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C MareMaTHM4e€CKOH TOYKHM 3PEHHA CHUTHAI — 3TO (QYHKIMA, IMOKa3bIBaIOIIAs
3aBUCUMOCTh O/THOM BEJIMYMHBI OT JAPYTOil, IPHYEM 3Ta 3aBUCUMOCTh JI0J3KHA OBITH HAM
YeM-TO MHTEpPECHA4, OHA JIOJDKHA CojiepKaTh HHPOPMALMIO 0 KAKOM-TO MPOLecce WU
ABieHuM. Tak, 3BYK — 93TO 3aBHCHUMOCTH [ABJICHHA BO3IyXa OT BpPEMEHH, a
M300paKeHHUe — 3aBUCUMOCTh SIPKOCTH M I[BETa OT MPOCTPAHCTBEHHBIX KoopauHaT. 1
TO, U JPYTro€ Mbl MOKEM pacCMaTPUBAaTh KaK HCKHE CHT'HAJIBI.

O0paboTKa CHrHAJIOB — 3TO HX Ipeodpa3oBaHUE & Opyzsue cusHarbl WIH B
HHCIIOBBIE 3HAYCHHA — KaK IIPAaBHJIO, JIA TOroO, HT‘Dﬁbl H3BJICUbL H3 HHUX KAaKYH-TO
none3nyro uadopmanuio. Hanpumep, npu Tene@oHHOM pa3roBOpe Mbl XOTHM IO
BO3MOKHOCTH OYHMCTHUTh TOJIOC COOECEHHKA OT MOCTOPOHHUX IIYMOB, a NMPUHUMAas
CUTHaJl, W3/ydyaeMbld HaBUramuoHHbIM cryTHHKOM [JIOHACC wm GPS, xotum
y3HATh MOMEHT €ro MpUxoja, 4YTo0bl H3MEPHTh PACCTOSIHUE JI0 CITYTHHKA W OJ1aroaaps
TOMY OIPEJIEINTE CBOH KOOP/IUHATHI.

Hcxoano obpaboTtka NICKTPUYECKHX CUTHAJIOB  OCYILECTBIAIACH
ICKTPUYECKUMH TEMSAMH, COCTOAIIMMH M3 PE3UCTOPOB, KOHACHCATOPOB, KaTYIICK
UHIYKTUBHOCTH U 3JICKTPOHHBLIX MPUOOPOB — CHaYasa JiaMIl, a 3aTeM TPaH3UCTOPOB.
[Ipu 3TOM pa3zpadoTUMKy HYKHO OBUIO IMBITATHCS KAK-TO MPUCIIOCOOUTH (hPU3UYECKHE
CBOMCTBA ITHX IEMEHTOB U1 TOr0, YTOOBI NMPUOIMIKEHHO BBINOJHUTH HEOOXO0IMMBbIE

OIncpanri Hal CHI'HAJIAMH.



Ho B cepenuHe [BaaLaToro BeEKa MPOM30LIIA PEBOJIIONHUA: TOSBHIINACH
KOMITBIOTEPBI, KOTOPbIE MOIJIM OBICTPO BBIMOJHATE MaTeMAaTUYECKHE OIepalliu Hajl
yucsiamu. Torjaa-ro v nosiBMIACh NMPUHLUMITHAIBHO HOBas KOHUEIILMSA: BMECTO TOTO,
yTOObl CUHMTATh CHIHAJ HEMPEPbIBHOH (DYHKIMEH, Mbl NPEJACTABISAEM €ro B BHJIC
nociredosamenbHocmu qucei, a o0padoTKa TAaKOro CHrHalda CTAHOBHTCA HabOpOM
MaTEMaTUYECKHUX OIEpallHii, BEIMOJIHACMBIX HaJl STHMH YHUCIIAMH C TTOMOIIBI KaKOTo-
MO0 BBIYMCIIUTENIBHOTO yCeTpoiicTBa. Tak poaunace yugpoesas oopabomka cucHanos,
[PU KOTOPOI HaM yKe HE HY:KHO KaK-TO MpUCnocadanBaThes K (PU3HYECKUM CROHCTBAM
3IEKTPOHHBIX TPUOOPOB — MBI IIPOCTO OEpeM NOCIEI0BATENLHOCTD YUCEN U JIe/IaeM ¢
HEH TO, YTO XOTHM.

cxonno KOMITBHOTCPBI ObIJIM OOJIBILIHME M 0 CETOJHSIITHUM MCpKaM MCIJICHHBIC,
[TO3TOMY I.lHCl]pDBB.H DﬁpﬁﬁDTKﬂ CHI'HaJIOB  BOCIPHHHMA/IAaCb KdaK  JOBOJIBHO

IK30THYECKas 00J1IaCTh PaMO’IEKTPOHUKH, NPAaKTHYeCKas IEHHOCTh KOTOpOH Oblia
najneko He odeBHAHOW. OHaKo 3a mpouleaue JecsaTuiieTHs Onarogaps ycrexam

MHUKPOIEKTPOHHUKH CHCTEMBI LIMPPOBOIi 00padOTKH CUTHAJIOB HE TOJIBKO BOIIOTHIIHUCE
B pEaJbHOCTH, HO W BOIUIX B HAIIy TIOBCEAHEBHYIO KU3Hb, PAJIUKATIEHO U3MEHHB TO,
Kak Mbl CIyIIaéM MY3BIKY, CMOTPUM (HILMBI, pa3roBapHBaeM Mo TenedoHy HIH
OpPMEHTHPYEMCS Ha MECTHOCTH.



IlndpoBasa odpadoTka CHrHANOB — 3TO OOMACTh HAyKH I TEXHUKI, B KOTOPOII
II3yYAr0 TCS OOIIIIe A Pa3HBIX MICHIIUIH alrOPUTMEL I CpeIcTBa 00padOTKII CITHATIOBR
Ha OCHOBe MaTeMaTlYeCKIIX MeTOLOB C ICIIONB30BaHIeM HII(PPOBOIL BEIMIICIIITEIBHOIL
TeXHIIKIL.

[Tudgporag odpadoTKa CUTHATIOB — 3TO TeXHOJIOTMS, OXBATHIBAKOINAS OTPOMHBII HAOOP
IIPIJIOJKEHIII, BKIOYas KOMMYHIKAINIKD, KOCMITUECKIIe IICCIIeJOBaHId, MeIILIIHY,
ApPXeoTOTUIO II pasBIEUeHIT I MHoTroe Apyroe. CIOKHEIINIe amropHTMBbl 00padoTKI
CITHAJIOB I COOTBETCTBYIOIIEe allllapaTHOe OO0PYAOBAHIIE PACIIPOCTPAHEHEBI B IMIIPOKOM
mIarta3oHe CHCTeM: OT Y3KOCHelHamI3UPOBAHHBIX BOEHHBIX U TIPOMBITIIICHHBIX 10
HEZOPOroll IMIPOKO PacHpOCTPAHEHHOI OBITOBOI 3IMeKTPOHUKI. [lOCKOJBKY CHCTeMEL
CBS3H BCe MeHee CTAHOBITCSA 3aBIUCHMBIMII OT IIPOBOIOB I OoJiee MOOITBHBIMU I
MHOTO(QYHKIIIOHATIFHBIMIL, 3HAUeHIIe CIOAKHOIL IU(pPOoBOil 00padoTKIl CHTHANOB B TaKIIX
cucTeMax Ipogoixaer pacti. Pomb mmdpoBoll oOpaloTKIl CHTHAIOB B 0OMIeCTBe
CTAHOBIITCS Bce Oolee 3aMeTHOI Omarojapsd COMIKEHITI0 CPeAcTB KOMMYHUKAI[UIL,
KOMITBIOTEPOB I 00pal0OTKII CHTHAIOB, KaK B IIOTPeONTeNbCKOIl cdepe, TaKk I B JI01e

I'PagITOSHBIX HTHAYCTPIAJIBHBIX IT ITPABITEIIECTBEHHEBIX ITPOCEKTOB.



OcHoBHble pa3genbl LLOC
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Hdo 1960-x romoB TexHOMOTIE OOpadOTKNM CHTHATOB OBITA  IICTH

HCKITOYITTCIIEHO HE‘-H}JE‘-}JBIBHDﬁ. AHAJIOTOBOII.

OcHorHoe otmrane [HOC oT kmaccimeckoil Teopim COCTONT B TOM, UTO
curHan B IMOC — 510 4wncnoBasg mociaedoBarebHOCTh. (O0padoTka
OCVIIE CTBISETCA C ITIOMOIIBIO OMepariil HaJ duciaMi. FiMeeTcs MHOTO IIPIIMEPOR,
KOoTZa oOpadaTelBaeMble CITHAMRI  ABLIOTCA  MOCHeJOBAaTeMbHOCTIMII B
COBPEMEHHBIX MPINIOAKEHIIIX HCIONB3YVIOT  UICKPETHBIE  TeXHOJIOTHIT 1T
00padOTKIT HeIIPephIBHBEIX CIHTHATOB. B »TOM ciytuae HenpepbIBHbIe CHTHAJIbI
[PecOPA3VIOTCA B MOCT€10BATE/IbHOCTh OTCUETOB, T. €. JUHCKPeTHbII CHTHAJ.
[locme mmckperHoil o00padoOTKN €€ pesylbral BHOBR KOHBEPTHPYETCI B
HelIpepBIBHEIN CITHAL 119 MHOTIIX cHcTeM MpedIlouTUTeNbHBl Ollepallil B
peKIMe pealpHOTO BpPEMEeHIL, T.€. Takle OIepalllilil, MIpPH KOTOPBIX OTCUYETH
PEaKIIIT  CHCTEMBI BBIUICILIFOTCI C TOII JK€ YacTOTOIL YTO M OTCYETHI

AHICKPETIT3allIlIl HETIPCPBIBHOTO CITTHAJTIA.



JluckpeTtHasg oOpaboTKa HEMpepHIBHEIX CHUTHATOB B PeXIMe pPealbHOTO
BpeMeHII — TIONMMHAg CHTyaIld B CICTeMax CBI3IL,  PagMoNoKariml,
THIIPOTIOKALNII (COHApax), ayalo- 1 BUAeocIcTeMax, KOMIIPOBAHITI 11 YCIUIEHIML,
OMOMEINIIHEe I JAPYIIX  MHOTOUNCTEHHBIX — OOMACTIX — MPUMEeHeHIIA.
IIporrpeiBaTens KOMIAKT-ANCKOB (CD-Iimeep) — IHOI IpHMep, e BXOLHOIL
0OpalOTAHHEBIIT CHTHAN XPAaHUTCAd HA KOMITAKT-JIICKe, a BBIXOTHOI CHTHAT

BBIAACTCA B PealIbHOM BPEMCHIL

BOMBIMITHCTBO 113 TPAMIIIHOHHEIX CHICTeM 00pabOTKH OepIpyeT ITOTaHHBIM
Ha BXOJ CITHATIOM I TIOJIy4aeT IPYToll BEIXOAHOI ciTHAM. [Ipyroil BaKHBII K1acce
3amad oOpadOTKII CHTHATTOB KacaeTcd IMHTeprpeTarmn cirHamoB. [lemb Takofl
3091 COCTOUT He B IIONYYEHINI BBIXOAHOIO CHTHAla, a B OIICAHIII

XAPAKTCPIHCTIIK BXOIHOTO.



INPEUMYUIECTBA U DOOEKTUBHOCTD HHOC

['magHbIe TipenmytnecTBa [[OC B cpaBHEHHUII ¢ aHAIOrOBOII 00padoTKOIL:
1. CradnapHOCTh XapaKTepHCTHK. B aHamoropoll  ammaparype  IPIMEHSIOT
CHeI[aNbHBle Mephl AT IMOAJepKAHUSI IOCTOSHCTBA TeX IUMI HHBIX TEeXHHUeCKIIX
XapaKTepICTIK cUCTeMBL TpelopaHIle cTaONIIIBHOCTI XapaKTePUCTIK JOKHO YUIITHIBATh
BIIISHIE II3MEHEeHIS aTMOC(epHOIO TABIIEHIS, TeMIlepaTyphl, XIIMIIUeCKIIX IIpIIMeceil,
VOApOB,  BHOpaUIl, CTapeHIsd, I3MEHeHId IIITAIOIIX HalpsUKeHIOl,  YCIIOBIIL
pacpocTpaHeHIld PaJUoBOTH U MHOTOe Apyroe. B »ToM ciyuae Mg MOAAepPKAHILT
CTaOILMBHOCTI IICIONB3YIOT CIeNUallbHBIe MaTepHalbl cO CTaOILTBHBIMII CBOIICTBAMIL, C
MaTBIMII  KO3(DUIUEeHTaMI  TIHEeIIHOTO  pacIIUpeHIlsd, BBICOKOTOUHBIE MACCHBHBIE
pamrosmeMeHTE. Hampumep, mid OOCTIDKEHNS 3aJaHHOI  CTaOIIBHOCTI YacTOTEI
TeHepIpPOBaHI KoleOaHIIl IPIMeHSIOTCS: — CIelalbHasd CXeMOTEeXHIKA,
—  TepMOKOMITE€HCaIIIIS,
—  TepMOC TaOILIII3allIls.
TexHONMOTIY NPON3BOACTBA AHANOTOBBIX VCTPOIICTB, KaK IIPABIIIO, ICIIOIB3YeT
CIleIlalbHble MOKPBITISL, IOTTIOTHTENNI BIIArll, aMOPTI3aTOpel, 3alIIBKY CIIeIlalbHBIMIL

COCTaBaMII IT ITPOTIEe.



INPEUMYUIECTBA U DOOEKTUBHOCTD 1OC

2. [IpuHUOIIIHATEHO JIOCTIKIIMAY 0o0Jiee BBICORAS IIPOTHO3IpPYeMasd I TapaHTIPOBaHHASL
TOUHOCTH O0OPAGOTKH CHTHAJTOB. BO3MOKHOCTH peamizaliil CIOKHBIX alTOPUTMOB
00paloTKIl CHTHANOB, KOTOpBIE TPYAHO, a 4YacTo Jake HEBO3MOKHO peaml3oBalb ¢
ITOMOIIBIO AHATIOTOBOIT TeXHITKII.

3. Boabmon JHHAMHYIECKHH JHANA30H 00padaTblBaéMBIX CHTHATOB.

4. BosMOKHOCTH THOKOH ONEPATHBHOH HepPecTPOHKH CTPYKTYPHI H HapaMeTpoB
VCTPOIiCTB H cHCTeM. BO3MOKHOCTBL peaimizalliil  IIPIHIIIA «aJAIlTAIIID) I
CaMOHACTPOIIKIL, TO €CTh II3MeHEeHII anropiTMa oOpadoTKH CIUTHAMOB 0e3 (PI3Irde cKoit
IIepeCTPOIIKIL yeIpollcTBa (HAIIpIIMep, 3aBICHMOCTII OT BIIJA CITHAJA, II0CTYIIAIIero Ha
Bxo (pumbTpa). TexHudveckas peamsarig [[OC cpaBHHTENBHO MPOCTO OCYINECTRIISTCS
KaK Ha OCHOBE allllapaTHBIX, TaK I IPOTPaMMHBIX CPeIICTB.

5. Boicokasi HAEKHOCTDh, MAJIble BeC H TadapHTHI.

6. TexHIUecKH IMpOCTO oOecIleuIBaeTCs PEMOHTONPHIOAHOCTD H  B3aHMO3ZaMe-

HACMOCTD OTOCIIBHBIX VC 'IPOﬁCTB ILTHI CITICTEM.



INPEMUMYIIECTBA U HEAOCTATKHU HOC

7. Lnpporsie MeTOaEl 0cotenHO0 Y PPeKTHBHBI 1A 00padoTKH HI3K0UACTOTHBIX CHTHAJIOB,
TaK Kak pasMephbl TACCHBHBIX 5IIEMEHTOB Ha HIMBKIX YacToTax Ype3sMepHO TPOMO3BIKIL.
OtmenbHBIE OTOKH MHOTOKAHANBHEIX cricTeM, Hampumep AJIY, MoKHO cAemaTh OOIINIMIT IS
BceX KaHanoB. [[lupokoe npumeHeHne HaxomuT [[OC B cucTtemMax ¢ OINTHMATBHOIL 00padOTKIL
curHamoB.  Hamprmep, [OpH  HCHONB30BAHII  HIBKOCKOPOCTHOTO — IIOMEXOYCTOITYIIBOTO
KOMIIPOBAHIIA QITeIbHOE HAKOIUIeHIle CJIaOBIX CHTHATOB JIETKO peanisyeTIcsi € IIOMOINBIO
MmetogoB [[OC. Amroputmel [[OC mo3BOIMIOT YMEHBINNTH 3HEPreTIIecKile, BpPeMeHHBIe II
JACTOTHBIE «3aTpaTbkl» Ha Iepedady II(QPOBBEIX CHTHAJIOB (II0 CpaBHEHIIO C Mepeaader

AHAIOTOBBIX CHTHATOB). BO3MOKHOCTE OTHOBPeMEHHOII 00padoTKU He CKOMBKIIX CITHATIOB.

K HegocTaTkaM HuQPOBBIX NPOLecCOPOB MOKHO OTHECTH:
|. Bompmiyro CIOKHOCTB IO CPAaBHEHHIO C AaHAJIOTOBBIMII YCTPOIICTBAMII I ITOKa erle Oolee

BBICOKYVI CTOIIMOCTD.

L2

. He cTomb BRICOKOE, KaK XOTeJIOCh ObL, OBICTPOIEIIC TBIIE.

. HerosMOKHOCTE YCTPaHCHILA CHE‘-I_[II(I)I '€ CKIIX IMIOT PEeIIHO CTell, BLBIBBAHHBIX

(a2

,II:[ICKPGTII’BHHIIGﬁ. KBAHTOBAHIIEM CIODHAJA I OKPYITICHIIAMII B ITPpOIECCe BBIUIICTIEHIIII.



CerogHsAIIHINI CIEeINIamICT CTOHT Ileped BBIOOPOM HaIIeXKaImeil KOMOITHAIIIIL
AHATIOTOBBIX II MIIPPOBBIX METOAOB IS pPeIleHHd 3afaull 00padOTKH CITHATIOB.
HeposmoxHO o00padoTark  (QI3HMUECKIle aHAJIOTOBBIe CHTHANBI, ICIIONMB3YS  TOIBKO
III(pPOBBIe METOABI, TaK KaK BCe JAaTUNKN (MHKPO(OHBI, TepMOIaphl, T€H30PE3IICTOPEL
be303JIeK TPITUEeCKIle KPICTAUIBI, TOTOBKI HAKOIMIITEeNI HAa MarHUTHBIX MICKax M T.O.)

SBJLTOTCS AHAOTOBBIMII YCTpoiicTBamMIl. [T03TOMY, HEKOTOpBIe BIIIBI CITHAIOB TPeOyIOT

HaJOTYI Ieltell HOpMANI3allll I JaNbHelmell o0padoTKI CHTHATOR aHAIOTOBBIM LI
LI (PPOBEIM METOIOM.
B [elicTBUTENBHOCTH, MelMH HOPMAJH3ANMH CHTHAJA — HTO aHAJIOTOBBIS
IIPOIIe CCOPBI, BEITOTHSOINIE:
* VCIUIEHIIE CITHAJIOB B II3MepPUTENbHEIX I IIpeIBapuTeIbHbIX (Oy(pepHBIX) VCIIITENIX,
* oOHapy/KeHIe CHTHaTa Ha (pOHe ITyMa BBICOKOTOUHBIMII YCITITESMI CHH(PA3HOTO
CITHAJA,
* MIHaAMIIUecCKoe c/KaTIe mIarnasoHa (JMoraprdMIrde cKIMIL VCILTMII TEILIMII,
morapudmmryeckinvm [[ATT un yemmitermsvir ¢ IIporpaMMUPYeMBIM KO3 (PUIIIIEH TOM
VCILIEeHIIA ),

* (PIUIBTpALIIO (TTACCHBHYIO I AKTHBHYIO).



MNOCJEJOBATEJBHOCTD OMEPAIIMIA IIOC

[Tupporas oOpadoTka CITHATOB CBJI3aHA C IIpeAcTaBleHIIEM CITHATA B BILIS
[IOCTIEIOBATeNIFHOCTIT HIICET. JTO O3HAuaeTl, YTO HCXOOHBII aHAIOTOBBII CHTHAT
mpeoOpasyeTcd B ICXOTHYIO IIOCIeJOBaTelbHOCTh HIICEL, KOTOpad IPOIecCOpoM
(BEIMMCIIITENEM) IO  3aJaHHOMY — alToOpUIMy  IpeodpasyeTcd B APYIVIO
MIOCTIEIOBATeNIFHOCTh HIICET, OOHOZHAYHO COOTBETCTBYIOIIYIO HCXOAHOIL [lamee 1r3

TIOTyIeHHOI HOBOI ITOCIeA0BATebHOCTI (POPMIPYETCA PesyIbTHPYIOMIII CITHAL

[TocmemoparempHOCTE  omeparni  [[OC  MOKHO IIpeACcTaBUTH — CIETYOLIIM

PIICYHKOM.
A y Hcxonnas [Ipomeccop ¢ BoccTaHoBeH -
AHAIOIOBBIH -
™ mocnemoBaTelb- | 3a7AHHBIM ks HEI
CHTHAl o
HOCTDH YHMCE AT OPHTMOM AHATOTOBBII




MOCJIEJJOBATEJBbHOCTH ONEPAIIMIA LOC

Ipepnabrpanua odecneunBaeT yaalleHIe OINpeAelIéHHBIX CIIeKTPalbHBIX COCTaBILTIOIIIIX
TeKalllIX BBHIIIle HEeKOTOpOoro sHaueHNd. IlpedmmpIpaipis oOCYINeCTBISSTCI aHaIOTOBBEIM
¢rmeTpoM HIBKIX YacToT (OHY), momyumBIIIM HasBaHIe aHTIHAIalICHHIOBOTO, IMTOCKOIBKY OH
MpeJOoTBpaMIaeT HeKakKeHII cIleKTpa THITa HaaokeHI (alising), KoTophle BO3HIKAIOT B CIIEKTpe
ITI()POBOTO CHTHAJNIAa IIPH HeJOCTAaTOUHOIT 4YacTOoTe IHCKpeTI3alI. Bo BpeMeHHOII oOmacTH
s(ppekT HamoKeHHT O3HAUAeT HeBO3MOKHOCTH TOUHOTO BOCCTAHOBIEHII aHAIOTOBOTO CHIHATA
M0 ero OTcueéTaM. AHTHAIIAICHHIOBHIN (IIIBTP (opmipyeT aHAIOTOBBIII CHTHAT C
MO aBIeHHBIMIT BEPXHIIMIL CIIEKTPaTbHBIMI COCTaBILIIOIIIMII B IIOJIOCE 3adep KaHIA, HaullHad C
YACTOTHL ®. 2TO JAaéT OCHOBAHHE CUHTATh CHTHAMI IpPaKTHYeCKH OrpPaHHYeHHBIM II0 YacTOTe I
HeTIOABe P KeHHBIM () (peKTy HaIoKeHIId IIPH YacToT e JUCKPeTH3aINII He MeHee 2.

IHHocTrpuabrpanna olecleunBasT HHIEPIIOLIINK BOCCTAHABIIBASMOIO CIHTHalTa. B
Kaye CTBe MOCT(INTBTpa MOKHO HCITOIB30BaTh aHAJOTOBBIN CITIAKHBAIOMIINT (PIUIBETP HIIKHIIX
YacTOT.

Komep MoOXKeT BKMIOUaTk B cedd  VCTPOICTBA, VCTIPAHSIOINIE  IM30BITOYHOCTH
HH(POPMAIIHOHHOTO CHTHaAlIa M9 pealHs3alfin C/KaTid. B mpocTelillleM cloydae B KauecCTBe

KoZepa MokeT OBITE HeTonb3okaH ALIL. B kauectBe mekomepa — LIATL



JMNCKPETHDBIE CUI HAJIbI

Crioco0bI OTCUYETA 3HAYEHHII CHTHAJIA

MaremMatiriecKite CITHABL — 5TO (PYHKITII OHOIT 11m1 Oolee He3aBIICUIMEIX
MepeMeHHBIX. Hampimep, pedepoll CHTHAN TPeACTaBRIISTCI Kak  (PyHKINLT
BpeMEHII, a IroOpakeHme ((otorpadiid) — (YHKIMIA SIPKOCTH OT ABYX
MPOCTPAHCTBEHHBIX MepeMeHHEIX. Hesapicimad mepeMeHHasd MOKeT OBITh Kak
HeTIPePHIBHOIL, Tak 1 AckpeTHOIL [[oCcKombKY peanmbHEIe (PIT3ITIecKIIe IPOITeCChI
[IPOTEKAIOT BO BpeMeHIl, TO B KauecTBe MareMaTIMecKOil MQIeml CITHala,
PEACTABILIOMIErO 5T IIPOIECChl,  HCHOMB3VEOT — (PYHKIMIII — BpeMeHIL,

OTPdKAOIIIE ITSMCHCHILA El}II'?iII[IE‘-CKID{ IIpOoOecCcoB.



KIIACCUDOUKAILIUA CUT HAJIOB

Ilo POJOI B IICPCIANIT KOI—]I{DE?THDﬁ I]HEIJD]JB-IHH;[]II CITHATBI MOI'YT OBITH PasadelIcHbI

Ha IIOJde3HbIe 11 Melllarlniie (I'IGMEKII). [TomesHple cuUTHAIBI IIEPeHOCAT 3aJaHHYE
I]I-IEIJC}I_'}I\-IHU;[EOﬁ a TIOMeXI IICKaXXKaloT e€, XOTI, MOKeT OBITh, II IIepeHocAT OPYIVEHO

ITH(pOPMATTITO.

Ilo crenenn OLIPCICIICHHO CTII ORITIACMBIX 3HaUeHIII CUTHaMIa Bce CHTHAaIbI MOKHO

PazaeilIle Ha JAeTEPMHHHPOBAHHbIC CIITHATBI I1 Eﬂ}“lﬂﬁHblE CIIT HATIBI. CJ’[}-"‘Iﬂf’]}]LII\-I
CIMHATOM HABBIBAIOT El)}-’I—]I{U;[IEO BpEMCHII, 3HATCHITA KDTD}.'}Oﬁ 3dpPaHee HEIT3BCCTHBI I1
MOI'VT OBITE IMpeaCKa3dHbl JIIIb C HE?KDTD}]‘Df[ BECPOATHOCTBIO. B xaugecTBe OCHOBHBIX
XAPAKTePIICTIIK CH}-"‘IHIU]I-]LIK CIITHAJIOB IIPITHIIMAROT:

ﬂ) 3dKOH pPaclipeJeJICHIT BePOATHO CTII (OTHDCI].TE?HLHDE‘- BpeMA Hpﬁ‘-ﬁ]’::-IBﬂHIIH BCTIOITITHBI

CIITHATa B OIIPECOCIICHHOM IIHTEpBﬂHG)Z
E‘r) CIICKTPATIbHOEC paclipedelIeHIIe MOIITHOCTIT CIT HdJId.

;[ETE[)I\'IIIHII[)DBEIHHI:IM HA3BIBACTCA CIITHAJL, 3HAYMCHIIC KOTOPOIO B OO0 MOMEHT

BPpEeMCHIT MOKET OBITBH TOTHO OIIPEae]ICHO.



KIIACCUDOUKAIIUA CUTHAJIOB

,I[ CTCPMIHITPOBAHHBIC CIITHA.JIbI MOI'VT OBITE HEPITOAITTIC CKIIMII II

HEIePHOAMICCRIIMIL

Cpelil AeTepMITHIPOBAHHEIX CUTHATOB 0CO00€ MECTO 3aHIMAIOT HCMBITATe IbHbIe
CHTHAJIBI, HEOOXOAIMOCTD B CYIIECTBOBAHIM KOTOPHIX OOyCIOBIeHA TOTPeOHOCTAMIT
ICTIHITAHIA  XapaKTepICTIK —pa3padaThlBaeMBIX BITeKTPOHHBIX YCTPOIHCTB.  (CaMbIM
pacIpoCTpaHeHHBIM NCIIBITATEMbHBIM CUTHANOM SIBIIIeTCS FapMOHITIeCcKoe KoneOaHIIe,
KOTOpOe ICTIOTB3YETC, HallpIIMep, B IMePITeNbHOI IIPAKTIKe 719 OLEHKII YaCTOTHBIX

P

CBOI

[

CTB }-’CTlJDﬁUTB PAa3JITTHOTO HA3HATCHITI.

o criocoOy 0TcuéTa 3HAYEHII CITHATA BO BpeMEHII CIITHATBI JeTATCA Hd.

*  HelpepHIBHEIE,
*  IICKpeTHEIE,

*  IMpORLIE.



KIIACCUDOUKAIIUA CUTHAJIOB

HenpepbIBHBII CHrHAJ OIMICHIBaeTCA HeIPePBIBHOIN (pyHKINeIT X(t), 3amaéTcd Ha
HeTIpepPEIRHBIX MPOMeKYTKAX, 1T OOBIMHO HABIBAETCA AaHANOTORBIM. AHATIOTORBII CITHAT
MOKeT OBITH AefICTBHTEMLHBIM IUTI KOMITTeKCHBIM. MIHTepBal m3MeHeH I ITepeMeHHOIT
BpeMeHII MOKeT ORITh KOHEUHBIM I OeCKOHeTHRIM. (711  HeIpepeIBHOTO
(KOHTHHYATBHOTO) 3TO HecuéTHOoe MHokecTBO. Hamprmvep, [0.t) mmm [0,o0). BrxomgHeie
CHTHAIBI JAaTUIKOB ABIMOTCA OTpakeHIeM HeKOTOPHIX (MITIMUecKIX IpomeccoB. OHIL
KaKk IIPaBIUIO, HeMPepBIBHEL, ITOCKOMBKY OOJBIIIHCTBO (PI3IMUECKIX IPOLIECCOB
HEIIPepPEIBHEL 10 CBOEIl INpHpome. AHAIOTOBBIe CHTHANBL  JOCTATOMHO — IIPOCTO
TeHepHupoBaTh I 00padaTHIBAaTh, OHAKO OHI IIORBOILIOT peIllaTh OTHOCHTENbHO
MpOCThIe TeXHITIeCKIle 3agaurl. PaboTa coBpeMeHHBIX HH(OPMAITIOHHEIX CICTEM

OCHOBdHAa Hda HCIIONB30BAHIII AIICKPETHBIX I1 U;[Iil}l}DBI::IT{ CIITHAJIOB.



KIIACCUDOUKAIIUA CUTHAJIOB

Puc.l. Inckpetnzauma HenpepbiBHOro CUrHana;

a) ncxoaHbi curHasn; 6) curHan nocne gUcCKpeTn3aUnmn.



KIIACCUDOUKAIIUA CUTHAJIOB

Ana  Toro 4ytodRl BOCCTAHOBHTL HCXOOHBI HENpepRIBHBII CHTHAT M3
OUCKPETH3HPOBAHHOIO ¢ MAaNBIMH HCKAKEHHAMH (IMOTPEMHOCTAMII), Heo0X0aIMO
pamHoHanesHO BRIOpaTh Imar Juckpetmsanun. IlostoMmy npH  mpeodpasoBaHH
AHAIOTOBOTO CHTHANA B THCKPETHBIN 00A3aTeNBHO BO3SHHKAET BOMPOC O BETHUHHE
mara Juckpetmsauun  Af.

(COBEPIIEHHO OUEBHAHO, UTO TOUHOCTH BOCCTAHOBIEHHA aHATOTOBOTO CHIHATA
10 MOCIETOBATETRHOCTH €ro  OTCUETOB 3aBHCHT OT BeNHUHHEI HHTEpBaia
HoUckpeTmsanun A7, Uem 0H Kopoue, TeM MeHbIIE OVIET OTIHUAThCA (pVHKIHA u(t)
OT IJIABHOIT KPHBOI, MPOXOJAMIEN Uepes TOUKH OTCUETOR. OJHAKO ¢ VMEHBIIEHHEM
IIHTEpRANa JHCKpeTH3aluu ¢ CVIIECTBEHHO BO3pPACTAeT CIOKHOCTE H 00BEM
oOpadaTeBatomenl  ammapatypel. IIpH  JocCTaToOuUHO  OONBIIOM — HHTEpBAte
aUckpetmsagun  Af BO3PAacTaeT BEPOATHOCTE HCKAKEHHA IIH  [OTEpH

IIH{I}DpP\-'IﬂI_[IIII P BOCCTAHOBIICHIH aHATOTOBOIO CHI'HATIA.



KIIACCUDPUKAILNSA CUTHAJIOB
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KITIACCUDPUKALINA CUTHAJIOB

OnTtuManbHad BeNHUYHHA HHTEpPRana JHCKPETH3alUHH  VCTAHABIHBAETCA
Teopemoil KoTenbHHukoBa. TeopemMa KoTelbHHKOBA (B aHMMOA3BIMHON JHTEpaType
— TeopeMa HaifikBucta — IlleHHoHa HIH  TeopeMa OTCUETOB) [NMACHT, 4TO,
€CJIH QHATIOTOBERIN CHTHAT HMeeT KOHEUHBIN (OrpaHHYEHHEIN M0 MHPHHE YacTOTOI

F,, ) COEKTP, TO OH MOJKET ObITh BOCCTAHOBJIEH OJHO3HAYHO H €3 MOTEPh MO
CBOHM OTCUETAM, B34TBIM C UYAacTOTOH, CTporo OOdbIIENl VIBOEHHOH BepxXHeEN

JacToTel . f,=2F,,. JpYIHMH CI0OBaMH, MpPOH3BOJBHBIN CHIHaAT u(t), CHEKTp

KOTOpOroc  OrpaHHYuYcH HC RDTCI'}JCl'ﬁ JaCTOTOI FI'»-I* MOKET OBITH IOJHOCTBH

BOCCTAHOBIIEH MO IMOCIENOBATENBHOCTH CBOHX OTCUETHBIX 3HAUEHHII, CICOVITIHE C

1
HHTCPRATIOM BpEeMEHH A= T
= L

Taxad TPAKTOBRA pPaCcCMaTpPHBACT HIE€ATbHBII CH}"[IFIIUL Rorda CHTHAJI HavdallcAd
0€CKOHEUHO JaBPHO H HHKOIJa HE 3aKOHUHTCA, a Takke He HMEET BO B]JHE‘-I":‘IE‘-HHDﬁ
NAPAaKTCPHCTHREC TOUCK Pa3pPhIBA. IIMeHHO 5TO INogPasvMceacT ITOHATHC «(CIICKT].

orpa HIUEHHBII YACTOTOI.



KIIACCUDOUKAIINUA CUTHAJIOB

PeanbHble CHTHANBI (HAMpHMEpP, 3BYK Ha HH()POBOM HOCHTENE) He 0OmajaloT

TAKHMH CBOICTBAMIL, TaK KaK OHI KOHEUHEI I10 BPpCMCHH I OO0BIUHO HMEKT ]3P BIBEI

BO BPEMEHHOI XapakTepucTHKe. COOTBETCTBEHHO, HX CNEKTP 0¢CKOHeueH. B Takom

CIIVHAC ITOMHOC BOCCTAHOBICHIIC CHI'Halla HCBOSMOAHO H I3 TCOPCMBI KoTenpHHKORA

BBRITCRAKT JBa CICOCTBEIIA.

*

JI0GOI aHATOTOBEII CHIHAT MOMKET OBITH BOCCTAHOBRIEH ¢ KaKOI VIOIHO
TOUHOCTBK) 10 CBOUM JIHCKPETHBIM OTCUETAM, B3ATBIM € YaCTOTOM
faz=2F,,, 1O€ F,, — MaKCHMalbHad 4YacToTa, KOTOPOH OrpaHHYEH
CIIEKTP PEANbHOTO CHIHAMA.

Ecnn MakcHMalbHAA 4YacTOTa B CHIHANE [IPEBBIINAET MOJMOBHHY YaCTOTEI

AHCKPCTIHEaOIMm, TO cnocoda BOCCTAHOBHTH CHIHAI M3 AUICKPCTHOIO B

AHAIOTORBIN 0€3 HCKAKEHUIT He CVIIECTRVET.



KIIACCUDOUKAIIUA CUTHAJIOB

JncKpeTHBIM HazBIBAaeTCHd CUTHAN, JICKPETHBII BO BPEeMEeHH 1 HelpPEePBIBHBIIL 110
coctogaImo. OH namaéTca perertdaroil yHkimeil (nT) muckpeTHoil mepeMeHHOIT 1.
Bemruma (nT) — oTcuéTr cirHama B TOUKe 11, VKA3bIBAIOMIEN ITOPAIKOBBIIL HOME]
orcuéra. (Mg AICKpeTHOTO U IMQPOBOTO CHTHATOB 5TO CUETHOE MHOKECTBO,
BKEOTaroree N Ttouek — mHTeppad [0, N-1]. Hateppan T HazpiBaeTcd mepHoIOM
mucKpermzamun, a obpatHad BemrHa [ ,=1/7 — wacToToll MUCKpeTH3ALMIL
JIUICKpeTHRIIT CHTHAT MOXKeT OBITh JeiiCTBUTeNbHBIM IUINT  KOMITTEKCHBIM. Ero

XAPaKTePIICTIIKAMII ABJLIFOTCA FHEPIHA 11 MOIIHOCTD.

N—1 | N—1
E= Z x(n), P:? Z x(n),
n=0 Nop—p

KOTOpPBIE MOI'YVT HHTEPIIPETIIPOBATBCA KdK SHEPIITd I MOIMHOCTE CTYVIIEHTATBIX

DI’IILT}HIDH_[ID{ AICKPETHBIX CIIT HAJIOB (II.‘{ KOHTITHYAJIIBHBIX HHHHDI’DB).



KIIACCUDOUKAIIUA CUTHAJIOB

:[IICKP&TI—]LI& CIMHAJIBI OPTOT'OHAJIBHBL, €CJIT ITX B3AlIMHAA SHEPIId YVIOBICTBOPACT

Y CITOBIIO: M1
E,,= Z x,(n)x," (n)=0.

=0

IJC 3HdAK * 00o3HAaTaeT KOMILTIEKCHOE COIIPAACHIIC.

BHE‘-pI'IIE[ ITI MOIITHOCTE OPTOTI'OHAJIBHBIX CITHAJOB aJIITTIIBHBIL, TAK KdK

N-1 N-1 e }
E= Z x (n)+x,(n) :Z- x(7) +Z. x,(n)
n=0 n=>0 n=>0

[Mudporag obpadotka cHTHATOB TpedyeT, UTOOBl AHCKPeTHBIe CIHTHANBI OBLIII

KBAHTOBAHBI 110 BCIIOIHITHE, yTOOBI IIX AMIITOTTY A IIPITHIIMAIa TOJIBKO IETOHUIICTICHHBIC

El}I]I{CIIpDBﬂH[-]LIE‘- sHaueHIId. B  »sToM CclIytaae JICKPETHBIC CIITHAJBI HA3BIBAKOTCA

udpossiMu. [dporoil crraan auckpeTeH Kak BO BPeMeHI, Tak 1 IO COCTOSHITIO.
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KIIACCUDOUKAIIUA CUTHAJIOB

[Tipporoll ciurHanm Takke ormickiBaeTcd perterdaroil ¢yakimeil x(nT), kotopas

IIPHHIIMACT KOHCHUHOEC TIICTIO JHaUeHIII Ha HCKOTOPOM IHHTEPBATIC (llT). OTH »HAUEHIIT

HA3bIBAIOTCA YPOBHAMII KBAHTOBAHITA, d COOTBCTCTBYHOITdA El)}-"HI{U;[IH — KBAHTOBAHHbIM
CHTHATOM . KsanTopamiie ITIPOISBOAIITCAH C OeIbIO ITOTYTICHITA KOHETHOIT
IMOCICTOBATCIIEHOCTIT TIICCIL H}JII IIOTIAZAHITI OTCUETA CITHATIA B Ipedeibl TOTO I1I
IHOTO IMdal'a KBaHTOBAHITA ITPOIT3BOMIITCA €10 OKPVIIICHIIE 0 YPOBHA KBAHTOBAHIILA,
COOTBCTCTBYIOLICTO 3TOMY IIAL'Y.

L[IIEI}IJOBDE[ CII'Hall OTIITTACTCA OT JICKPETHOI'O Hd BEIITIITHY |

ColnT )=x,(nT )=x(nT ), tme {,(nT) — ommdka KBAHTOBAHILL

MakcimaIbHOI OMIIOKOIT KBAHTOBAHIII MOKET OBITE IIOJIOBIHA ITara KBAaHTOBAHIL.



KIIACCUDOUKAIIUA CUTHAJIOB
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KIIACCUDOUKAIIUA CUTHAJIOB

Ha Brixome ATIIL dopmipyeTcd mocneqoBaTeMbHOCTD IBOIMHBIX HIICeT {X},
COOTBETCTRYIOMAA 3HaueHIM Xy(nT), T e. x(nT) = {000 001 010 010 011 011
011} B pesymbrate nomydaetcsd MIppoBoil oOpas curHama, KOTOPBIT HazkIBaeTCA
BosIHoBoI1 ¢opmoii (Wavetorm). /[pyroe Hazpame omippOBaHHOTO CHTHATA —
cyvm1  (Sampl). CooTBeTcTBeHHO, TIpoliece IMUQPPOBOTO IMpeodpa3OBaHIL
HaRBIBAeTCA CIMILMIpoBaHHeM. BomHOBEIE (POPMEI (C3MITIBI) MOTYT XPAaHUTHC

B ITaMATIIL, HA KECTKOM JIICKE B El)'ﬂﬁﬂﬂf‘{ [Pa3JOIaHBIX ElJOpB-IHTDB.

TounocTh  IIppoBOro  ImpeoOpa3OBaHIII  OMPedelLIOT  AIHAMITIe CKINT

OIIallaz0H CHTHANa 11 COOTHOIIeHIle CITHAN-IIyM. [lokasarens gIHaMITdeCcKoro
AMaa3oHa 3aBICHT OT JAMIMHBLI ICHONB3YEeMOTO ABOITIHOTO KoAa MM OUTOBOTO
paspenternid (Bit Resolution) nryma xpa"toBamig. C yBeNmiTdeHIIeM YpPOBHeI
KBAaHTOBAHIIA IIOBBOIAETCH aMIUIITYIHOE pa3pelleHIle CHTHala, TOYHOCTH €ro

BOCIIPOIT3BEICHIT.



INPUMEPDBI IMCKPETHbBIX CUT HAJIOB

Jluckpernsaius aHaJOroBbIX CHMIHAIOB — HE EJMHCTBEHHBIH HCTOUHMK
MOJY4YEHHA CHTHAIOB IUCKPETHBIX. [IpUMEpOM OUCKPETHBIX CHIHAIOB JIPYroro
MPOUCXOXKICHHS ABJIAIOTCA pasinuHble (pMHAHCOBBIE Tokaszartenu. Hampumep, Ha
puc. mokasaHa Ttabimuua kypca posutapa CIIA, exeqHeBHO yCTaHABIMBAEMOIO
LlenTpansHbiM 0ankoM Poccuiickoit @esepaiu. [locnenoBaTebHOCTL THX 3HAYCHUI
TaKke 00pasyer CUrHaj AUCKPETHOrO BPEMEHH.

O6paboTka GUHAHCOBBIX AAHHBIX — BAYKHBIH pasjiesl cOBpeMeHHOH 00paboTku
CUrHAIOB. K HEMy OTHOCATCH alrOPUTMbI NpEACKa3aHus OUPKEBBIX KYpPCOB, Ha
MpUHIKNAX 00pabOTKM CHTHANOB OCHOBAHBI TaK HasbiBaeMble OMpPHKEBBIE POOOTHI,
OCVILECTBISIOIME Wrpy Ha OHp:ke 0€3 HEmoCpeACTBEHHOrO Y4YacTHsA OIepaTopa.
[Iporiecc BBILIATHI KpeuTa TaKkKe MOXKHO OIMCATh KaK HM3MEHCHHE 3HAueHWM
AHUCKPETHOT'O CHI'Halla BO BPEMCHH.,



INPUMEPDBI IUCKPETHbBIX CUT'HAJIOB

Kypc ponnapa LLb P® B pespane 2020 BaskoTa: A0/11ap Ha 2020-02

KYPCbI Lib P® APXMB Lb P KYPC OOJIJTAPA KYPC EBPO HA 2020 1O[, HA ®EBPAJIb 2020 KYPCbl BAJIHOT B BAHKAX

JeHb Kypc 3za 1 ponnap LUb P® WNameHenne

14 ¢eepana 2020 63.6016 +0.55
Kypc 3a 14 deppana 2020

13 depana 2020 63.047 -0.9
Kypc 3a 13 despana 2020

12 deBpana 2020 63.949 +0.18
Kypc 3a 12 despans 2020

11 depana 2020 63.7708 +0.3
Kypc 3a 11 pespana 2020

10 depana 2020 63.472
Kypc 3a 10 despana 2020

9 despana 2020 63.472
Kypc 3a 9 despans 2020

8 despana 2020 63.472 +0.67
Kypc 3a 8 despans 2020

7 despana 2020 62.7977 -0.38
Kypc za 7 despansa 2020



INPUMEPDBI IMCKPETHbBIX CUT' HAJIOB

Cnenyroimuii npumep OTHOCHTCS K oOpabotke u3obpaxenuit. U3obpaxenue
MPEJICTABIAET CODOM 08yMePHbIL CHTHAI, 3TO 3aBUCHMOCTh HHTEHCHBHOCTH CBETA OT
NBYX TPOCTPAHCTBEHHBIX KoopauHaT. B ciydae peructpanyn wm3o0pakeHus

COBpPEMEHHBIMH [H(POBBIMH (pOTOANNAPAaTAMUA WM BHICOKAMEPAMHU TOJTYYCHHBINH
CUTHAJI Cpa3y K€ OKa3blBACTCA JMCKPETHBIM Tak Kak (DOTONPHEMHHK Ipe/CTaBlser

co0O0H ABYMEPHYIO MATPHILY, COCTOALIYIO U3 OTACbHBIX MUKceNnei. Kax /bl nMukcenb
PErucTpUpyeT HMHTEHCHBHOCTH TMAJAIOIIEr0 Ha HEro CBera, 3Ta HMHTEHCHBHOCTH
nmpeoOpasyercs B ANEKTPHYCCKUI CUTHAI U 3aTeM B HIU(POBOH Koz, Takum obpazom,
[0JIy4aeTcsa AMCKPETHBIH (B JaHHOM Ciydae IO MPOCTPAHCTBY, & HE M0 BPEMECHH)
CHUTHAJL

B KkauecTBe WimIOCTpanMM Ha  pHC. T0Ka3aHo, Kak (ortorpadusa (cmpasa
CBEPXY) MPEICTABIACTCA B BHIC IBYMEPHON (YHKIIMH 3aBUCHUMOCTH WHTCHCUBHOCTH
yepHO-0e/10ro U300pakeHuss 0T MPOCTPAHCTBEHHBIX KOOPJMHAT — HOMEPOB CTPOK M
CTOJIOLIOB ITHKCEIEH.



(v

]

OpamCcHHE KdK TBYMEPHEBIH TJHCKPETHREIH CHT'HAI

Puc. M300



INPUMEPDBI IMCKPETHbBIX CUT' HAJIOB

[IprBeIeHHBIMU [IPUMEPAMH BO3MOYKHOCTH TOJYYEHHS JIMCKPETHBIX CHIHAJIOB,
pa3yMeeTcs, He OrpaHMYMBAIOTCA. YIOMSHEM JIMIIL €Il OJHY 00jacTh. DTO Tak
Ha3biBaeMas OuomHpopMarnka, a 0onee KOHKPETHO — aHalIW3 TEHETHYECKOTO KOJa.
['eHeTHHECKMH KOA TpENcTaBiseT coOOH TMOCIEN0BaTENLHOCTE HYKICOTHIOB H,
[MOCKOJIbKY 3Ta IIEM0YKAa COCTOUT U3 OT/AEIbHBIX 3JIEMEHTOB, €€ MOKHO IPE/ICTaBUTh
KaK CHIHaJl JUCKPETHOIO BPEMEHH, KpOME TOro, KOJMYECTBO BO3MOMKHbBIX
MCTIOJB3YEMBIX B HEM HYKIICOTHIOB KOHEYHO, MOITOMY JAAHHBIA CUIHAI SBIACTCA HE
TOJBKO JUCKPETHBIM, HO U IIU(PPOBLIM — €r0 3HAYCHH MOTYT ITPUHUMAThL BCETO JIUIIIb
HECKOJIbKO BO3MOXHBIX BapuaHToB. Q0paboTka 3Tol reHeTnueckoil MHMGoOpManuu —

TOXE OJHA W3 MHTepecHeimux obnacrell coBpeMeHHOW UU(BPOBOH 00pabOTKH
CUTHAJIOB,



O©OPMBbI IIPEJICTABJIEHUA CUT HAJIOB
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Puc.2. a) ¢pparmMeHT HENpPEpPLIBHOIO PEYEBOr0 CHUrHajda; 6) MOCJeJ0BATEILHOCTH OTCHe-
TOB, NMOJY4YeHHaA M3 ¢parMeHTa a), npu mare T = 125 MKc



HOPMHUPOBAHHOE BPEM

H}JII IT3YHICHIT UII(IJ}JOBBIK CIICTCEM }-’,I[OSHD I[TOIB30BATBECA HOPMITPOBAHHBIM

BPEMCHCM

.

HopmupoBaHHoe BpeMsi [ ecTh HOMeP N OTCUETa MICKPETHOTO WMI IMIPPOBOTO
cirHama. J[ma  ommicaHmd  guUcKpeTHoro  (ImippoBOTO) CHMTHATa MOTYT — OBITH

ICIIONB30BAHBI PABHO3SHATHBIC 0003HAUEHIIT:
x(nT), N, =n=N,; (1)

x(n), Ny<n<N,; (2)

ObozHaueHIIe (1) mprmeHaeTCd IIPI PABHOMEPHOM PaCTIONOKESHIT OTCIETOB,

00O3HAaUeHIIe (:) MOUKCT IIPIIMEHATBCA IIPIT HCPABHOMCPHOM PACIIONOKCHIIIT OTCUETOB.



JMNCKPETHDBIE CUI HAJIBI

I 78 91011

|1 :
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Puc. 1. ['paduyeckoe npeacTasieHne TUCKPETHOrO CUIHAJA



AHAJIN3 CUTHAJIOB

OcHOBHAa# 11eJ1b aHAJIN3a — MPEI0CTABUTE MATEMATHYCCKHE MEXAHH3MbI J1JTA
CPABHCHHA PAa3HBIX CHI'HAJIOB, BBIABJICHHA HX CXOICTBA H PA3JIMHHA. OCHOBHBIE
COCTABJ/IAKOIIHC aHaJIM3a CHI'HAJIOB.

® H3MCPCHHC HHUCIIOBBIX TIApaMCTpOB CHIHAIOB {MHKCHMHJILHGE 3HA4YCHHC,
JHCPI'Hsd, MOIIHOCTE H T. 1'[.);
® PA3JIOKCHHC CHTI'HAJIOB Ha 3JICMCHTAPHBIC COCTABIARLIHC,

® HUIMCPCHHC «CTCIICHH CXOMCCTH» CHI'HAJIO0B.

Hopma w »sneprusi curnana. lleppas rpynma napameTpoB CBfi3aHa C
M3MEPEHHEM «pa3Mmepa» (ypoBHS) curHana. Jljust 3TOro BBOJMTCS MOHSITHE HOPMbI
curHasia. MOJKHO TpPaKTOBaTh MOCIEI0OBATEILHOCTH YHCEN (TO €CTh JIUCKPETHBIC
CUTHQJIbI) KaK BEKTOPbI B MHOTOMEPHOM IPOCTPAHCTBE CHTHAJIOB.

OCHOBHBIE CBOMCTBAa HOPMBI CUTHAJIA, XapaKTEPU3YIOIICH €ro «pa3smep»:
® HOpMa JI0JIKHA OBITh HEOTPUIIATEIBHOM;
e OHa JOKHA OBITH paBHA HYJIIO TOJBKO [JA CHTHAJA, BCE OTCHETHI
KOTOPOTO PaBHBI HYJIIO;
® [IpM YMHOXCHHHM BCEX OTCYCTOB CHUIHAJIa HA OJHY U Ty K€ KOHCTaHTY
HOpMa JI0JDKHA MPOMOPLHHOHAIBHO M3MCHHTBCA, YMHOMKUBIIUCH HA MOAYJIb ATOH

KOHCTAHTHI.



AHAJIN3 CUTHAJIOB

HDPMH H JHCPIHH CHI'HaJIa

O6mas hopmyna Jijisi TaKk Ha3bIBAEMOH p-HOPMbI CHT'HAJIA UMEET BU/IL:

Vp
||K||ﬂ=(z |I(k)’”)
k=—a0

HamnOosibiice pacnpocTpaHeHUE TMONYYHIIA  esKIudoed Hopmd, KOTopas

COOTBETCTBYET p = 2:

uxng:\/ S [x(k)f

f ==
KBajpar eBKJIMI0BOW HOPMBI, TO €CTh CyMMa KBaJpaTOB MOJYJIEH OTCUETOB
CHUTHAJIa, HA3BIBAETCA €TI0 IHepuel:

E =Y |x(k)

BaHbIH KJIacC CUTHAIIOB 00Pa3yIT CUcHAIbL C KOHEeYHOU 3Hepauet, I KOTOPBIX
E, <o,

3




AHAJIN3 CUTHAJIOB

MUHII-I[ICT[: CHI'HaJ1a. ,HEI.}I{B CCIIH SHECPIUs CHUI'Halla ABIACTCAH GECKDHEHHDE,
BO3MOMHO, AN HEro vyjiaactcia pPacCUHTATE HHEPIrETHHUCCKHE XAPAKTCPHCTHKH,
HCIOJIL30BAB IMOHATHE MOW{HOCTU,

Menosennas MOWHOCT b JIA JUCKPCTHOTO CHI'HAJIA OIPCOCIACTCA TPOCTO KdK

(k)= b(k)?

Cpeonsist MOWHOCMb TIOTYYACTCS MYTEM YCPEJHEHUS MTHOBEHHOH MOIIIHOCTH T10

KBapaT MOIYJIA CT'0 OTCHCTOB!.

3a/JTaHHOMY MHTEPBa/ly BpeMeHH. 1 KOHEeUHOro HHTEpBaJia

| . 2
P = k),
el

a A4 YCPCIOHCHHA 110 OEeCKOHEYHOH BpGMEHHDﬁ OCH He0OXOIHMO BBIIOJIHHTH

IpeeIbHBIH IIepexo/l:
. | N 3
P =lim —— x(k
PoNox IN 41 A.;ﬂ”-‘ ( )‘

Jlaxe eciii y curHasa Oblia OecKoHeYHas YHEPrus, MOKET 0Ka3aThbCs, YTO Y HEro
OyleT KOHeYHasi Cpe/iHsst MOIHOCTh, CucHanbl ¢ KOHEYHOU cpeodHel MOWHOCHbIO, Y
KOTOPBIX Pgp < 00, 00pa3yioT elle OJIMH BaKHbIN KJIACC CUIHAJIOB.



AHAJIN3 CUTHAJIOB

Paccrosinue mexay curHagamu. OjHuUM M3 CrOCOOOB H3MEPUTH CTENEHb
CXOJICTBA MEKAY CHTHAJIAMH SBJISACTCA BBEACHHE TIOHATHA PACCMOAHUA MEKITY HUMH.
PaccrosiHue paBHO Hopme pasHocmu CUTHaIOB. B ciaydyae eBKIMOOBOH HOPMEI
MOJIY4aeTCs e8KIUO060 paccmosHue, PACCUHThIBaeMoe 110 (popmyiie

d,, =[x, =X, |, =\/i |xl(k} _xz(k)‘l

h=—n

PaccmoTrpuMm moapoOHee, 4TO mpeacTaBageT coboil KBaapaT €BKJIMI0BA
pPacCTOSTHHS:

&= Y [k -y = X s + 3|

k=—o0 k=—mw h=—o

—Zx(k}y (k) — Zx )y(k)=E +E, —2Re Zx{k)v (k).

k=—m k=—ocn b=—m

(1.1)

Bxosamias B momydeHHyro (hopMyay cymma

> x(k)y (k) (1.2)
B TCPMHHOJIOTHH Dﬁ]}ﬂﬁDTI{H CHTHAJIOB HAa3bIBACTCA B3dUMHOIU H{}ppﬂmt{u{%ﬁ ABYX

CHI'HAJ/IOB, 4 B TCPMHHOIIOI'HH [IPOCTPAHCTBA CHI'HAJIOB — CKAJIAPHBIM pr)HHHE(}E?HHE'M
BCKTOPOB, MIPCACTAB/IAKOIIUX CHI'HAJIBL.



AHAJIN3 CUTHAJIOB

Koppeasiunonnbsle (YHKUHM. Mbl [OJYYHIH, YTO E€BKJIMIOBO PACCTOSIHHE
MEK/1Y CHTHAJIAMH 3aBHCHUT OT UX IHEPIrUH U B3aMMHOH KOppeIsiiHi. DHEPruH 3aBUCAT
OT HMHAWBHAYAJIbHBIX YPOBHEH CHIHAJIOB, a B3aWMHasg KOpPpEIALUHsA [MOKa3bIBAET
CXOJACTBO UX ¢hopmbi. HO cUrHaibl OJMHAKOBOH QOpMBI MOTI'YT OTJIMHATBECS JAPYTr OT
Apyra mpoCTO BpPEeMEHHbIM CABUIOM. YTOOBI y4ecTb 3TO, IOHSATHE B3aUMHOMH
KOPPENSIMK pacIlIMpAeTCs W BBOJUTCA 63aumHasn koppensayuonnas gynxyus (BKD),
KOTOpasi [10Ka3bIBAE€T B3aUMHYI0 KOPPEISILUHMI0 MEXKIY CHUTHAJIAaMH I[PH  Pa3HbIX
BPEMEHHBIX CABUIaX. APryMEHTOM 3TOH (DYHKIIUH SABJISETCS BPEMEHHOM ¢/1BUT Ak:

B, (Ak)= i x(k)y (k- Ak).

ko =—oo

Yem Oonwme monyne BK®, tem Oombiie cxoacTBo (popMbl CHTHANIOB IIPH

COOTBETCTBYIOIIEM BPEMEHHOM caBure. 3HaueHusAs Moayias BK® orpanuuensi, sta

rpaHuLa OMPEACIACTCA HEPABEHCTBOM, KOTOPOE B pa3HbIX BapuaHTax (hOPMYIUPOBKH
n3BecTHO noja nmMeHaMu Ko, bynsikoBckoro u IlIBapua:

B, (Ak)| < JEE, .

PaBeHCTBO JOCTHIraeTrcsi B TOM H TOJbBKO TOM cly4dac, Koriga OJAHH CHI'HAJI
ABJIIACTCAH SHH'EPH{HHHD]FI H MﬂCHITﬂﬁHpDBHHHDﬁ KOTTMEH Apyroro, TO CCTh CCIIH

v(k) = Ax(k — ko).



AHAJIN3 CUTHAJIOB

Koppejassuuonnsie QyHKUHH.

B, (Ak)= Z x(k)y (k—Ak) - ezaumnas xoppenayuonnas gynxyus (BK®),
k=—uw
Yem Oonemie moayae BK®, Tem Ooubliie cxomcTBo (OpMBI CHTHAIIOB MPH
COOTBETCTBYIOIIEM BPEMEHHOM CJIBHTE.

[Ipu coBmaeHUH CUIHAJIOB X U ) TOJIYYACTCA A8MOKOPPEIAYUOHHAS (DYHKYUA
(AKD):

*

B (Ak)=") x(k)x"(k - Ak)

,ﬁ:: i

Tak Kak CHrHam MOJHOCTBIO COBMAAAET CO CBOEH HECIABHMHYTOH KOIHEH,

MakcumanbHoe 3nauenne AK® nocturaercs npu Ak =0 1 paBHO YHEPrUH CUTHATA:

[B,(Ak)|< B,(0)=E,.



JUCKPETHDBIE CUT'HAJIbI

MaTtemaTu4ecku JUCKPETHBIEC CUTHAIBI IPEeACTABIAIOTCA IOCIeA0BATETBHOCTAMM TU-
cen. YucaoBas mocaeJ0BaTeAbHOCTD X, N-U WIEH B KOTOPOU 0003HAYAIOT Yepe3 x[n),

OpPMAaJbHO 3AMUCHIBAETCSA KaK
2P z = {z[n]}, —o00 < n < 00,

rae n — nejoe 4yucao. Ha mpakTuke Takue IOCIeIOBATENLHOCTH BO3HMKAIOT, Ha-
puMep, Npu nNpeobpa3dOBaHUM AHAJOIOBOI'O CUTHaJa B JUCKPETHYIO dhopmy. B aToMm
Cay4ae 4UCJIeHHOe 3Ha4eHUe N-I'0 “WIeHa MOCJIeJOBATEeNbHOCTH PABHO BEJIUYMHE aHA-

JIOTOBOI'O CUT'HAJNA To(t) B MOMenT Bpemenu nl, T.e.
zln] =z, (nT), BRI O

Yucao T Ha3wIBaOT waz2om duckpemu3ayuu, & O6paTHOE K HEMY — wacmomot duc-
Kpemu3ayu.

x[- 1] ¢ X 10] x[n]

x[-2] o o x[1] Puc. 'pacduyeckoe
x[2] npejcTaBlIeHne TUCKPEeTHO-
' CUrHaJa
el hr, 78 9101
D BTohekq 301012345 8§ l ll n



CTAHAAPTHBIE ITOCJIEAOBATEJIBHOCTU
U OIIEPAIIMUUA C HUMU

[Ipn amanM3e TUCKPETHBIX CHUT'HAJOB M B CUCTEMAax OOpPabOTKM CUIHAJIOB HaJ IOCIe-
IOBATEJIbHOCTAMM COBEPUIAETCA PAJ OCHOBHBIX Npeobpa3oBaHuit. IIpomsBenenue u
CyMMa ABYX IOC/IeJOBATEIbHOCTEN x[n] 1 y[n] onpenensorcs NOWIEHHO, T.€. z[n] =
= z[n| - y[n] — npomssegenue, a w[n] = z[n| + y[n] — cymma sTEx nocrezoBaTesb-
HocTer. IIpousBeseHneM NOCIEIOBATENILHOCTH Z[n| HA YNACIO (v CIATAETCA MOCTIENO-
BATEIbHOCTD, NOJYYAMAACA U3 T[N| B pe3yJbTarTe YMHOXKEHUs KaXKIOrO ero |je-
Ha Ha «. [lociegoBaTeabHOCTD Y[N] HA3BIBAIOT 3a€PXKAHHOM, UK CIBUHY TOU BEepCHen
MOCJIEI0BATEABHOCTH Z[Nn|, ecan

y[n] = z[n — ng], rae ng — wenoe uuco.

Hekoropsie 13 nociie10BaTeIbHOCTEN 0COO0 BaXKHEI TP OOCY K IEHUM TEOPUH JUC-
KPEeTHBIX CUT'HAJOB U CHCTEM.

a) le Puc. Hekoropwie crangapt-
EIUHHYHBIH HUMITYJIBC HBIE TOCJEeI0BATEIRHOCTH

—_— % o o990 00 B-9-8 8 - —
0 n
[ ]

6) 1
“- eIMHHWYHBIHA CKAYOK ] ] { l -

—_—— 000000
0 n




CTAHAAPTHBIE ITOCJIEAOBATEJIBHOCTU
U OIIEPAIIMUUA C HUMU

[Ipn amanM3e TUCKPETHBIX CHUT'HAJOB M B CUCTEMAax OOpPabOTKM CUIHAJIOB HaJ IOCIe-
IOBATEJIbHOCTAMM COBEPUIAETCA PAJ OCHOBHBIX Npeobpa3oBaHuit. IIpomsBenenue u
CyMMa ABYX IOC/IeJOBATEIbHOCTEN x[n] 1 y[n] onpenensorcs NOWIEHHO, T.€. z[n] =
= z[n| - y[n] — npomssegenue, a w[n] = z[n| + y[n] — cymma sTEx nocrezoBaTesb-
HocTer. IIpousBeseHneM NOCIEIOBATENILHOCTH Z[n| HA YNACIO (v CIATAETCA MOCTIENO-
BATEIbHOCTD, NOJYYAMAACA U3 T[N| B pe3yJbTarTe YMHOXKEHUs KaXKIOrO ero |je-
Ha Ha «. [lociegoBaTeabHOCTD Y[N] HA3BIBAIOT 3a€PXKAHHOM, UK CIBUHY TOU BEepCHen
MOCJIEI0BATEABHOCTH Z[Nn|, ecan

y[n] = z[n — ng], rae ng — wenoe uuco.

Hekoropsie 13 nociie10BaTeIbHOCTEN 0COO0 BaXKHEI TP OOCY K IEHUM TEOPUH JUC-
KPEeTHBIX CUT'HAJOB U CHCTEM.

a) le Puc. Hekoropwie crangapt-
EIUHHYHBIH HUMITYJIBC HBIE TOCJEeI0BATEIRHOCTH

—_— % o o990 00 B-9-8 8 - —
0 n
[ ]

6) 1
“- eIMHHWYHBIHA CKAYOK ] ] { l -

—_—— 000000
0 n




CTAHAAPTHBIE ITOCJIEAOBATEJIBHOCTU
U OIIEPAIIMUUA C HUMU

HekoTopnbie u3 nocie10BaTelLHOCTEN 0COO0 BaXXKHBI IPU 0OCY K I€HUM TCOPAM JUC-

KPETHBIX CMI'HAJOB B CHCTEM. a) le

eIHHHUYHBIH HMITYJIbC

0

R

0

8) 4
® BEILIECTBEHHAN IKCTIOHEHTA
®
I]IIITITT
n
2)
CHHYCOHMJAIbHBIH I I I ]
Puc. Hekoropsle crangapr- e T : _ T

HBI€ TTOCTEe10BATENBHOCTH n



CTAHAAPTHDIE ITOCJIIEJOBATEJIBHOCTHA
U OIIEPAIIMUUA C HUMU

Eodunuunbit umnyasc 1
EIHHUYHBIH UMITYJIBC
0, n#0,
d[n] = { ’ 7
I, n=10. 0 ”

K ogHOMY U3 BaXXHBIX CBOMCTB €IMHUYIHOI'O MMNYJIbCA OTHOCUTCA TOT (haKT, UTO
m00asa moCIeI0BaATEILHOCTL MOXKET OBITh BBIPAXKEHA B BHJAC JUHEMHOM KOMOWHAIIAN
CABMHYTHIX MMNOyJabcoB. Hanmpumep, mociaegoBaTeabHOCTH p[n] w3 puc. npeacra-

BJAACTCHA B BUIEC! ﬂ‘]
a 1
; pln]

p[n] = a—_3d[n + 3] + a16[n — 1] + I ) ;
l o @ 1 E .
a

+a26[n—2] +{175[ﬂ, *—7], -4 -2 01

a [JIs TPOU3BOJBLHON TIOCJAEI0OBATEIBHOCTH CIIPABEIINBO COOTHOIICHUE:

8. 8]

zfn] = Y a[k]é[n — k.

k=—o0c



CTAHIAPTHDBIE NOCJIIEAOBATEJIBHOCTHA
U OIIEPAIIUUN C HUMHU

() u }' :
Edunuunstii ckawox omnpegensercs hoOpMyJIOun: uln] = 1, n=>=0,
0, n<O.
le T o0
€MHHYHBIA CKa40K [ l ] l ’
0 n
T
EIVHUYHBIN CKAYOK BBIPAXKAETCA Yepe3 MMIYJIbC: u[n] = Z S[k],
k=—o00

T.€. N-A OTCYeT €IHHUIHOI'O CKa1Ka paB€H CyYMMeE BCEX TJICHOB HMH}’JII:CHOEI

nocjaeqoBaTeJabHOCTH BILJIOTE OO TN-I"O.

Bce HeHy/1eBBIE WiIEHBI € JUHUYHOI'O CKAYKa PABHEI 1, TO3TOMY

uln] =d[n]+dn—-1+4dn—-2]+--- = Z(S[n — kJ.
k=0

C Apyrou cTOPOHBI, MMITYJIbCHAA MTOCICIOBATEILHOCTD MOXKET ObITh BBIDaXKeHa depe3
eIMHUYIHBIA CKAYOK KaK Pa3HOCTh:

é|n] = uln] — u[n —1].



CTAHIAPTHDBIE NOCJIIEAOBATEJIBHOCTHA
U OIIEPAIIUUN C HUMHU

FKCNOHEHYUAALHAA NOCAedOBaMeabHOCTb HANbOJee BaXKHA NPH NPEICTaBICHUN
¥ aHaJIu3e JUHEeUHBIX CTAIMOHAPHBIX TUCKPETHHIX cucTeM. B obiiem Buge Takue mo-

CJIeJOBATEILHOCTH 3AMUCHIBAIOTCA KaK
z[n] = Aa™.

L ] BEIIIECTBEHHAA JKCIIOHCHTA

UIIT‘T?

n

Ecau A m a — BemecTBeHHBIE YACAA, TO COOTBETCTBYIOMAA MOCIEIOBATEIBHOCTD TO-
e HaseiBaercsa BemecTBeHHOU. Ecmm 0 < a < 1 n A nosoxurenbHo, TO 3HAYCHUA
MIOCJAeJ0BATEIbHOCTH MOJOXUTEIbHE U YOLIBAIOT NPU POCTE N, KaK Ha pHC.

Korga —1 < a < 0, 3Haku 41eHOB NOCJIeIOBATEILHOCTH YepPeayIOTCsa, HO uX abco-
JMIOTHEIE 3HAYeHUs Bce paBHO ybuiBaioT. Hakonen, npu |a| > 1 mociegoBaTelbHOCTE
BO3pacTaeT Mo abCOMIOTHOU BEIUYUHE C POCTOM M.



CTAHIAPTHDBIE NOCJIIEAOBATEJIBHOCTHA
U OIIEPAIIUUN C HUMHU

KOMﬁHHHp OBaHHE CTaHJapPpTHBIX IIOd/Ie JOBATEJBbHO ETEI“‘I

ITOBOIBHO YaCTO CTAaHAAPTHBIE NMOCIELOBATEIBPHOCTH KOMOMHMDPYIOTCA NJIA MOMYyYeHHUA HO-
BLIX. JKCIOHEHIUAJILHYIO MOCJAEJOBATEILHOCTD, YWIEHBI KOTOPOU paBHBI Hymo npu n < 0,

MOXHO ONPENEIUTH KaK
Ao™, n>0,
z[n| =

0, n < 0,

4TO UMEeT AOBOJBLHO HEeYKJIIOXUHU BUI. Bojee mpocTo Takas mociae 0BaTeIbLHOCTh 3a4aeTCA
Kak BeIpaxenue r[n] = Aa"u[n].

Cunycoudasbnas nociedosamesbHocms TOXe UTPAET HE MOCJIETHIOK poJab. B 00-

ey popMe OHa MMEET BUA r[n] = A cos(won + ), Vn € Z,

I'qe An (¢ — BeEIIECTBEHHBIC KOHCTAHTHI.

CHI'Hall

[ o 'Ix B .
[

CHHYCOMIATbHBIH I ]
?




KDMﬁHHHp OBaHHE CTaHAAPTHLBIX IIocdjleJOBATeJbHO C'I‘Eﬁ

DKCIOHEHIMAIbHAA MOCAeOBATEALHOCTh Aa™ € KOMIUIEKCHBIM (@ MMEET Bellle-
CTBEHHYIO ¥ MHUMYIO YaCTH, ABJAIOLIMECS B3BEIIEHHbIMA CUHY oM 1aMu. Bouee To4HO,
ecin o = |ale’*® u A = |A|e!?, To nocaegoBaTenbHOCTH Aa™ MOXeT GHITH 3aNKCaHa
OJHUM M3 CAeIYIOIUX CIOCOOO0B:

T[n] — Ag" = |A|Ejtﬂla]nejwnn _ |A|J&|n€j[an+tp) —
= |Al|a|™ cos (won + ¢) + j|A||a]™ sin(wen + ¢).

JTa MOCJIeI0BATEILHOCT OCHMIMPYET € DKCIOHEHIMAILHO PACTYLIEN Orubalomen,
ecm |af > 1, mam ¢ SKCNOHEHIMAILHO YMeHbIIawmencs orubamomen npu |al < 1.

Korga |a| = 1, mociegoBaTelbHOCTh HA3BLIBACTCA KOMNAEKCHOT IKCTONEHYUAAD-
Hol Mocaedos8ameabHocmvio:

zn] = |A|e“0™9) = | A| cos(won + @) + j|A|sin(won + ),

T.€. KaK BEeIIeCTBeHHAs, TaK U MHMUMAsA YacTh MOCIEIOBATENLHOCTH MEHACTCSA CUHY-
cougaabHO B 3aBucumocTu or n. [lo ananorum co caydaem HenpepeIBHOI'O BPEMEHH
BEJIMYMHY Wy HA3LIBAIOT (KPYTOBOM) %acmomot KOMILIEKCHOU CUHYCOMILI WIN KOM-
JICKCHOM BKCIIOHEHTHI, a ¢ — ee (ha3oti, n — Geapa3MepHoe IeJoe “UCIO.
[TooToMy wo mOMKHA U3MEPATHLCA B paguaHaX. Ecau MBI XOTHM TPOCJICKUBATH
AHAJIOTHIO CO CJAYYAeM HEMPEPBIBHOIO BPEMEHW, TO Heo6X0IuMO YTOYHUTH
eIUHUILY 4aCTOTHI KaK paIvaHbl Ha OTCYET, a N U3MEPATH B OTCYETaX.



KOMﬁHI—IHp OBaHHE CTaHAAPTHBIX IIOodJeJOoBaAaTeJbHO CTEﬁ

Tor pakT, 4TO mepemeHHasa n B (oOpMyJe  BCerga NIPpUHAMAET TOJILKO IeJble
3HAYEHUs, MMOJBOIUT HAC K HEKOTOPBHIM BaXKHBIM OTJMYUAM B CBOMCTBAX JUCKPET-
HBIX U HEMPEPBLIBHLIX KOMILIEKCHBIX 3KCIIOHEHIIMAJIBHLIX ¥ CUHYCOU JATbHBIX MOCJIEN0-
BaTeabHOCTEN. PasHuma Mex 1y HelnpepuIBHON ¥ JUCKPETHOM KOMILIEKCHOU 3KCITOHEeH-
TOM 0COOGEHHO 3aMeTHa npu Yactore (wy + 27). B aToMm cay4ae

IL'[TE] - Aej(wc.+2ﬂ}n — Aelwongi2nn _ geiwon

Boaee obmuu dhakT: MOXHO  yOEIUTBCA, HYTO KOMILIEKCHEIC DKCIIOHEHIIMAJILHBIC
MOCJEI0BATEIHLHOCTH ¢ YacTOTaMu (wo + 27t7) npu r € Z HeOTIMYUMBL OHA OT ADY-
rod. AHAJIOrMYHOE YTBEPXK JIeHUE CIPABEIINBO N1 CHHYCOUAIBLHBIX MOCIEI0BATEb-
HOCTEU:

z[n] = Acos((wo + 277)n + ¢) = Acos(won + ¢).

[Ipu paccMOTPEHNT KOMILIEKCHBIX DKCIOHCHIMATLHLIX CUTHAJIOB Buaa z[n] = Aelvo"

WM BEIIECTBEHHBIX CHHYCOMIAJbHBIX CUIHAIOB Tuna z[n| = Acos(won+y)

MBI JOJI2KHBI OTPaHUYIUTCA YaCTOTaMHU, JeXXKallluMHU B HHTepBaJie IJINHBI 271',

HanpuMep —T < wo < 7 wm 0 < wy < 2.



KOMﬁHHHp OBaHHE CTaHAapPTHbLBIX IIOoGjIeJOBaATeJIbHO CTEPUI

Caenyromee BaxXHOE OTJIMYNE TUCKPETHBIX KOMILIEKCHBIX DKCIIOHEHT M CHHYCOW T
OT HENMPEepBIBHBIX KACAETCS X NMEPUOIUIHOCTHA. B HenmpepuIBHOM Clydae Kak CUHYCO-
MIAJTBHBIM, TAK U KOMILIEKCHBIN DKCIIOHEHIMAJILHLIA CUTHAM ABIAETCS MEPUOIUIHON
(pyHKIMEN, nepruo ] KOTOPOY PaBeH 27, JeJJeHHOMY Ha JacToTy. B quckpeTHoMm caydae
MOCIEJOBATENBHOCTD CIMTAIOT NEPHOAMTHON, €CTM 2] = zln + N|, Vn,

rae nepuog N — oba3aTenbHO neaoe ducao. [Iposepssa 3To yeaoBue qist JUCKPETHBIX
CHHVYCOH I, MOAVIHNM
A A cos(won + @) = Acos(won + woN + ),

oTkyga wolN = 2nk, k€ Z.

AHAJIOrMYHOE YTBEPXK IEHUE UMEET MECTO U I KOMILIEKCHOM DKCIIOHEHIMAJILHOU T10-
ciaegoBaretsHOCTH Cel¥°™. Oua 6yger N-nepuoguuHON, TOJBKO €CIH

eng(n+N) — E,ngn_

IJTO PaBEHCTBO BEPHO Torja, koraa wolN = 2mk.
CaenoBaTeabHO, KOMIUIEKCHAA DKCIOHEHIMAILHAA ¥ CHHYCOM JAJbLHAS

IocJe10oBaTeJbHOCTH HE 0643aTEIbHO MEHAITCA MNepuoaguvIHO B 3aBUCHMMOCTH OT N C

NeEPHO JO0M i—g‘ CBOIL:ICTBD X MMEPHOIUIHOCTH 3aBHCHT OT 3HAUCHHMA TaCTOTHIL Wy.



Puc. I[TocaegoBaTeabHOCTH COSwomn

NJIA HEeKOTOPBIX 3HAYEHHH wq

PPTITIITTIYIIIIIIIITIITITIYIYTY ©=0 mum wy=2n

0 n

Wy = /8 WK W, = 15m/8

e ——
i
¢
—
b
. ]
-

0= /4 unu
0, = T4

=T




JNCKPETHBIE CUCTEMDbI

C TOYKM 3PEHUsT MATEMATUKUA CUCTNEME ¢ UCKPEMHBIM 8PeMEeHEM OTIPENENTeTCs KAk
npeo6pasoBaHue, WK ONePaTop, NePeBOIAIUN BXOIHYIO MOCAeI0BATEILHOCTD (Cue-
naa) z[n] B BEIXOAHYIO MOCJAEIOBATEILHOCTD Y[n| (omxaur, nin peaxyuio cucmemvl),

YTO MOKHO 0003HAYUTDL KaK
y[n] = T{z[n]} (%)

1 u300paxkaTrhb rpadudecku, Kak IOKa3aHO Ha PHUC.

Puc. ['paduieckoe — T() —;
NpEJCTABIEHME AUCKPET-  y[p)] y[n]

HOU CHCTEMBI

Coornomenve (%) — 3ro0 IIPaBWIO, WM (POpPMYJIa, 10 KOTOPOMY BBIYUCAAIOTCSA
3HAYEHUS PeaKUMM CUCTEMBI Yepe3 OTCYeThl CUIHAJIA, ITOAaHHOI'O Ha €€ BXO,

OTCHET peaKlIHUu CUCTEMBI C UHIEKCOM N MOXKeT 3aBUCETH OT BCEX OTCUYETOB

BXOJHOIO CUTHaJIa Z[n).

Caegyiomue IpuMepbl 3HAKOMAT € HEKOTOPBIMHM IPOCTBHIME, HO HOJE3HBIMU
CHUCTEMaMH.



JNCKPETHBIE CUCTEMDbI

U peanpbHas cucTeMa 3ajepkKKHA

U neansuas cucrema 3agepxkku (MC3) onpegenserca mo ¢popmy.ae
y[n] = z[n —ng}, —oo<n < oo, (%%)

rae ng — (PUKCHPOBAHHOE HATYPAJILHOE YMUCJI0, HA3BIBAEMOE 3adepickoti cucTeMul. UHpIMH
caopamu, UC3 caBuraeT BXOAHYIO MOCAEI0BATEILHOCTD BIIPABO Ha Mg 0Tc4eToB. Ecau B dop-
Myae (%% ) B3ATH B Ka4ecTBe Ny GUKCHPOBAHHOE OTPHUIATEILHOE HEI0e YUCI0, TO CHCTEMA
6yJeT CABUraTh BXOJAHYIO MOCIEJOBATEILHOCTH BIEBO HA |[N4| OTCYETOB, YTO COOTBETCTBYET
OIEePEeXEeHUK) BPEMEHMU.

Ckoubasmee cpegHee

Oﬁmaﬂ CHUCTEeMa CKOJB3ALIELT O CpE,{[HeFD HMeEeT BHUA.
My

1 1
n| = zln— k| = X
yln M1+M2+1k:;a,1 [ ) M, + M, +1

X (z[n+ M) +zn+M =1+ +z[n]+ - +2[n - M)).

Ona BBHIMMCIAET N-M OTCYET BXOJHOHM IMOCJIEJOBATEIBHOCTH KaK CpegHee apudpMeTHdecKoe
(M; + M2 4 1) oTC4eT0B BXOJHOM, PACMOJOXKEHHBIX BOKPYT N-T'0.



CucremMnl 6e3 3allOMMHAHUA

Cucremy, n-d OTCYeT Y[n| peakuuu KOTOPOM NPH KaXAOM 7. 3aBHCUT TOJBKO OT
OIHOI0O OTCYeTa (C TEeM 3Ke CAaMBEIM MHIEKCOM 1) BXOAHOrO CUTHAJIA I[n|, HA3BIBAIOT
cucmemotli 6€3 3aNOMUHAHUA.

[IpuMepoM MOXeT CIYXMTL CUCTEMa, B KOTOpoM  y[n] = (:t:['n])2 v n.

JInHenHbIe CUCTEMBI

Kaacc aunetinbiz cucmem onpenenseTcsa No NpUHUUNY cyneprosunuu. Ecmm y,(n| u
y2|n] — OTKIMKM CHCTEMBI Ha CUTHAIHI 21 [n| 1 Z2[n], TO cucTemy Ha3BIBAIOT auHelinol
TOrJa ¥ TOJBLKO TOrJa, KOr'Ia

T{z1[n] + z2[n|} = T{z1[n|} + T{x2[n|} u T{az[n]} =aT{z[n]},

rae a — NMPOU3BOJbHAA KOHCTaHTa. IlepBoe n3 cBOMCTB Ha3LIBAlOT addumusnocmoio,
a BTOpoe — odnopodrnocmovio. Oba CBOMCTBA MOXHO 3aIMcaThb OJHOU (DOPMYJIOHN MO

PR P T {ag[n) + bea[n]} = aT{z1[n]} + bT{z2n]},

rae a 1 b — npom3BoJAbHBIE KOHCTAHTHL. [locienHee cooTHOMEHrE MOXKeT ObITh
NepenucaHo IIA HeCKOJIbKUX CUTHAJOB, & UMEHHO

ecJIn :L'[n} — Z ﬂkiﬂk[ﬂ], To y[n] = Z“kyk [”’]?
k

k
rae yi[n| — peakuus cucTeMbl Ha TIOJAHHLIA CUTHAJ T [n).



JNCKPETHBIE CUCTEMDbI

CymMmmaTop

T

Cucrema, onpejensemMan ypasHenueMm Y[n| = Z z[k],
k=—o00

HA3LIBAETCA CYMMAIMOPOM, TIOCKOILKY 3HAYEHUE €€ PeaKIMd B MOMEHT BPEMEHH 71l PABHO
CyMMe BCeX HPEeIbIIyIIMX OTCYETOB BXOMHOM MOCAEIOBATEILHOCTU BILIOTH 10 N-ro. dTo-
6B MOKA3aTh JMHEMHOCTH CyMMaTOpa, HaM He06X0aUMO MOKa3aTh, YTO OH YJOBJIETBOPSET
NPUHIANY CYEPIO3UIMHA MPH JIOOBIX BXOAHLIX CAMHAJIAX, HE OrPAaHUYMUBAACH YACTHBIMM CIy-
yaamu. IlogaguM Ha BXOJ CyMMATOpa IBE MPOM3BOILHBLIE NMOCHEI0BATEILHOCTH T1[n|, z2[n]
U BBIYMCJIUM COOTBETCTBYIOIIME OTKJIUKM: n n

y1[n] = Z z1[k), y2(n| = Z z2[k].

k=—o0 k=-—o0

Eciu Teneprs Ha BXOA CyMMaTopa mojarhk cursalx ri[n| = axi[n| + bzra[n], To no npunuuny
CYNIePIO3NIMU BHE 3aBMCHMOCTH OT BBIOPAHHBIX KOHCTAHT @ M b MBI JOMXKHBI MOJYYUTEH

paBeHcTBO Y3[n| = ayi[n] + byz(n]. IIpoepum 370

T T

ya[n| = Z r3lk] = Z (azxi[n] + bzrz2[n]) = a Z zi[k] +b Z x2[k] = ayi[n] + byz[n].
k=—00

k=—o00 k=—oc k=—o0

HUrak, cyMMaTOp AEMCTBUTEJBHO YAOBJETBOPAET NPUHUMIY CYIEPHO3UIIAM, T.€. ABIACTCH
JIMHEeNHON CUCTEMOMN.



B obmen curyaunm n0Kas3aTh, UTO JaHHAS CUCTEMa HE ABJIAETCA JUHEMHOU (ecau
OHA W BIPaBAy HEJUMHEMHA), [Opasjgo Mmpoie, YeM 060CHOBATH €€ JUHEMHOCTH (ec-
J¥ OHA Bce-Taku JuHenHa). s 3TOro 1ocTaTovHO NMpeabABUTHL APy BXOIHBIX IO-
CJIeJOBATEJBHOCTEN M KOHCTAHT, AJA KOTOPLIX HAPYIIAETCA MPUHIMI CyNEPIO3UIIUM.

HesnnenHuas cucreMa

PaccmorpnMm cucremy w[n] = log,, |z[n]|
— I .

JTa cucreMa HermHenHa. [[1a qokasaTeabcTBa HAM AOCTATOYHO HAUTH OQUH KOHTPHOPUMED,
T. €. IAPy CUTHAJIOB, Ha KOTOPOHM HAPYIIA€TCA NPUHLUMI CYyHepHoO3WIMM. Bo3bpMeM cur-
Hamel zi[n] = 1 u x2[n] = 10. CoorBercrBylomme orkmumkn — wi[n] = 0 u wa[n] = 1.
Tpe6osanne 0fHOPOAHOCTH B IUHEUHLIX CUCTEMAX B JAHHOU CUTYAIIMM QUKTYET COOTHOIIE-
nre wa[n] = 10w [n], nockoasky z2[n] = 10z:[n]. O gHako y HAC 3TO HE BHIIOIHEHO. 3HAYUT,
ccTeéMa HEJIWHEHHA.

CrainuoHapHbIE CUCTEMBbI

K cmayuonaprvim OTHOCAT CUCTEMBI, 18 KOTOPHIX BPEMEHHOW CABUI (MM 3aJepikK-
Ka) BXOJHOU NOCIEA0BATEILHOCTY MHAYIMPYET COOTBETCTBYIOMMMU CABUL BBIXOIHON
nocjaegoBaTeJbHOCTH. Bojee GopMalbHO omnpejaejgeHue BeINIAAMT Tak. IlycTs auc-
KpeTHas cuctema onpegenera ¢popmysaon y[n] = T{z[n]}. OHa HasbiBaeTcs crauuo-
HapHOM, €M AJis1 TI000M BXOMHOM MOCIe0BATEILHOCTH Z[1] ¥ MPOU3BOJIBHOTO LEJIOT0
4UCIA N BBITOJHEHO cooTHowenue 1 {x[n—ngl} = y[n—ng]. CraumoHapHbIe cucTeMBI
MHOT'/IA €IIe HA3LIBAIOT CUCTEMAMM, UHEAPUGHIMHBIMY OMHOCUMEALHO CI8UL08.



JUCKPETHDBIE CUCTEMDbI

Caenymomuy npuMep 3HAKOMHUT C HECTAIMOHAPHOM CHCTEMOM.

KomMmnpeccop

Cucrema, onpeaeneHHas COOTHOIIEHUEM
y[n] = z[Mnl], —00 < n < 00,

rage M — HaTypalbHOe 4MCJIO, Ha3bIBAeTCA Yniomuumedem. BOIsHO TOBOPA, 3Ta CUCTEMA,
orbpaceiBaeTr M —1 u3 kaxapix M oTC4YeTOB BXOJHOM MOCIEJ0BATEILHOCTH, OCTABJIAA TOIb-
ko M-u. Ona, KOHEYHO, HECTAMOHAPHA, B Ue€M JerKO yOeauThCA, PACCMOTPEB PeaKImIo Y1 [n)
CHCTEeMBl Ha BXOAHOM CUrHAI Z1[n — ng|. Ecau 661 nama cucrema Gulia cTalMOHAPHA, TO BbI-
MOJIHAIOCH OBI paBeHCTBO ¥ ([n] = y[n — no]. Ograxo

yi[n] = o1 [Mn] = 2[Mn — no] # yln — no] = z[M(n — no)].

llpyron cnoco6 npoBePKM HECTAUMOHAPHOCTY CHCTEMBI COCTOUT B IPEABABICHUNA KOHTD-
npuMepa, T. €. BXOAHOU NMOCJIeA0BATEILHOCTH, Ha KOTOPOM HAPYIIAETCA YCIOBUE CTAIMOHAD-
noctu. [lycrs, nanpumep, M = 2, x[n] = é[n| u z1[n] = §[n —1]. Torga y[n] = §[Mn] = é[n],
Ho yi[n] = §[Mn — 1] = 0. CregoBarensno, yi[n] # y[n — 1], 4T0 DpOTUBOPEHUT yCIOBUIO
CTAIMOHAPHOCTH.



JUCKPETHDBIE CUCTEMDbI

IIpaBas u JieBasg pa3HOCTHBIE CHCTEMBbI

PaccmoTpuMm npasyio pa3nocmuyo cucTeMmy, ONpeaeseHHYIO 10 IPaBUILY
yln] = z[n + 1] - 2[n].

Ona He ABIAETCA JeTEPMUHUPOBAHHOM, TaK KAK KaXIBIA M3 YWIEHOB BBIXOJHOM IOCJEJ0Ba-
TEJBHOCTH C HOMEPOM T BBIMHMCIAETCA KakK Mo z[n|, Tak u no z[n + 1]. Hapymwenne gerep-
MMHMDOBAHHOCTH JErKO 3aMeTUTh, B3AB B KA4eCTBE BXOAHBIX NOCICJ0BATEILHOCTEH T1[n] =
= é[n — 1] m z2[n] = 0. CooTBercTBytoume oTkauku — yi[n] = d[n] — §[n — 1] n y2[n] = 0.
3amerumM, 4TO0 T1(n] = z2[n| npu n < 0. [ToaToMmy, Mo onpegereHuI0 JeTePMUHIDOBAHHOCTH,
JODKHO BBIOJHATHCA PAaBEHCTBO Yi[n| = y2[n] gua Bcex n < 0, koTopoe HapywmaeTca npu
n = 0. Urak, npeabaBuB KOHTPIPUMEP, MBI MMOKA3aJM, YTO MpaBas Pa3sHOCTHAA CHUCTEMA
HeJeTePMUHUPOBAHHAA.
Jesas pasnocmuas cucrema onpejemserca kak y[n| = z[n] — z[n — 1].

Kax aei 4/1eH BBIXOJHOM MOCAENOBATEILHOCTH 3TOM CHUCTEMBI 3aBUCHT OT H4IeHA C TeM ke
HOMEPOM BXOJHOU NOCIEJ0BATEISHOCTHA M OJHOI'O NPEALIAYIIEro. JHAYUT, OHA ABIAETCA Je-
TEePMHUHUAPOBAHHOM.



YCTONYHUBOCTD

ToBopAT, 4TO cucTeMa ycmotuuea, €Cau U TOJLKO €CIH €€ Peakiusa Ha JbO0U orpa-
HUYeHHBIN 110 aMILTATYJ€ CUCHAT OorpaHuyeHa. HamoMHUM, 94TO MOC/Ie 0BATEILHOCTD
r[n| HasLIBaeTCA 02panuvEHHOT, ECIM HAMJETCA TAKOEe KOHEYHOE MOJOKUTEIbHOE YH-
c1o B, 4TO

Vn lz[n]| € B; < .

TakuMm 06pa30oM, B YCTOMYUBOM CUCTEME IS KaXKJAOU OrPaHUYEHHOM BXOMTHOHM IOCJIe-
IOBATEIbHOCTH HaUJETCA TaKafd MOJOXKUTeNbHasA KOHCTaHTa By, 410

Vn ly[n]| < By < 0.

Ba:xHO 0CO3HATH, YTO CBOMCTBO, KOTOPOE MHEI 31eCh ONPEIeJUIN, — ITO CBOUCTBO
CHUCTEeMBI, & He BXOJIHBIX IOCJeI0BaTeIbHOCTEeN. MIHAYe roBOps, MBI BIIOJHE MOXEM
IpeabABATH Hapbl CUMHAJI — OTKJIMK, OO/agaiomue yka3aHHbeIM cBoucTBOM. Ho Haau-
4yye TaKux Map elle He O3HAa4aeT YCTOMYMBOCTH cucTeMhl. [JaHHasa cucreMa OygeT
YCTOMYMBA TOJLKO B TOM CJaydae, KOTJa 3TUM CBOMCTBOM 06JsagaioT ece maphel. Ha-
IIpUMep, MJIA HEYCTOMYMBOYM CUCTEMEI MBI MOXKE€M HAUTH pAJ O'PAaHUYEHHBIX CUT'HAJOB,
Ha KOTOpHIE HAIlla CHCTEMA JAaeT OrPAaHUYEHHBIE OTKJINKK, OJHAKO PE3yJIbTAT NpHUMe-
HEHUA YCTOMYMBOM CUCTEMBI K /10601 OrpaHUYEHHON BXOJHOM IMOCJIEIOBATEIHLHOCTH
no/keH OBITh orpaHudeHHBIM. [I03TOMY, KaK TONBKO HAM yAAJ0Ch HAMTHU XOTA OBI
OJIHY OrPaHUYEHHYIO IIOCJIEJ0BATEILHOCTh, OTKINK Ha KOTOPYIO 6y €T HeorpaHuieH-
HBIM, MOXHO C YBEPEHHOCTBIO 3aK/JIYNTh, YTO 2Ta CHCTEMa HEYCTOUIMBA.



JlnHelHbIe cTauMOHapHbIe cUCTEMBI

Ocoboe 3HaYeHNE UMEeT KJIACC CUCTEM, ABJIAIOIIMXCA OJHOBPDEMEHHO KaK JUHEUHBIMU,
TakK U cTaluoHapHbIMU. Hanuyume >TUX CBOUCTB MO3BOJAET NPEACTABUTL CUCTEMEI B
ynobuom Bujge. bosee Toro, OHM UrpaloT BEAYIIYIO POJb B MPUWIOKEHUAX 06paboTKU
curtaJjgoB. Kiacc JUHEHHEBIX cUCTeM OINpeIeaseTcsa ¢ MOMOIILIO IIPUHIINIIA CYIepIIO3U-

UM YpaBHEHUEM
£ T{az:[n] + be2[n]} = aT{z:1[n]} + T {z2[n]},
rae a u b — npom3BOJIbHBIE KOHCTAHTHL.

Y4uThHIBag CBOMCTBO JMHEMHOCTH U NpeJCTaBIeHUe OOler IOCaeJ0BATEeIbHOCTH
B BHJ€e JMHEMHOU KOMOMHAIMM CIBUHYTHIX HMILYJIbCOB 00

zfn) = Y x[k]é[n — k],

k=—oc

MOXXHO 3aMeTHUThb, YTO JUHENHAS CUCTEeMa IOJHOCTHIO OINpENeaseTCs CBOEU peaKIlu-
el Ha CABMHYTBIE MMIYJbCHBIE IOCIENOBATEILHOCTH. Bojee To4uHO, mycTh hi[n] —

peakius cucteMsl Ha d[n — k|. Torga coruacso 00
yinl =74 D <lkld[n — k]
ITo npuHIMIIY Cynepno3unuu k=—00
yln] = D <kIT{sln—kl} = 3 a[khs[n]
k=—00 k=—0o0

WUTak, MBI IOJMYYUIM, YTO peaKIusd JUHEHHOU CUCTEMBI Ha JIIOOYI0 BXOIAHYIO MOCIENO-
BATEJbHOCTDH BLIPAXKAETCA B TEPMUHAX OTKJIMKOB CHCTEMBI Ha, CUTHAJEI §[n — k).



JInHeHble cTaunOHapHble cUCTEMBI

oo o0
yin] = Y <kIT{6ln—kl} = > z[klhx[n]
k=—o00 k=—0x
UTak, MBI MONYYUIN, YTO PEAKIUA JUHEHHON CUCTEMEBI Ha JI06YI0 BXOJIHYIO MOCIEN0-
BATEJIbHOCTh BEIPDAXKAETCA B TEPMUHAX OTKJIMKOB CUCTEMBI Ha CUrHaJH §[n — k. Ecin
CHCTEMa, BCErO JHUIIb JUHEHHA, TO OTCYEeTHI hy[n] 3aBUCAT Kak OT k, Tak ¥ OT N.

O HAKO MOXHO TOJNYYUTH GoJIee MONE3HEIM Pe3yIbTaT, €C/IM K CBOUCTBY JUHEHMHOCTHU
106aBUThH YCJIOBHE CTAIMOHAPHOCTH.

CBOUCTBO CTAIMOHAPHOCTH BJEYET, YTO eciu h[n] — peakuusa cucremnr Ha [n]
(HasbIBaEMasg UMNYAbCHOU TAPAKMEPUCTMUKOU CACTEMEI), TO €e PeaKuusd Ha CUIHAJI
d[n—k] paBHa h[n—k|. Onupasace Ha >TOT (haKT, ypaBHEHHE MOXHO IepenucaTb

B BUAe y[n] = Z cklh[n — k). (*)

k=—0oc0

Kaxk ciiencTeue 5T0o# (hOPMYJIEL, OTMETHM, YTO JUHENHAsA cTanuoHapHaa cucTema (JIC-
CUCTeMa) MMOJHOCTHIO ONpeAelseTcs CBOEH UMIYIbCHOM XapaKTepucTUkon h(n] B Tom
CMBICJIE, YTO NPHU M3BECTHOM MOCJEJOBATENbHOCTH h[n|, omMpasck Ha (%), MOXHO
BBIYUCIUTEL OTKIUK Y[n| HA 40601 n0ogaHHBIN curHaml r[n).

!

Ecin oTc4eThI MOCIe10BATEIBHOCTH Y[N| 3aBUCAT OT oTc4eTOB h[n] 1 z[n] mo mpa-
By (*), TO HOCIeNOBATEILHOCThL ¥Y[n| HA3bIBAIOT (IUCKPETHOH) ce8epmkotl mocie-

nosaTelbHOCTeH h[n| u z[n] u ynorpebusioT 0603HaMECHNUE: y[n] = z[n] * h[n)].



JTnHeRHble cTauMOHapHblE CUCTEMBI

yln) = ) zlkhln —k].  (*)

k=—o0

y[n] = z[n] * hn].

Onepanus UCKPETHOM CBEPTKM CTPOUT MOCJIELOBATEIBLHOCTD Y[n] MO ABYM HAHHBIM
nociefoBaTeabHOCTAM z[n| u h[n]. YpaBuenue (*) BhIpaxkaeT Kaxabll OTCYET BhI-
X0 JHOM HOCJIeJOBATEIbHOCTH Yepe3 BCE OTCUEThl BXO JHOM MOC/eJ0BATEIbHOCTH U M-
MyJbCHYIO XapaKTePUCTHKY.

Popmyiaa (*) HaBOAUT HA MBICJIb, YTO OTCYET BXOAHOU MOCJICAOBATEILHOCTH C
HOMepoM n = k, IpeacTaBlIeHHbIN Kak Z[k|d[n—k|, npeobpasyeTcs cucTeMon B BBIXO/I-
HYIO0 TIOCJIeN0BAaTeIbHOCTD T[k|h[n — k] nis —oo < n < 0o, 1 9TO A1s KaxA0ro k 5Tu
II0CJEeJOBATENBHOCTY KOMOMHUPYIOTCA 1A (GOpMUPOBAHUA aOCOJMIOTHO BCEX BHIXOI-
HEIX II0C/IeJ0BATeIbHOCTEN. DTAa HHTeprnpeTauus WIIIOCTPUPYeTCA pHC. ,TAe TOKa-
3aHa UMIIYJbCHAA XapaKTepUCTHUKa, IPOCTasd BXOJHAA MOCJeI0BATEIbHOCTD C TPeMd
HEHYJEeBBIMU OTCYeTAMMU, WHAUMBUIYAIbHBEIC OTBETHI Ha KaXXIbIM TaKOM OTCUET U UX
KOMOUHAINA, Jal0mas OTKINK CUCTeMbl. Boslee KOHKpeTHO, z[n] MOXHO npeacTaBUTh
B BIJI€ CYMMBI Tpex nociaenosaTenbHocTen z[—2]8[n + 2], z[0]6[n] u z[3]d[n — 3], npea-
CTABIAKIINX TPU HEHYJEBBIX OTCYETa MociaenoBaTenbHOCTH Z[n]. IlociaenoBaTensHO-
ctu z[—2]h[n + 2], z[0]h[n] u z[3]h[n — 3] — OTKIMKYU cUCTEMBI HA BXOJHBLIE CUTHAILI
z[—2]6[n + 2], £[0]8[n] u z[3]d[n — 3] cooTBeTCTBeHHO. [ToCie 3TOrO peakus CUCTEMBI
Ha CUTHAJ Z[n] moay4YaeTcs B BUAE CYMMBI DTUX MHIUBUIYAIbHBIX OTKIMKOB.



xg[n] = x[0]8[n] yoln] = x[0]A[n]
0 n ] n

Puc. [Ipegcrapienne BXOAHON MOCJAEN0BATENLHOCTH JUHEWHOR CTAIMOHADHOM CUCTEMEI B
BHA€ CYNEPNO3UIHKH OTBETOB HA MHIWBHIYAIbHBIE OTCHETEH



x3[n] = x[3]8[n - 3] yaln] = x[3}h[n - 3]

3 — 3
' 0 n 0 I l n
 2{n) = x3[n) + xoln] + ] 1 st =2l + yoln + ysln]
[ L J
——— . — 3 —8 —a—a—b I I
2 0 n 0 I | n
¢ ¢

Puc. [Ipencrasienue BXOAHON MOCTEJ0BATEILHOCTH JHHEHHON CTAIMOHAPHOM CHCTEMHl B
BH /€ CYNEpPNO3ullMK OTBETOB HA WHIMBHIYAIBHEIE OTCYETEI



JUCKPETHDBIE CUCTEMDbI

HD,-‘_'[XD,-‘_'[ K oIiepanini CBEPTKH €0 CTOPOHBI BEXOTHOT'0 CHI'HAJIA

Ha PHCYHEE ITOKA3 aH IMPHMER BRITIOJNHECHITA OITEP Al CBEPTK . BXD,I[HOFI CHI'HaJl .T[ H] . Lo CTGHIJ.[I-“]I‘-:I 113 9 OTCUETOB,

TOCTYIIAeT Ha BXOJ CHCTeMBI, HMITYJIbCHAA Xapak- x[n] h[n] y[n]
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- : ™ [ v il
B B . - .... * .......é.. i O W : -l.
B pesyneTaTe ToONy4yaeTcsi BHIXOJHOII CHIHAT BESRERRRY SEL e B B
v[n], cocToamumims 9+ 4 —1=12 oTcueToB. S EEsemes 411 T
DTOT PHCYHOK —oTo0pakaeT —mmogxom K ‘ ;
OMePALIH CBEPTKA CO CTOPOHBI BXOZHOTO CHIHAma | i i i il i i ]
L ORREREdeepeeg gl AR e
TE. z TVal 30 — 0 ’ B T I R LT adeadaads -]—.. , .. .. taasaanaag
(Te. KOHIIENTyaNbHOTO —TIONX0TIA) BOWOR il T
2o b G | 29
CHTHAN pacKafblBaeTcAd Ha HMITyNbCHEIE COCTaB- 7T i1t tiirin5. “titiit
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TIMOJIYY €HITA BRIXOOHOTO CHI'HAIa.
Moaxod K onepaunik CEepTKa CO CTOPOHbI BXOAHOMO CWrHana



JUCKPETHDBIE CUCTEMDbI

Ha PHCVHEE ITOKasaH ITPHME]PD BXOITHOTC CIITHAlIA, COCTOAIIETO I3 4 orcueToR, H IH\-ﬂT}’J]LGHOﬁ
XAPaKTCPICTHRIT CHCTEMEL, COCTOAIE I3 9 OTCUeTOR I[T.'E-‘.. ABa 3TIIX CITHalIa ITOMCHATIICH

MECTaMIT, IO CPAaBHEHITHO C

x[n] h[n] y[n]
npeeIavIm mprvepon). Ho pexon- ° g | o
. ;- ...... L..: an il : .
HOHM CHITHal ITOTMHOCTREKY COBITATAeT ¢ . e * O - - — om.ooo.m A
'.--: |.—. : . feom W ... ......
BEIXOTHEIM CHIHAIOM, ITOTIVUCHHEIM B 2 2peed b Mt diab ab ot ab ot Shat
} | 4 f E 8 10 11
MPETBIIVIIEM ITPIIMEPE.
BTopow npuMep onepav BepT
DT0 TOBOPIIT 00 OOHOM BaXHOM CBOICTIBe OIepanIi CEBEPIKII — MMepeCTaHOBKH IJIH

KOMMYTAaTHBHOCTH (commutative):

x|nlxhn]=h{n]*x[n].

C MaTeMaTH4ieCKOIl TOUKI 3PEHITA HE BAAHO, KaKOIT IT3 CHITHAJIOB ABJIAeTCA BXOTHEIM, a KAaKOIT
— I]Iu-ﬂ'[}’J]LCHOﬁ KHPHRI'EPIIGTIEDTI. Baxxo, uro Had OIBVMA CHIHAIAMH BBEOIOIIHACTCA OIICPALITA
CEBCPTRI. ;[T[E[ pPeallbHEIX CIICTEM STIT JBA SHAYCHITA PAasITUHEL IT HMMCHOT pﬂ?I—[E:]ﬁ {l}II?IlTIECIﬂ[ﬁ

CMBEICII, d IIC‘-]'[DJ]L?}’E‘I\{B]]T MaTeMaTIue CKIIT aIomapar IOSEOIACT ITOIIVIHTE EEPI—[B]:FI PESVIIETAT.



JUCKPETHDBIE CUCTEMDbI

BT'D]]Dﬁ IMoaxoda K orepaunin CBepPpTRKH

[IepREOl IMOOXOX K OIEpPaljol CcBepIKa OTpakaeT, KAk
00pa3zoM KaATBOl OTCUET &YoOH020 CUCHANA CO3JaeT HeCKOIBKO
OTCUETOR BBIXOJHOIO CHIHaATa. BTopoll Iogxod oOTpakaer, I3
KAKIIX COCTABILIIOINILIY OTCUETOB BXOJHOTO CHTHATA COCTOHT
KAKIBOL OTCUET 8uIX00HO20 cusHana. TAaKoIl TMOTXOT IIpeIoIaraet
pEIIleHIIe VPARHEHIIA CIeIVIOLIETO BIAA: v[n| = xoumburnayus
HEKONOPvIX HepeMeHHbIX. DTO 03HAUAET, UTO N-0TCUET BRIXOTHOTO
CITHaTa OIpeJendercd Kak KOMOHHAIA HEKOTOPOIO KOIIHUeCTEA
OTCYETOB BXOJHOIO CHIHATA MW HMITVIIBCHOI XapakTepICTHE
crcTeMsl. JlaHHBOT ITOAXOM, ITO3BONAET OIPeIelIITh 3HAUeHIe
OTHeNIBHOTO OTCYeTa BHXOJHOTO CHIHalTa He3aBHCHMO OT
OCTATBHBIX OTCUETOB.

Ha pHCVHEKe MOKa3aH CIocod IMONMVUeHId 3HAUeHId OTHOTO
OTCYETA BRIXOMHOTO CHTHANA 10 HEKOTOPOMY KOIITUECTBY OTCUETOR
BXOJHOTO CITHama (. v[6] ).

v[6]=x[3]A[3 ]+ x[4]h[2]+x[5]h[1]+x[6]A]0].

h[n] Eié;f E —

| (lipped) |1
 mmme. "_"":_""
. 5
Lo " n
n 0 SN DR N |
yln] cmoim. aia

o1 2 3 4 3 6 7 8 % 1010

CEepTOYHAA MaLWKWHA



JUCKPETHDBIE CUCTEMDbI

[TokasaHHAsd cCXeMa PBEIUNCTIEHIII CREPTKIH HA3ZEIBAETCA
CBepTOUHOH MaumiHoii (convolution machine). CeeprounHas
MallliHa ~ o0O3HAueHa  INTPHXOBOI  TOIHIET T MOKeT
TepeBHTaThCA BIIPABO M BIEBO, TO3BOILLA BEIUNCTATE 3HAUEHITT
KasKT0T0 0TCUeTa BRIXOMHOTO CHIHama. JTId Moy ueH s SHaue I
BEIXOJHOTO OTCUeTa, HECKOTLKO OTCUETOR BXOTHOTO CHTHATA
TIEPEMHOKAIOTCA ¢ COOTBETCTRVIOINIIMH 3HAUEHILIMIT HIMITYIIEC-
HOTT XapaKTepHCTHKIL a 3aTeM CKIaJbBal0TCH.

PacImomoxeHIiT  OTCUETOR IMITYTIBCHOI — XapaKTepHCTHKI
BHYTPH CBE€PTOUHOI MAIIIHEL OUeHE BasKHO. OTCUETEI HMITYIIEC-
HOIT XapaKTEPHCTHKIL DACHOTONCeHb 3ePKATbHO, T.€. MIATIIIT
OTCUeT pacIiolaraeTcs CIpapa, a HapacTaHIe HOMEPOB OTCUETOB
TIPONCXOTHT BIeRo. T.e. KaKILOT OTCUeT BEIXOTHOTO CHTHAIA
COCTONT M3 HECKOILKIX OTCUEeTOB BXOTHOIO  CHIHAIA,
B3BEIIEHHEIX C  3ePKATbHO  OMPAXCeHHBIMI  OTCUETaMI

HMITYITECHOIT XapaKTePHCTHKIL

Chin] eyt
. (lipped) |1

1

-

CEEPTD‘-IHHFI MallkHa



JUCKPETHDBIE CUCTEMDbI

e lITT] IREEIERAR CIeVIOINIOT PHCVHOK OTOOpakaeT TIPHMEp
J{Ell] -I- .I# X.ll'll 1 [ :-IL
I naes N EstEasas MOTYUEHId 3HAYEHIIT OTCUETOR I HEeKOTOPHIX

TOUCK BEIXOTHOTO CITHATA.

hin] ;._.

¥ v ! v ¥

hin] ...—i

' (Mipped)

W T
s

¥
-

RSO

HDH}I'HEHHE FHAYEHWA OTCYHETOE

BblXOOHOTD CHMrHana

i N E
. h[n] L T L
' (ipped) |0 :

¢. Set w calculate v[8]

ra

Y P
bl ol
L (Mipped) 0] . ;

d. Set to calculate y[11]



JUCKPETHDBIE CUCTEMDbI

CBoMcTBa NIMHENHBIX CTALMOHAPHbIX CUCTEM

[Tockoabky JMHEHHBIC CTAIMOHAPHBIE CUCTEMBI ONMUCHLIBAIOTCA CBEPTKOH , CBOU-
CTBa 3TOr'0 KJacca CUCTEM ONpeNesioTCs CBOMCTBaMU JUCKpeTHOM cBepTkH. Cieno-
BATEIbHO, UMIIYJbCHAsA XapPaKTEPUCTUKA KOHKPETHOMU CUCTEMBI CONEPXKUT BCIO IIOJI-
HOTY MH(pOopMaInu.
HekoToprie ob6mue cBOMCTBA KJacCa JUHEMHBIX CTAIMOHAPHBIX CUCTEM MOXKHO 006-
HApYXKUTh, U3ydas CBOMCTBA omnepamnum cBepTku. Hampumep, cBepTka — KOMMYyTa-
TUBHasA ONMEpaIm:

z[n] * h[n] = h[n] * z[n].

KoMMyTaTUBHOCTE MOXKHO JOKAa3aTh, OCYLIECTBUB 3aMEHY mapaMeTpa CyMMHUPO-

y[n] = _Z z[n — mlh[m] = Z h[m]z[n — m] = h[n] x z[n],

N HEIME cIOBaMU, OTKJIUK CACTEMBI Ha CUCHAJ T[n] Py MMITYJIbCHOU XapaKTEePUCTUKE

h[n] 6yner Tem xe, YTO U peakuus Ha cur"as h[n| mpu UMMyJIbCHOR
XapaxTepUCTHUKe I[n).

CBepTKa yIOBJETBOPSET CBOUCTBY AUCTPUOYTUBHOCTH OTHOCHUTEIBHO CJOXKEHHS,

8- ANERHO :E[n,] * (hl[ﬂ] 4 hg[ﬂ]) = m[n] * hl [n‘] i m[n] % hg[ﬂ]




JUCKPETHDBIE CUCTEMDbI

CROTiCTBO AMCTPHOVIHBHOCTH OIMICHIBAeT (PVHKIHOHMPOBAHIIE HAPATICTbHBIY
CLCTIEM C CYMMAINOPOM Hd 6bIX00e. DTO CBOIICTBO ITO3BOIIIET 3aMeHHTE HeCKOJBKO
MapaiellbHO BKIIFOUEHHBIX ITOICHCTEM OTHOI  cHcTeMoi ¢ HMITVIBCHOIT
XapaKTepHCTHKOI, COOTBETCTBVIONIeIl CyMMe HMITVIIECHEIX XapaKTePHCTHK BCeX

ITOOCTICTEM.

CpolicTBO ACCONMATHEHOCTH IJIH COUETATC/IBEHOCTH BEINTEAOIT TAK.

\x[n]x by n] by n)=x[n)x by n]xh, 7).

CBOIICTBO COYETATENBHO CTH HCIIONB3Y €TCA TTPH OIINCAHHIL KACKAOHO20 CHOCODA
coedlHeH1ia BHYTPH CHCTeMEL J[Be IIOICHCTEMBI COEIMHAIOTCA KACKAZOM, €CTIl
BEIXOJ] OFHOII ITOJCHCTEMEI SBIIAeTCA BXOMOM [PYIOil ITOJCHCTEMEL Ilopamok
KaCKAIPOBAHIIA He BIILIET Ha BEIXOGHOII crrHan. JIro0oe KOMIuecTBO ITOICHCTEM
MOKET OBITH 3aMeHEHO OJHOIl CHCTEMOIl, eclH eé HMIIYILCHAA XapaKTepHCTIHKA

IMpeCTABIACT CECPTRY HMITVIIECHEIX XAPARKTEPIICTIIK BCCX ITOTCIICTEM.



JNCKPETHBIE CUCTEMbI

[Tpu xackadnom coedunenuu (MOCIETOBATENIBLHOM) CUCTEM PEAKIIUA IIEPBON CUCTE-
MBI TIOJA€TCA Ha BXOJ BTOPOM, OTKJIMK BTOPOM — HA BXOH TpeThbe:n M T. 1. OTkiuk
IOCJEJHEN CUCTEMBI CJAYXKUT peaklHMen BCEH IENOYKM cucTeM. /[Be JIMHEeWHBIE CTa-
IIMOHAPHBIE CUCTEMBI, MOJKIIOYEeHHbIE MOCAEJOBATEIBHO, 06Pa3yI0T OJHY JUHEHNHYIO
CTAIIMOHAPHYIO CUCTEMY, Ybsl MMNYJIbCHAA XapaKTEPUCTUKA COBIALAET CO CBEPTKOU
MMIYJbCHBIX XapaKTEPUCTUK 00€uX CUCTEM, YTO WLIIOCTpuUpyeT puc. Ha Bepx-
HeM OJIOKe uarpaMM PUCYHKa peakuus epBoM cucTeMbl Ha z[n] = d[n]| paBHa hy[n].
[TosToMy BBIXOAHAA MOCJAEJOBATEILHOCTh U3 BTOPOU CUCTEMBI (M, MO ONpENeJeHuIO,
VMMIIyJIbCHAsA XapaKTEepUCTUKA KACKala CUCTEM) JOKHA ObITh pPABHA

h[n] = hi[n] * ha[n].

F
r

Puc. Tpu nuHeWHBIX CTAUMOHAPHBLIX CUCTEMBLI C OJHOM M TOM XK€ UMIYJILCHOU XapakTe-
PUCTHKOM

hy[n] S x[n] hy[n] hy[n] hn]*hy [n] ==

y[n] x[n] y[n]

Kak cieacTBue KOMMYTATUBHOCTUA CBEPTKY UMIYJbCHAA XapaKTEPUCTUKA KACKa-
1a JUHEMHBLIX CTAIIMOHAPDHBIX CHCTEM HE 3aBUCHUT OT MOPAJKA, B KOTOPOM OHU IIOJ-
KJII0YalOTCA APYT K APYrY. OTOT (paKT OTPaXKEH HA PUC. , A€ TPU CUCTEMBI UMe-
I0T OJHY U TY K€ UMITYJbCHYIO XapaKTEePUCTUKY.



JMNCKPETHBIE CUCTEMbI

[Tpu napaaseavrom coedunenuu cuc TEMBI UMEIOT OOIMYM BXOT,
a X BbIXOJIHKIE MOCJEI0OBATEIbHOCTH CKJIANBIBAIOTCA U 1AI0T

peaxImio BCero coeau HeHus.
Kaxk caegyer 3 qucTpuby TUBHOCTH CBEPTKH, NapasLIeIbHOE

COeINHEHUE JABYX JUHENHBIX CTAIMOHAPHBIX CUCTEM MOMXKHO
3aMEHUTH OJHOM JMHENHOMN CTAIMMOHAPHOU CUCTEMOU, b

MMIOYJbCHAsA XapaKTepPUCTHKA paBHA CyMMe XapaKTEepHUCTHK

KOMIIOHEHT coeguHenus (puc. ), T.e. h[n] = h;[n] + ha[n].

a) 6)
—{ h[n]

xn] e I L2 ) ] ey
sl h ]

Puc. a) napamnenbHoe cCoeIuHEHHME JMHEUHBIX
CTAIMOHAPHBIX CUCTEM; 6) CHUCTeMa, JKBUBAJCHTHAA
cucreme a)



®U3NYECKAS PEAJIM3YEMOCTD JJUHENHBIX JUCKPETHBIX CUCTEM

JIiHeiHaA cTalloHapHaA cHcTeMa (PH3IHUYeCKH peaslH3yeMa, €c/I BeMHYHHA OTKIHKA TIPH  72=F7;  3aBHCHT
TOJIBKO OT OTCUETOB BXOZHOI IMOCIeN0BaTeNbHOCTH ¢ HOMepaMi 72 <71;. A MHHEMHBIX CTALHOHAPHBIX CHCTEM 3TO
O3HAYAET, YTO HMITY/IbCHAA XapaKTepHCTHKA /i [n] paBHa Hymwo ripH 720

HekoTopble CHCTEMBI, HMEITHe GOTBITOE TeOpeTHYe CKoe 3HAUeHHE, (PI3HYE CKH HepeansyeMbl. K HHM OTHO CATCA
HeanbHBIH GHIBTP HIDKHHX YacTOT H HAeanbHbI gupdeperiiaTop. TTosToMy 3HAUHTENbHAA YacTh TEOpHH (HIBTPOR
MO CBANEHA METOAM arrpOKCHMALTHH (PI3HYe CKH Hep €amI3yeMBbIX CHCTEM pea3yeMbIMH CHCTEMAMIL

JiHelHaA CTalHOHAPpHAA CHCTEMA }’CTDﬁ‘II{B“L CCII TIPH MO0l OF]JFIHI-I‘IEHHOﬁ BXO,I[HOﬁ Mo cIcqoBaTEIBHO CTH
BBRIXOOHAA TT0 CIIETOBATCIIBHO CTh TakKoKe OTpaHMYEHa. HEO@XDI[I']I\.IBIM H J0CTaTOYHBIM YV CITOBHEM }-’C'T‘Oﬁ‘II-IBDC'TI-I CHCTCMBI

ABIACTCA CIEOVIOITCE 'T]JEﬁOBﬂ]‘]I'IE K IMITYIIb CHOII XapPaKTCPHICTHRE! Zﬁ | If
[ n]|<o

(1)

H=—0a0

Ha prc. npuBegeHbl IIpHMEpPbl HMITYJIbCHBIX XapaKTEePHCTHK VCTOMYHBOI H HEYCTOIMUHBOIM cHcTeM. IIMITyNIbcHAA

H . -
XapaKTepHCTHKA, MPHBENeHHad Ha pHC. ¢, HMeeT BHy /1| 1n]=c H_y (7], mpauem 0 < o < 1, mostomy yenosue (1)
VIOBMETBOPAETCA H CHCTEMA YCToI4HBa. BeIpakeHHe A4 HMITY/IbCHOI XapaKTEPHCTHKH, TIpeCTABIEHHO Ha pHC. &,

mnieeT TOT Ke BHIO, HO @@ = 1. IMO3TOMY YVCIIOBHE (1) HEC BRITIOJHACTCA 1 CHCTEMaA HE}"C'T‘Oﬁ‘II'IB a.

h(n) h(n) 6

(Ittererer sepepifidl] :

Puc. [Mpumepbl MMNYNBCHLIX XaPaKTEPHCTHE CUCTEM.  YCTORYWBOR — &) M HeYCTORYMBON — O)




OOPMbI IIPE/ICTABJIEHUSA
JETEPMUHHUPOBAHHDBIX CUT'HAJIOB

Momem1 ciurHanor B BrAe (PyHKINII BpeMeHII IIpeIHazHaAYeHEl, B IePBYIO Odepelb,
g aHamsa popMel crrHamor. [Ipn perreHIm 3agad IPOXOAIEHII CUTHATOR CIOKHOI
(popMEIL Tepes KakIe-mOoyCTPolicTBa Takasd MOJeTb CUTHANA TacTo He COBCeM YA0OHaA I1

He ITO3BOIACT ITOHATE CYTh IIPOIICXOIAIILIIX B }-"CT]JDﬁCTB?C{ ElJIBII[IE?CKI]Z{ ITPOLHECCOB.

[TosToMy CHTHAMTHI TIPeCTaBIAIOT HaOOPOM »IeMeHTApPHBIX (Oa3MCHBIX) (pYHKITIIL
B KauecTBe KOTOPBIX HaIlOONee TacTO IICMONB3VIOT OpPTOTOHATBHBIE TapMOHITIECKITe
(CHHycOIIaNbHBEIE I KOCIHHYCOIAANbHEE ) (PYHKITIL. BRIOOp IIMEHHO TaKIX (PyHKITNT
OOYCIIOBIIEH TeM, ITO OHI JBIIIOTCA, ¢ MaTeMaTITde CKOH TOUKI 3PEeHILI, COOCTBEHHBIMIT
(PYHKIMIIMIT ITTHBAPIAHTHBEIX BO BpeMeHI IIHEITHBIX CIICTeM (CIICTeM, ITapaMeTphI
KOTOPBIX He 3aBICAT OT BPEMEHII), T.e. He IIMeHTOT CBOeil (POPMBI IOCTIe IIPOXOAKIEHILT
Tepes STH CHCTeMBL B pesympTare cHrHAT MOKeT OBITH IIPEICTaBIeH MHOKECTBOM
aMIUmITy, (paz II  TacTOT TAPMOHITIECKIX (PYHKITIL, COBOKYITHOCTH KOTOPBIX

HA3PIBACTCA CIICKTPOM CIII HAJIA.



OOPMbI IIPE/ICTABJIEHUSA
JETEPMUHHUPOBAHHDBIX CUT'HAJIOB

Takmm  oOpazoM, CYIIECTBYIOT JABe (DOPMBI IPeACTABIEHIII  IIPOI3BONLHOTO
JeTePMITHIPOBAHHOTO CHTHANA, BpPeMeHHOe II IACTOTHoe (cmeKTpaibHoe). [leppas
opmMa mpemcTaBNEHIII OCHOBAaHA HA MaTeMAaTIMUecKOll MOUemI CITHAala B BIIIe
(pyHKIIII BpemeHIt X(t), BTopasd — Ha MaTeMaTITde CKOI MOIe I CHTHANA B BIe (pyHKITIIT
TacTOTHI (=27 f, TpIMeM 5Ta MOIelb CYIIeCTByeT TOMBKO B OOMacTI
KOMITTeKCHBIX (pyEKImt X ( j@ )

O0e QopMBI TpeAcTaBRNeHIII CHTHATa CBI3aHBI MeXAy coOoil  mapoil

oo

npeoopasopaniii Oypee:

X(jw)= f x(t)e 7 dt; (3)
Fo l K. - . Jwt )
x(t)==— [ X(jow)’ " do. (4)

2T %



OOPMbI IIPE/ICTABJIEHUSA
JETEPMUHHUPOBAHHDBIX CUT'HAJIOB

Obe QopMBI TIpeACTAaBIEHNMI CHTHATa CBI3aHBL  MeXKOYy coOoil  mapoii

o

X(jo)= j x(t)e " dt; (3)

npeocdpazoBaHIii Dypre:

j Y(jw)e'"dw. (4

HIJII IICITOINBZ30OBAHITIT  JTOTHCITHOII YdCTOTHBI f :L IIPeo0Pa30BaHITA '[I:'}-"pbﬁ‘-
T

IIMECHOT CHG,I[}"IDI_T_[I]I‘?[ BILI . e { } f } _ f X ( r-}g—jl.'r it dr . (:})

—l:,lr_:l

oo

()= x(j2n ) ar. ©

—
N3 popmy (3)-(6) crnegyeT, aTo MoOOIT CIOKHBIN TTEPHOIITIE CKITIT CITHAT MOKEeT
OBITE TIPeCTABIIEH B BIIJIe CYMMBI TapPMOHITIE CKITX KOTeOaHIIT ¢ TacTOTaMU, KPaTHBIMIT

OCHOBHOII TacTOTe.



OOPMbI IIPE/ICTABJIEHUSA
JETEPMUHHUPOBAHHDBIX CUT'HAJIOB

HpIIMEp. B}JE‘-M CHHOC IIPCACTABJICHIIC TdpPpMOHITICCKOI'O  CII HdAlld IIMeCT

CIeqYIOIIIII BT X (#)=s1n| Mol + @, J,

ILTIT
| -~ \

Foo - . '4--' . ) . - . L;T I
x(t)=X_ sin(27 fot+q@,)=X, sin 1+ g )

/

,Z[JIH IPEOCTABJICHILI TaKOI'O CIIIHAJJA B TACTOTHOIT 0OIacTII JOCTATOYHO 3ad4Th JABC

-
. JT
(PYHKITII TacTOTHI, MOKA3BIBAIOIIE, UTO HA dacToTe (,=27 [ ,= bl aMIUDTTyNa

CITHaTa papHa .\, a HadalbHad (asa papHa @'

i ¥

X

xlo )=, " plo)=)"

0, ®#w,; ] 0, @Fw,.

3aBUCIMOCTL X ( () Ha3BIBaeTCId aMIUINTYIHBIM CIIEKTPOM, 3aBHCHMOCTE @ @) —

El)ﬂ'?mOBBIhI CIICKTPOM, a ITX COBOKVIIHOCTB — IIPOCTO CIICKTPOM CIIT Hdalla.



OOPMbI IIPE/ICTABJIEHUSA
JETEPMUHHUPOBAHHDBIX CUT'HAJIOB

i

X, x(w)
1 o hf,m:m
x(w)="" .
1L A——— ) W i V. 0#0,;
f

>hle

? >
q'{} lf-'.).[} i,
x(t)=smlo,t+q¢,) R
o plw) p
W, S
@,

ol lw)
|u 0 #0),.

@y
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