O6bITh BEIGpaHO /moboe 3Havenwe f, u3 (2-10), He IpUBoAsALIEe K HAMIO-
xeHusM. OZIHaKO, KOTZla HHBEPCHH CIIEKTPa C/IelyeT U30eraTh, HalpuMep, pu o6paboT-
Ke OTHOIIOJIOCHBIX CUTHAJIOB, MUHMMAJIbHAs! JONYCTUMAsl YaCTOTA AUCKPETU3ALMH, IPU
KOTOPOM OTCYTCTBYET WHBEPCHsA CIIEKTpa, ONpejensercs cooTHoueHveM (2-10) npu
OTHOM OTPAaHMYEHMH: M JOJKHO ObITh HAMOOJBIIMM YETHBIM YHCJIOM, IPU KOTOPOM
BBITIOJIHSAETCS] HepaBeHCTBO f, = 2B. IIpy ncrnons30BaHUM HAIETO OIIPE/eIEHHUS OTITH-
MaJIbHOM 4aCTOTBI AUCKPeTH3aI[UM BEIPAXKeHUE, KOTOPOE JaeT ONTUMAIbHbIE HEMHBEP-
THPYIOLIKE YACTOTHl AUCKPETH3AUY U He TT03BOJISIET KOITUSIM CTIEKTPa COIPUKACATHCS
HUT/Zle, KPOMe HYJIEBOI YacTOThI, UMEET B

fso = (2fc - B)/meven: (2'14)

TI€ Mypp, = 2, 4, 6 U T. 1. JIJ11 HALIETO PUMEPA 1IOJIOCOBOTO cHrhana (2-14) mpum = 2
AA€T ONTHMAJIbHYIO HEMHBEPTUPYIOLIYIO YacTOTy AuCKpeTusauuu f, = 17.5 MI'y, kak
T0Ka3aHo Ha pucyHke 2.9 (c). B aToMm ciyyae o6paTute BHMMAaHMe Ha TO, YTO CHEKTP,
nepeMeleHHblH Ha HyJIeByIO0 4acTOTY, MMeeT Ty ’Ke ODUEHTAIHIO, YTO U UCXOIHBIN
CIIEKTP, PaCHOJIOKEHHBII Ha LieHTpasibHOH yacTtoTe 20 MT11. Ecoiv xe B Battiem npuiio-
XEHUHY MHBEPCUS CIIEKTPA He MMeeT 3HauUeHNsI, MbI MOXKeM OIIpeIeTUTh MUHUMAJIbHYIO
4aCTOTY AMCKPeTU3alVH, He BbIOUpas pa3Hble 3HaueHnusi m B (2-10) v He co3naBas Tab-
AUy, KaK Mbl Aeaiu B ciaydae tabmuust 2.1. Paccmatpusas pucyHok 2.16, Bonpoc
MOKHO NOCTaBUTh Tak: «CKOJIBKO KOIUH NOJIOXKUTENbHBIX ¥ OTPUIIATENbHBIX YaCTel
CIEKTpa IUPUHOHN B MOXHO yMECTHTb B 110JI0Ce 4acTOT mupuHoit 2f, + B 6e3 Hamoxe-
Huit?» KoIu4ecTBO TakuX KOMU COCTABJISET

R = (wupuna nonocot uacmom) /(ydeoennas wupuna cnexmpa) =
=(2f.+B)/(2B) = (f. +(B/2))/B. (2-15)

Yr06b1 M36€XaTh IEPEKPHITUS KOTIUIA CIEKTPa, MBI JIOJIKHBI ObITh YBEPEHBI B TOM,
4TO KOJIM4ECTBO KON PaBHO LIEJIOMY YHCIY, He npeBbimaoniemy R B (2-15). Takum

06pa30M, MbI MOXKEM OIIPE/IEIUTb HeJI0e KOJMYeCTBO KOMHit Kak R, , rie
Ripe = R< Ry 1,
UM
Ry = (o +(B/2))/B <Ry +1. (2-16)
< 2f,+ B >
} >
0 f, Yacrora

c

Puc. 2.16. luanasoH 4acToT, 3aHMMaeMblil HernpepbiBHLIM NOOCOBLIM CUrHANOM
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C R,,, Konuii crieKkTpa B 1osioce 4actot 2f, + B, cienoBare1bHO, EPUOJ IIOBTOPEHHS
CTeKTPa, UM MUHMMAJIbHOE 3HaYeHKe YaCTOThl AUCKPeTHU3ALMH fsmm‘ paBHO

Ssmin = Cfc* B)/Rig, - (@217

B HalileM npuMepe 110/10COBOTO CUTHAJA /1J1s1 BHIYMCIEHUS [IEPBBIM 1€JI0M HeoOX0-
JUMO HaWTH noaxoasiiee 3Hadyenue B (2-16) kak

R, = (225)/5 <R, *+1,

min

Tak 4To R,,, = 4. 3aTem U3 (2-17) HaXoaUM 4aCTOTY AUCKPETUIALMU fsmm = (40+5)/4=
11.25 MT'11, koTOpasi paBHa YacTOTe AUCKPETHU3ALIMH, TOKA3aHHOW Ha pUcyHKax 2.9 (e)
u 2.12. Takum 06pa3oM, Mbl MOXKEM HCITONB30BaTh (2-17) 1 M36aBUTHCS OT HEOOXOIH-
MOCTH MCIIOJIb30BaTh Pa3Hble 3HaueHus1 A m B (2-10) u cosnasatsp TabuIy Hanoxo-
6ue Tabmuner 2.1. (OaHako Gyabre BuuMateabHbl. Dopmyaa (2-17) nomeniaer Hawy
4acTOTY AMCKPETU3AlMK Ha TPAHUILY MeX 1y 6esIoi 1 cepoii mojiocaMu pucyHka 2.12, 1
MBI IOJIKHBI IPUOGETHY Th K UCIIO/B30BAHUIO 3aIIUTHBIX [10JIOC, KOTOPbIE Mbl 00CYXK/1a-
Jiu Biile.) KopoTko rosopsi, B HatieM mpuMepe 10JI0COBOr0 CUrHasla AMCKpeTu3alus ¢
yactoroit 11.25 MTu, nonyueHnoit us (2-17), nossossieT u3bexarb HaJOXEHWH U UH-
BEPTUPYET CIEKTP, a IUCKpeTU3auus ¢ yactoroit 17.5 MI'y, nonyyennoit us (2-14), no-
3BoJIsteT u3bexaTh HAJIOKEHHI 6e3 UHBEPCHH CIIEKTPA.

A Temepb Xoporiue HOBOCTU. [OTIOMHMB MpoleAypy AMCKPETHU3ALUU HeCJIOMXHOMN
1M poBoit 06pabOTKOM, Mbl MOKEM IMCKPETU3UPOBATSH ¢ YacToToit 11.25 MTI'y, nomyuus
HMHBEPTUPOBAHHbIN CIIEKTP, a 3aTe€M JIETKO PEUHBEPTUPOBATh €ro, BOCCTAHOBUB, TAKUM
obpa3oM, ero ucxoaHyw opuenrtanuio. CrekTp o6oro undpoBOro CUrHaja MOXKHO
HHBEPTUPOBATH, YMHOXKHMB OTCUETHI CUTHAJIA Ha [TOCIEA0BATETbHOCTD YePeayOmMXCs
ILTIOC €AMHHI U MUHYC efunuil (1, —1, 7, —1 1 T. 11.), KOTOPYIO B iuTepaType 0603HAYAIOT
JIAKOHUYHBIM BbIpakeHHeM (— 7). Jta cxeMa [03BOJIsIeT BBIIOJIHATE [T0JIOCOBYIO JUCK-
PETH3ALHIO C MEHBIIMMHU 4aCTOTaMH, yI0oBJIeTBopsiiouMu (2-17), ¢ nocienyouiei kop-
peKiMeil HHBEPCHH CIIEKTpa, u3beras, TakuM 06pa3oM, HeOOXOAUMOCTH HUCIIOJIb30BAHHS
6oJiee BbICOKMX 4aCTOT AMCKPETU3ALMH, MOJIy4aeMbix U3 (2-14). XoTs yMHOXEHHE OT-
cuetoB Ha (—7)" moapo6GHoO u3maraercs B pasgene 13.1, 3mech 1OCTATOYHO MOMHUTH
MIPOCTOE IIPABHJIO, COTJIACHO KOTOPOMY YMHOXKEeHHe OTCUETOB JIeHCTBUTEIbHOTO CUIHA-
naHa (—7)" 5KBUBaJIEHTHO YMHOXEHHIO HA KOCUHYC, 4aCTOTa KOTOPOro paBHa f /2.
B yacToTHOIT 06J1aCTH 3TO YMHOXKEHHE 3€PKAJIbHO 0TOOPAKAET [T0JIOKHTEIbHbIE YACTO-
ThI B ;uanasoHe ot 0 1o + f;/2 I'i oTHOCUTeIbHO YacToTHI f; /4 'l1, a Takxe oToOpaxaeT
OTPHUIIATeIbHBIE YACTOTHI OT —f /2 10 0 T'11 3epKabHO OTHOCHTEJIBHO YacTOThl —f, /4 T'1y,
KaK noxasano na pucynke 2.17. llocnenosatensHocts (—7)" ucnonb3yeTcsi HE TOIBKO
AJIS. MHBEPCHUH CIIEKTPa MOJIOCOBBIX II0CIEA0BATENbHOCTEMH, e MOXKHO TaK)Ke UCIIOJIb-
30BaTh AJII MHBEPTUPOBAHUS CHEKTPa AMCKPETHBIX HM3KOYACTOTHBIX CHUTHAJIOB.
-MmeiiTe BBUIY, OHAKO, YTO B CIy4ae JUCKPETU3AIMY HU3KOYACTOTHOTO CUTHANA JIIO-
60 KOMIIOHEHT IIOCTOSIHHOTO TOKa (HYJIEBOM 4aCTOTbl) B MCXOJHOM CHTHaJie MOCJIe
yMHOXeHHs Ha (— )" 6yzieT nepeHeceH Kak Ha 4acToTy +f, /2, Tak v Ha yactoty — f, /2.
B murtepatype no 11OC Bbl HHOTIa MOXKeTe YBUAETD HOCIEN0BATENbHOCTD (—1)”, Ipen-
CTaBJIEHHYIO 3KBUBAJICHTHBIMHU BbIPaKEHUAMU cos(ntn) u e™".

Mpu 3aBepiiaem JaHHYIO TeMy, coOpas B Tabiuie 2.2 Bce, 4TO HaM HY>KHO 3HAThb O
MI0JIOCOBOH AUCKPETU3AIMH.
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Monoca nonesHoro

curiana curHana

flonoca noneaHoro

(a)

Yacrora

()

gr 12 acrota

Puc. 2.17. NHBepcus cnexkTpa NocpeacTsom yMHOXeHUs Ha (—1)": (a) nexoaHbi cnekTp
BPEMEHHOI NOCNe/OBATENLHOCTH; (b) HOBLIM CREKTP NPEN3BEAESHVA NCXOA-
HOM NOCNenoBaTENbHOCTY HA NOCNEA0BATENLHOCTE (—T1)

Ta6nuua 2.2. CooTHOWEHUS NONIOCOBON NCKPETM3aLNY

Tpefyeman Benuuunna

BbipaxeHve ans yacroTtsl
AVCKpeTu3auuu

Ycnosusa

Aonyctumble rpaHnubi fg
AN NONOCOBOW
anckpetmsaumn: (2-10)

YacToTa auckpeTusauuu B
cepeaviHe NoNoCht
AONYyCTUMBIX 4acToT: (2-12)

YacroTa aucKpeTusauuu,
Npn KOTOPOW CNEKTP
curkana pa3meLlaeTcs Ha
OQHOW 4eTBEPTO YacTOThbi
avckpetusauun: (2-13)

OnTumanbHas 4acvToTa
anckpeTnsauumn, npu
KOTOpPO# nHBEpPCUS
oTcyrcTayeT: (2-14)

MutmuMansHoe anasenne f,
PN KOTOPOM OTCYTCTBYIOT
HanoxeHus: (2-17)

@Cf,-Bym=f =
2(2f,+B)/(m+ 1)

fsc”tr= (fc - B/2)/m +
+(fc * B/2)/(m + 1)

fsi=4fc/modd

f So = (2f ¢~ B)/ meven

f Smin

=(2f,+B)/R,,

-~

m — no6oe
NOAOXUTENBHOE Lienoe
4UCNO, A1 KOTOPOTO
fsz2B

m — moboe
FONOXNTENDbHOE Uenoe
4YUCNO, LAt KOTOPOTO

f = 2B

Sentr

Myqq — MoGoe uenoe
NONIOKXUTENILHOE HEYETHOe
umncrio, Takoe, yto fo. = 28
(vHBEpCUA CnekTpa
BO3HUKAET, Koraa m, =3,
7, 11ut.4.)

Mgyen — MOGOE
nonoXxurensHoe yesnoe
yucno, Takoe, YTO fso =28

rae R, < (f,+(B/2))/B <

< Rjpt1
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frnaea 3

AuckpeTtHoe
npeobpasoBaHue
dypbe

HuckpetHoe npeo6pasosanue Oypoe (JIID) — oxHa u3 AByx Hanbosee pacrpo-
CTPaHEHHBIX U MOIIHBIX Npolleayp iiudpoBoit o6paboTku curkanos. ([Ipyras npore-
nypa — uudposas ¢unbrpaust.) 11D nosBosseT aHAIM3UPOBATh, NPEOOPa3OBbIBATH
¥ CHHTe31POBATh CUTHAJIBI TAKMMH CIIOCOGAMH, KOTOPbIE HEBO3MOXKHBI TIPH HETIPEPBIB-
HO# (aHasoroBoil) o6pabotke. Xots cerogus JIIM ucnonpsyercs NpaKTHYECKH BO
Bcex 00JIaCTsIX MHKEHEPHOI AesITeIbHOCTH, Mbl YBUAHM, YTO cpepa ero HpUMeHeHHs
IIPOZIOJIXKAET PACHIUPATHCS II0 MepPe TOro, KaK PacIlUpseTcs TOHUMAaHHUE €T0 M0JIe3HO-
cru. ITo aToi ipuynze ocHoBatenbHOe nonuManue JJI1D HeobxoauMo Beem, KTo pabo-
TaeT B 061acTH {UPPoBOH 06pabOTKK CUIHAJIOB.

JII® — ato MaTemaTHyecKast NPOLEAYPA, UCTIOIb3yeMast I/ ONpee/IeHIs TapMO-
HUYECKOro, MJIM YaCTOTHOI'O, COCTaBa AMCKPETHBIX CUTHAIOB. XOTsI It HAC AUCKPETHBIN
CHTHAJI IpeACTaBIisteT coO0i Habop 3HaYeHMIH, TOTyYEeHHBIX B Pe3yIbTaTe IepHORUYe-
CKOM JMCKPeTU3alUH HeNPephIBHOIO CUTHAJIA BO BPEMEHHOU 00JIACTH, MbI YBHAKM,
yto /II1D nosne3no ais ananusa J0ObIX JUCKPETHBIX IOCJAE40BATEAbHOCTEH, He3aBH-
CHMO OT TOTO, YTO Ha CaMOM JIeJie 3TH NIOCHe0BATETLHOCTH NpeacTaBasaioT. MicrokoM
JI1®, xoHe4yHO 3Xe, sIBJIsIETCS HenmpepbiBHOe npeobpasosanne Mypoe X(f), koTopoe
oIpeJiesisieTCsl Kak

0
X(f) = [x(e)e2ntd
L (3-1)
rie x(¢) — HEKOTOPbIiA HENPEPBIBHBIA CUTHAJ BO BpeMeHHOI obmacTi.'

B o6acTi 06paboTKM HellpephIBHBIX CHTHA0B (3-1) ucnonbsyercs ans npeobpa-
30BaHUA aHAJIMTUYECKOTO BbIPaKE€HHUs /I HeIIpepbIBIION BpeMeniioil hyHkium x(t)
B HeNpepbIBHYIO GyHKUMIO X(f) B yactorHo! obaactu. [locaeayioniee BhiYUCACHHE
3HauyeHUH Boipaxenus X(f) ZaeT HaM BO3MOXXHOCTh ONPEACTMTH YaCTOTHBINA COCTaB
J06OTO CHUTHAJIA, UCTIONb3yEeMOro Ha TPAKTUKE, U OTKPHIBACT ITMPOKMIi CTIEKTP BO3-

1 N .
B anrmuiickom aaeixe pamumitst Dypre nuiercs Fourier v riponssocuTes IpUMepHo Kak four
year (aHIJ1. «4eThIpe rofias ). B uncturyTte M1 Hazbiasu (3.1) npeobpasosanuem four year, o-
TOMY 4TO /ISl Pelienst OHO JOMAIIHeH 33141 HyKHO GbLIO IPUMEPHO YETHIpe To/a.
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MOXHOCTe# 15 aHamu3a 1 06pabOTKU CUTHAJIOB B (hu3uKe U TexHuke. HecoMmHeHHo,
npeobpasosanve Oypbe — HanboIee 3HAYNTENBHBIN U HIUPOKO PACIPOCTPAHEHHBIN
MaTeMaTH4eCKHH MeXaHU3M /I aHaIN3a (PU3NdecKux cucreM. (JTo MHEHVe JIydlie
chopMyIMPOBaHO B 3HaMeHUTO# 1urtaTe Aopaa KenseuHa: «Teopema Dypbe — He TO-
JIBKO OiuH U3 Hanbosiee KpaCUBbIX PE3YILTATOB COBPEMEHHOTO aHAIM3a, MOJKHO CKa-
3aTh, 4TO OHA IPEAOCTAB/SET HaM HEOOXOAUMBbI HHCTPYMEHT ISl PACCMOTPEHUS TIOYTH
KaXJIOr0O TPYAHOTO BOIPOCA B COBPEMEHHOI (puaukes. KcTaTH, MCTOpUSA OPUTHHAIBHOM
paborbl Dypbe M0 rapMOHUYECKOMY aHANM3Y, OTHOCAIIENCS K TpobiieMe TeIIonpo-
BOIHOCTH, ITIOMCTHHE 3axBaThiBaouiast. TeM, KTO HHTEPECYeTCS 3TUM BOIPOCOM, He-
1w10x0 6110 61 Havats ¢ [1] u [2].)

C npUx0A0M B Hallly XU3Hb UGPOBBIX KOMIBIOTEPOB YCHIUA ITUOHEPOB IIHMPPO-
Bo# 06paboTku npusenu k pazpabotke 11D, Koropoe onpesessieTcs: Kak AUCKPETHAS
nocJenoBaTeasHOCTh X(m) B 4aCcTOTHOM obnacT,

®dopmyna AND N-7 .
(3KCnoHeHUWansHas - X(m) = 2 x(