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1.Metonnueckoe nucbmo. Cojiep:KaHne KypcoBOM pabOThl U pEKOMEHIALUU 110
€€ BBIMOJIHEHUIO

Marepuan KypcoBoil paboThl OXBaThIBaeT JiBa BaXKHBIX pazzena Kypca «{udposas odpadorka
CUTHaAJIOB»:

» JluckpeTu3zanus HENPEPbIBHBIX CUTHAJIOB,

* [ludpoBsie GrIbTPHL.

[lo nepBomy paszaeny BoinosiHsgeTcs 3aganue Nel, a mo Bropomy — 3aganust Ne2 n Ne3.

VYV kaxnoro 3aganus umeerca 10 BapuanToB. CTYJIEHT BBINOJHIET BAPUAHT, COOTBETCTBYIO-
MUK TocIeqHeH udpe HoMepa ero 3a4eTHON KHIKKU.

Ilepen BeimonHeHueM 3aganusi Noel pekoMeHIyeTcs U3ydnuTh B KOHCIIEKTE JICKLIUI B pa3jele
«JlucKkpeTH3alys HeNpephIBHBIX CUTHAJIOB» Maparpagbl:

1.1. CriexTp mUCKpEeTHON KOCUHYCOHBI. D(DPEKT pa3MHOKEHHUS CIIEKTpA.
1.2. Tuckperusanusi IEPUOANUECKOTO aHATIOTOBOTO CHTHAJIA C OTPAHUYEHHBIM CIIEKTPOM. -
(bexT HanokeHHsl CreKTpoB. BHIOOP 4acTOThI TMCKpETH3aLNH,

3aaHue IpeycMaTpUBaeT MOAEINPOBAHKE IIPOLIECCa IUCKPETU3ALU aHAJIOTOBOTO CUTHaIa
U TMOCJIEyIOlee BOCCTAHOBIIEHUE aHAIIOIOBOTO CUTHAJIA U3 AUCKPETHOTO B MPOTPAMMHOM cpejie
Scilab 5.3.3. MogaenupoBaHue BBINOJHAETCA IO TOTOBOM IporpaMMme. Mms mHporpaMmsl:
«Diskret».

Bbl BBOMTE B IpOrpaMMy CBOM MCXOJHBIE IaHHBIE U MOJIy4aeTe pE3ysbTaT B BUJIE BPEMEH-
HBIX U CIEKTPAJbHBIX JUarpaMM, KOTOpbIE HYXHO NMPOAHATU3UPOBATH M CHIENaTh COOTBETCT-
BYIOIIIME BBIBOJIBI.

[TonpoOHBIe MeTOIMYECKUE yKa3aHUsl MO BBIMIOJIHEHUIO 3a1aHusa Nel u mpumep ero BbINOJ-
HEHUS NPUBEJEHBI B pa3aenax 3 u 4.

Ilepen BoinonHeHneM 3aganui No2 u Ne3 peKoMeHyeTCsl U3yUHTh:

* B paznene «BBeneHue» KOHCHEKTa JIEKIUH cUCTEMY 00O3HAYEHUH, HCIIONB3YEeMYIO TIpU

rpaguIecKoM MPEICTaBICHUH aITOPUTMOB ITU(PPOBOI 00PaOOTKU CUTHAJIOB.

» B pasnene «[ludpoBbie GUIBTPEI» KOHCIIEKTA JEKIIUI aparpadbr:

2.1. CpoiictBa Z-mipeoOpa3oBaHus.

2.2. UmnynbcHas xapakTepucTuka mudposoro ¢gpuiastpa. [IoHATHE O PEKYpCUBHBIX U HEpe-
KYPCUBHBIX IIU(PPOBBIX (QUIBTpaX.

2.3. OnpezneneHye BBIXOJHOTO CHTHalA (GUIBTPA MO BXOJAHOMY CUTHANy U MMITYJILCHOU Xa-
paKTepHUCTHKE.

2.4. CucremHas ¢pyHkuus mudposoro ¢puibtpa. DopMel mporpaMMHOI peanu3anuu GuibT-
pa.

2.5. YacToTHast XapaKTepuUCTUKa IUGPOBOTo GuiIbTpa.

2.9. HepexypcuBHbli GmiIbTp ¢ JuHeiHOH OUX.

2.12. Cunre3 HepekypcuBHOTO (prutbTpa ¢ muHeHo DUX meTonom psina Dypbe u «OKHA»

[Ipu BbImosnHeHus 3amgaHusi Ne2 MOXHO BOCHOJB30BAaThCS TOTOBOM MpPOrpaMMoOl pacuera
AUX u ®YX mudposoro punbrpa «Pacuer AUX u ®UX_1», KOTOPYIO HYKHO MOJECPHUZHPO-
BaTh IPUMEHUTEIHHO K 3aJaHHOMY QUIBTPY.

N3yunTe mpuMepsl BRIOJIHEHHS 3aaHus Ne2, KOTOpble TPUBECHBI B pasaene 6.

[Ipu BeimosnHeHnu 3aganus Ne3 Hy>)KHO BOCIIOJIb30BaThCs IIPOIPaMMON CUHTE3a HEPEKYPCHB-
Horo nudposoro rayccoBckoro ®HY «FilterGauss» u mporpaMMoii MozennpoBanus u(ppoBo-
ro ®HY npu neiictBuu Ha ero Bxoje curnana u nomexu «ModelGauss».

Bce yka3anHbIe TpOrpamMMBI %60T3IOT B nporpaMMHo# cpene Scilab 5.3.3. JluctpuGyrus

3TOr0 MPOrpaMMHOI0 IIPOIYKTa MOYKHO TOJIYy4YHUTh C caifTa http://www.scilab.org.
TekcThl HCIIOJIb3YCMBIX IMPOrpamMm C BBC,Z[éHHBIMI/I Bamu JAaHHBIMHA OOJIZKHBI GBITL BKJIFOYEC-
HBI B KYpCOBYIO pa0OoTy B kauecTBe [IpunoxeHus.




2. 3apanue Nel. MoaenupoBanue npouecca JUCKPETU3aluu aHAJIOTOBOTO

CUTHAJIa U BOCCTAHOBJICHHUA aHAJIOTOBOT'O CUTHAJIA U3 JUCKPCTHOTIO.

HaoGmonenue 3¢ (pexToB pa3sMHOKEHUS U HAJIOKEHHUS CTICKTPOB

Tpebyercs:

1.CopmupoBaTh aHAJIOTOBBIN CUTHAI X(1) g Buge CYMMBI TPEX TAPMOHHYECKUX KOJIeOaHUI

rac

x(t) =x,(t)+x,(t) +x,(t),

x,(t) =X, cos2nEt+¢,),

x,(t) =X, cos(2nEt+0,),
X,(t) =X, cos(2nEt+0,),

F,=2F,, Fs3=3F.

[Ipu MoenMpoBaHNM aHAJIOTOBOTO curHaia Ha DBM crenyer npuHsITh

t =iAt,

ey

rae At- BpeMeHHOM MHTEpBAIl MEKTy IBYMs COCEIHMMH PACIETHBIMM TOYKAMH, 1 — IIOPSIKOBBIH
HOMEP PaCYETHOUN TOUKU, U3MEHSIOMUUCS OT O 10 imax.

3unauenus X, Xz, X3, O1, @2, 03, F; u At npuBenens! B Tabmue 1.

Tab6muna 1. UcxoaHsle JaHHBIE IS BRITOJIHEHUS 3aqaHus Nel

Howmep Bapuanra-
-mocnennas wagpa | X, | X, | X3 | 91| 92 | @3 | F, | Fy At
HOMeEpa
CTYCHYECKOTO
ouera
0 1 0 05| O 0 0 | Ixl'm | 8kl 1/512 mc
1 1 0O [08] O 0 0 Ix['n | 8kl'm 1/512 mc
2 1 0 05| O 0 n | IMIm | 8MI'm | 1/512 mxc
3 1 0 03] O 0 | n/2 | IMI'm| 8MI'm | 1/512 mkc
4 1 0.5 0 0 0 Ix['n | 8kl'm 1/512 mc
5 1 0.5 0 T 0 | 2« | 16xI'm | 1/512 mc
6 1 05| O 0 |n/2] O |2MI'm | 16MI'm| 1/512 mkc
7 I 0505 0 0 0 |2MI | 16MI'y | 1/256 mMkc
8 2 [05]05) 0 n | 2kl | 16k | 1/256 mc
9 2 105105 0 T T Ik['n | 8kl'm 1/512 mc

2. OnpenenuTh aMIUIMTYIHBIA CIIEKTP aHAJIOTOBOTO CUTHAJIA.

3. ChopmupoBaTh BCIOMOTATEIHHBIA CUTHAT u(t) g puge MEPUOJNYECKON MOCIIEN0BATENb-

1
HOCTHU CAVMHUYHBIX OTCUCTOB C NICPHUOAOM, PAaBHBIM UHTCPBATY JUCKPCTU3AIITUN TZ[ =—, Irac

Fj1 — yacrora nuckperusanuu (pucyHok 1). 3nauenue Fy npuseneno B rabnune 1.

A



u(t) Ty

0 "t

Pucynok 1 — BeiomoraresnbHblii CUTHAN B BUJIE TTOCIEA0BATEIBHOCTH
€TUHUIHBIX OTCUYETOB

4. Chpopmuposats auckpeTHsiit curnan Xa(D) =X(Ou(t),

5. OnpenenuTb aMIUTUTYAHbIE CIIEKTPHI aHAJIOTOBOTO U AUCKPETHOTO CUTHAJIOB U yOEAUTHCS
B TOM, YTO TIPHU TUCKPETU3AIMH UMeeT MeCTO 3(h(HeKT pa3MHOKEHHsI CIIEKTpa aHAJIOTOBOTO CHUT-
Haua.

6. BocCcTaHOBUTH aHAJIOTOBBII CUTHAN U3 JIUCKPETHOIO IyTEM BBIACIEHUS U3 CIEKTpa JUC-
KpPETHOTO CHUTHaJla TOW 4acTH, KOTOpasi COOTBETCTBYET CIEKTPY aHAJIOrOBOTo curHaia. CpaBHUTH
BOCCTAHOBJICHHBIM CUTHAJ C UCXOJHBIM aHAJIOTOBBIM CUTHAJIOM.

7. IIoBTOPUTH MAIIMHHBIN 3KCIIEPUMEHT MIPU B JBAa pa3a MEHbIIECH YacTOT€  JIUCKPETU3a-
. YOeauThCs B TOM, YTO BOCCTAHOBJICHHBIM CHUTHAJI OTIMYACTCS OT MCXOJHOIO aHAJIOTOBOTO
CUTHaJA, U O0BACHUTH NPUUYMHY UCKAXKEHHS] BOCCTAHOBJIEHHOTO CUTHAJIA.

3. Metoanyeckne yKkazaHusl 110 BBINOJIHEHUIO 3aanus Nel

3. s MozmenupoBaHHMs aHAJIOTOBOIO CUTHAja mpeoOpasyem cooTHomeHue (1), ompenenus
KOJIMYECTBO PACUETHBIX TOUYEK iy B mepuoe T aHaIoroBoro CUrHajia
T, 1
IS =—= .
At F -At
C y4eToM MoCieqHEr0 COOTHOIICHUSI CUTHAJ B PACYETHOM TOYKE 1 ONPEAEISETCs CIEeayIo-
oM obpazom:

x(1) = x, (1) + x, (i) + x4 (i), (2)
rac

x,()=X, cos| 21—+, |, x,()=X,cos 4n—+@, | x,()=X, cos| 67—+,
1 1 1

S S N

b
F -At

a

KonnyecTBo pacueTHbIX TOUEK B MHTEpBaje JUCKPETU3AUH PABHO 1, =

ostomy BMecto dynkmuu u(t) MoxHO paccmarpuBate ¢yHkimio u (i), rpaguk KoTOpoi
MIPUBEICH HA PUCYHKE 2.

u(i) 1d

0 i

Pucynok 2




Curnan u(i) dopmupyercss B LEKIE 10 MOPSAKOBOMY HOMEDPY PACUCTHOI TOUKM i C HC-
MOJIb30BAHUEM CUETUMKA PACUETHBIX TOUEK, IIEPEMEHHAsi KOTOPOTO Z U3MEHSIETCS OT HYJIA A0 ig.
Anroput™ (OPMUPOBAHHS i — ro 3HaueHus curHana u (i) mpuBeneH Ha pucyHke 3

1

7=7+1

)\ HET

< Z=id? >_

z=0

HET [ y(i)=0

u(i)=1

y

Pucynok 3 — Anroput™ ¢popMHpOBaHHS BCIOMOTaTEIFHOTO CUTHANA

JINCKPETHBIN CUTHAII ONPEAENISAETCS CIENYIOIUM COOTHOLLIEHUEM
Xﬂ(l)z x(l)-u(l). 3)
CootHomenus (2), (3) u anroput™ (GopMUPOBAHUS BCIIOMOTATEIIBHOTO CHTHAJA PUCYHKa 3
UCTIONB3YIOTCS B TIporpamme mojenupoBanus «Diskret», mpuBenennoii B [Ipunoxennn A.

4. PaccunraiiTe 4acTOTHI CHEKTPAJIbHBIX COCTABIAIONIMX JUCKPETHOTO CHUTHAJA, YYUThIBas,
YTO Pa3MHOKEHUE CIIEKTPa OCYIIECTBISETCS IO 3aKOHY:

kF, +F

rae F — gacToTa cnekTpaibHOM COCTaBIAIONIEH aHalloroBoro curuana, k=0, 1, 2, 3. ..

B paccmarpuBaemoM ciydae yactora F npunumaer 3Hauenus Fy, F, u Fs.

Pacuer nyxHO BbIMOAHUTH TIpU k = 0 1 k = 1, a paccunTanHble 4aCTOTHI MPEICTABUTH B MO-
PSIIKE BO3pACTAHUS.

[Toctpoiite ciekTpaabHbIe IUarpaMMbl aHAJIIOTOBOTO U AUCKPETHOTO CUTHAJIOB — 3aBHCHMO-
CTH aMIUTUTY/]l CHEKTPAJIbHBIX COCTABISAIOMIUX OT YACTOTHI.

5. BeImonHUTE MOJENMpPOBAHHE MpolEcca AUCKPETU3AMM W BOCCTAHOBIIEHUS aHAJIOTOBOTO
CUTHaJIa U3 JUCKpeTHOro. MoaenupoBanue ocyiecTBisiercs nmo nporpamme «Diskret» B
nporpammHoii cpene Scilab 5.3.3. [To3HakOMBTECH € 3TOM MPOrPaAMMON.

Ortxkpotite Scilab 5.3.3. IlosBurca komannHoe okHO Scilab. OKHO COIEPKUT MeHIo, nanenb
uHcmpymenmos u pabouyro obnacme. Ilpu3HaKOM TOTO, YTO CHCTEMa rOTOBA K BBIIOJHEHUIO
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KOMaH/bl, SBJISIETCA HAJIMUKUE 3HAKA MPUTJIAIECHHS (TOPU30HTAIIBHOM CTPEIIKH), MOCIE KOTOPOro
pacmoioKEH MUTAIOLIUNA KypCop.

[IlerukoM J1€BOM KHOMKHU MBI OTKporTe penaktop (MHcTpymeHTsl — TeKCTOBBIN peaakTop
SciNotes). TlosiBuTcs oxkHO mis penakTupoBanus. M3 pemakrtopa oTkpoiite daitn  «Diskret»
(File > Open — ... — Diskret. [losBUTCS TEKCT pOrpaMMbl ¢ KOMMEHTapHUsIMHU, KOTOPhIE BBO-
JSATCS C UCIIOJIb30BaHUEM 3HaKa //. DTOT ke TeKCT npuBeAeH B [Ipuiioxkenun A naHHOU MeTO-
JTUYECKON pa3paboTKH.

B crpokax 7-15 ocymiecTBisieTcst BBOJ UCXOIHBIX AaHHBIX W3 Tabmuuel 1. B ctpokax 19-23
OTIpEeeIIAIOTCS KOJMYECTBO PACUETHBIX TOUYEK B MEPUOJIe CUTHAJIA iS U B MHTEpBaje AUCKPETU3a-
1uu id, KOMMYECTBO PAcUETHBIX TOUYEK MPHU MOJCITMPOBAHUH aHAJIOTOBOTO CHTHANA Kak (PpyHK-
[IMU BPEMEHH imax U KOJIMYECTBO PACUETHBIX TOUEK | MpH BBIBOJE BPEMEHHBIX AUarpaMM Ha JK-
pan MonuTOpa. Benmunua imax pasua 2™, rae M — mernoe 4mcio. DTo CBA3aHO C UCIIOTb30BAHH-
eM ¢yHKIH ObicTporo mpeoOpa3zoBanus Dypre AIg onpeneseHus CIEKTPOB aHAJIOTOBOTO U
JUCKPETHOI'O CUTHAJIOB M BOCCTAHOBJIEHUS aHAJOIOBOIO CUTHala M3 auckpeTHoro. ITposepsTe,
YIOBJIETBOPSIET JIM 3HAYEHHUE imax 3TOMy ycloBUIO. Bennunna I BeIOpana Tak, 4To0BI MpoHAO-
JIOJATh MIECTh MEPUOJIOB CUTHAIA.

B cTpokax 26-41 oOHYIAIOTCS MacCUBBI JaHHBIX, KOTOPBIE UCIIONIB3YIOTCS TIPH pacueTe Bpe-
MEHHBIX 3aBHUCUMOCTEH U ()OPMUPOBAHHM BPEMEHHBIX JHUArpaMM aHAJIOTOBOTO M JUCKPETHOTO
CUTHAJA.

3areM B IUKIIE MO MOPSIKOBOMY HOMEPY PacyeTHOW TOYKH i (HOpMHUPYIOTCS aHATIOTOBBIMA
curHan X(i) (ctpoku 46-49), mocnenoBaTebHOCTh €IMHUYHBIX OTCUeTOB U(i) (cTpoku 53-58) u
nuckpetHbid curnain xd(i) (crtpoka 61).

B crpokax 65- 67 B mMKJIE MO MOPSAIKOBOMY HOMEpPY pacueTHOM Touku i0 ¢popmupyrorcs
MacCHBBI JaHHBIX JUIS BBIBOJA rpauKoB Ha skpaH MoHuTopa. Ctpoku 69 u 70 popmupytot mac-
cuB t BpEMEHHBIX 3HAUCHUM, TTpeHA3HAYCHHBIN I BhIBoa rpadukoB. Ctpoku 71-82 obecre-
YUBAIOT IOCTPOCHHUE TPeX rPaUKOB:

* AHaJOroBOro CUTHaJIa Ha BXOJE JUCKPETH3aTOopa,

* [locnenoBaTenbHOCTH €IMHUYHBIX OTCYETOB,

®  JIMCKpETHOTO CUTHAJIA.

B crpokax 86 u 87 omnpenensorcs CIEKTphl aHAJIOTOBOTO M JUCKPETHOI'O CUTHAJIOB COOT-
BETCTBEHHO METOJIOM MpPsIMOTO ObICTporo mpeodpazoBanus dypre (bynkmus fft — fast Fourier
transform). B crtpoke 88 paccumThiBaeTcs MakCMMalbHBI HOMEp OTcueTa crekrtpa kmax, uc-
MOJIb3YEeMBId TPU MOCTPOCHUU CHEKTPAIbHBIX AHWarpaMM, KOTOPBIH COOTBETCTBYET 4acTOTE
30-F . 3ateM OOHYISIOTCS MacCHUBBI JaHHBIX, KOTOPBIC UCIIOJIB3YIOTCS IPH MOCTPOESHUH CIIEK-

TpaJbHBIX aAuarpamm, (ctpoku 89-92). Ctpoku 93 u 94 ¢dopmupyor maccus yactoT f, ucmosns-
3yE€MbIil IPU MOCTPOCHUM CHEKTPAIbHBIX JUArpaMM. 3aT€M B LHUKIIE [0 MOPSIKOBOMY HOMEPY
pacueTHOM Touku criekTpa K GopMupyroTcst MaccuBBI 3HAYCHUN CIIEKTPAbHON IJIOTHOCTH aHa-
aorosoro s0 u auckperHoro sd0 curHanoB Uil MOCTPOSHUS CIEKTPATIbHBIX AUATPaMM (CTPOKHU
95-98).

Crpoxu 99-106 comepkaT KOMaHABI JJIs MOCTPOSHUS T'PaPUKOB CIEKTPOB aHAIOTOBOTO H
JUCKPETHOI'O CUTHAJIOB.

JI1s1 BOCCTaHOBIIEHUsI aHAJIOTOBOI0 CUTHAJIA U3 IUCKPETHOIO CHavdaiga pacCUMTHIBACTCS 3Ha-
YEHHE MOPSAKOBOIO HOMEpPA pacdyeTHON Touku crekrpa kl, KoTopoe COOTBETCTBYET MOJIOBUHE
4acToThl auckperusanuu (ctpoka 110), a 3atem B nukie nmo K HaXoaWTCs MAacCUB OTCUETOB
CIIEKTpa BOCCTAHOBJIEHHOTO curHana sv (crpoku 112-118). Maccus sv coBnagaer ¢ MaccuBom sd
nipu k<k1. OcTtanbHble 371€MEeHTHI MaccuBa SV npu k = k1 paBHBI HyIT1O.

BoccranoBneHHBIN curHal onpeensiercs B cTpoke 120 MeTomomM oOpaTHOTO OBICTPOTO Tpe-
obpazoBanus Oypre (bynknus ifft — inverse fast Fourier transform).

Crpoku 121-123 GopMHUPYIOT MAaCCHB OTCUYETOB BOCCTAHOBJIIEHHOTO CHUTHAJA JUIsl TIOCTPOE-
Hus rpaduka, a B cTpokax 124-127 nmpuBeneHsl KOMaH/Ibl, 00€CTIEUNBAIONIUE TTOCTPOSHUE T'pa-
duka.



3. Beeaure ucxonauble naHHble U3 Tadbmunbsl 1. [Ipu BBOAE AaHHBIX YYTHUTE, YTO JIPOOHAs
YacTh YUCIIA OTAEISAETCS OT IEJI0N YacTH TOYKOM, a He 3alsITo!, a IeHTU(UKATOPOM YHCca T B
nporpaMmMmHoii cpene Scilab sBnsiercs % pi.

da3oBbIe CABUTH O, O, U (3 0003HAUYEHBI B TTporpamme kak phil, phi2 u phi3 coorBerct-
BEHHO, a At kak delta_t.

3HaueHue At Hy’KHO MOJICTaBJIATh B MPOrpaMMy B TeX €AMHUIIAX, KOTOPbIE YKa3aHbl B Ta0-
JIALEC 1. Ecnu »Ta BenuunHa 3a1aCTCd B MUKPOCCKYH/IaX, TO Ha BpCMCHHBIX JUAarpamMmax CUrHa-
JIOB eAMHUIICH n3MepeHus (1o ocu adciucce) OyIeT MKC, a Ha CIIeKTPaJIbHBIX Auarpammax MI.
Ecin At 3amaercss B MUJUIMCEKYH/aX, TO Ha BPEMEHHBIX JuarpamMmax €IMHULEH H3MEPEHUs
BJI0JIb OCH abcuuce OyIeT Mc, a Ha CIIEKTpalIbHBIX Juarpammax kl'm.

3anycture nporpammy (Bemonnenne — CoxpaHUTh U BBIMOIHUTE). [losBuTCS rpaduye-
CKO€ OKHO C BPEMEHHBIMH U CIIEKTPAIIbHBIMU IHarpaMMaMHu.

Cxonmpyiite rpaduku B n1okymeHT Microsoft Word (®aitn — Komuposats B 6ydep oOme-
Ha).

[Ipoananu3upyiiTe nMoxy4eHHbIE BPEMEHHBIE U CIIEKTPAJIbHBIE TUAarPaMMBI:

* (CpaBHHUTE CIIEKTPHI aHAJIOTOBOTO U IUCKPETHOTO CUTHAJIOB.

= (CpaBHUTE aHAJIOTOBBIN CUTHAJI, BOCCTAHOBJICHHBIN U3 AUCKPETHOTO, C UCXOIHBIM aHAJIO-

T'OBbBIM CHUT'HAJIOM, ,Z[GﬁCTByIOH.[HM Ha BXOAC OUCKPETHU3ATOpA.

[ToBTOpUTE SKCIIEPUMEHT TMPHU B JIBa pa3a MEHbIIEH 4acTOTe AuCKpeTusanuu. [Ipoananusu-

pYWUTE NOJTYyYEHHBIN PE3yJIbTAaT U CPABHUTE €0 € IPEABLAYIIUM.

6. Ilpumep BeimoaHeHUs 3aaaHust Nel

Hcxonnbie gannsie: X =1, X, =0.9, X5=0.5, ¢;=0, ¢,=0, ¢3=0, Fi=1MI'n, Fy=8 MI',
At = 1/512 Mxc.

Tpebyercs:

1.ChopmupoBaTh aHAJIOTOBBIN CUTHAI X(V) g uge CYMMBI TPEX TaPMOHHUYECKUX KOJIeOaHU
x(t) =x,(t) +x,(t) +x,(t), (1)
rae
x,(t) =X, cos(2nEt+@,),
X,(t)=X, cos(2nEt+@,),
X,(t) =X, cos(2nEt+¢,),

F,=2F,, F3=3F,.
2. OnpenenuTb aMIUIMTYAHBIN CIIEKTP aHAJIOIOBOI'O CUTHAaJA.

3. ChopmupoBaTh BCIIOMOTATEIbHBINA CUTHAI u(t) g gune MEPUOINYECKOMN TOCIIEI0BATENb-
HOCTHU CAVMHUYHBIX OTCUCTOB C NICPHUOAOM, PAaBHBIM UHTCPBATY JUCKPCTU3AIITUN

4. Chpopmuposats auckpeTbiit curnan Xa(D) =x(Ou(t)

5. OnpenenuTb aMIUTUTYAHbIE CIIEKTPHI aHAJIOTOBOTO U AUCKPETHOTO CUTHAJIOB U yOEAUTHCS
B TOM, YTO MPHU TUCKPETU3AIMH UMeeT MeCTO 3(h(eKT pa3MHOKEHHsI CIIEKTpa aHAJIOTOBOTO CHUT-
HaJa.

6. BocCTaHOBUTH aHAJIOTOBBIM CUTHAN U3 JIUCKPETHOTO IYTEM BBIAEIEHUS U3 CIEKTpa JUC-
KpPETHOTO CHUTHaJIa TOW 4acTH, KOTOpasi COOTBETCTBYET CHEKTPY aHAJIOr0BOTo curHaia. CpaBHUTH
BOCCTAHOBJICHHBIM CUTHAJ C UCXOJHBIM aHAJIOTOBBIM CUTHAJIOM.

7. IIoBTOPUTH MAIIMHHBIN 3KCIIEPUMEHT NIPU B JBAa pa3a MEHbIIIEH YacTOT€  JIUCKpPETU3a-
1107078



Pacuer yacTOT CIEKTPaNBHBIX COCTABISIONINX JUCKPETHOTO CHTHANA MO PopMyTie

|KF, £F|

k=0
1. F:Fl, fl = F] =1 MFI_I,
2. F=F2, f2 = F2 =2 MFH,
3. F:F3, f3 = F3 =3 MFI_I

K=1
4. F:F3, f4:Fd—F3:8—3:5MFI_I,
5. F=F2, f5=Fd—F2=8—2=6MFH,
6. F—Fl, f6:Fd—F1:8—1:7MFu,
7. F=F,, f7=F4+F =8+ 1=9MIw,
8. F=F,, fg:Fd+F2:8+2: 1OMFI_[,
9. F=F;, fy=Fs+F;=8+3=11MI1.

[TocTpoeHue cnekTpalibHBIX JUarpaMM aHajJoroBOT0 U JUCKPETHOTO CUTHAJIOB
X 3

1 L - - -

0.5 p--4---}--

| ;

I I N R R R g
0 123 456 7 8 9 101112 f«In

Pucynok 4 — AMITUTYAHBIN CIIEKTP aHAJIOTOBOr'O CUTHAja

X/Xmax A
1 —

05}--4---}--

| | o g
6 7 8 9 1011 12 f kI'g

| |

| |
0 12 4

PucyHok 5 — AMIUIMTYAHBIN CIEKTP JUCKPETHOIO CUTHAIA

Ha pucyHnke 5 aMmIuTyAHbIH CIIEKTp MPEICTaBICH B OTHOCUTEIBHOM MaciuTabe 1o ocu op-
JIMHAT KaK OTHOIICHUE aMIUIUTY/Ibl CHEKTPAIbHON COCTaBIAONIEH X K MAKCUMAIbHON aMILIN-
Tyac Xmax-

7. PesynpTar MomenupoBaHus mo mporpamme «Diskret» mpu MCXOTHBIX AaHHBIX TaOIUIEI 1 B
BHUJIC BpeMeHHBIX n CHGKTpaJII:HI:IX I[I/IanaMM AHAJIOTOBOI'o 1 ,Z[I/ICerTHOI‘O CHUTrHaJ1a HpI/IBe—
IEH HA PUCYHKE 6

BriBoIBI:

| |

CTyneHT T0KEeH CaMOCTOSATEILHO CIENIaTh BHIBOIBI:



* (OO0 0cOOEHHOCTSIX CIICKTpa AUCKPETHOI'O CUTHAJIA IO CPABHCHUIO CO CIICKTPOM COOTBCT-
CTBYIOIIIETO aHAJIOIroOBOI0 CUTHajla M O COOTBE€TCTBHMU YaCTOT CICKTPAJIbBHBIX COCTAaB-
JHAIOMUX AUCKPETHOI'O CUTHAJIA paCCUUTAHHBIM 3HAYCHUAM,

®* O COOTBETCTBHHU BOCCTAHOBJIEHHOTO CHUTHAaa HCXOJHOMY aHAJIOIT'OBOMY CUTHAITY.

AHANOroEWA CHTHAN HA EXO008 AACEPETHZaTOpA ,ﬂ,ldCHFIETHHI-:I CHArHan
25T------- e B e 3
i 20T----f--- e R Haii e
: 165T=---=]---- e e e
! 10F----F--- ek Rkl bbbl e b
1 os+----[---- R B i ated S
! I Lo |- LM
' 0oTTl Il MIeyInno oy
: i )
t t } t t 1.0 t t } t t |
1 2 3 4 il 5] 1 2 3 4 il 5]
|:I'IE|CT|:I dHanoroegora cMrHana |:I'IE|CT|:I AWCGEPETHOro cHrHana
L o et el il il il 00187~~~ 577" B R N y
1TLL oo | I B 1 ood4rrr--m-d4-- - - IR R I I 1
':'-8_ 1 1 1 1 1 1 opo1z+FF----44--- - -k ===
1 1 1 1 1 1 1 1 1
OETFF---—---4--—-4-—---—rF-—--I----+4 [ [ s ol et o A i A - e e i
] 1 1 1 1 1 1 pooe+F —1-|=|- 4 - - L I N R |
S R e RERRl SEEEUEEE: aoos 1L -H- 13- ST e FEE 2
e S IV o004t HE-HA- 44411 TTEErEE -
4 1 1 1 1 1 1 ooz =171~ 7 - - r T
0.0 t t } t t i 0.000 T T t i
il 10 15 20 25 a0 o il 10 15 20 25 a0
HDGHEADIETEHBHDGTB EAHHHYHEX OTCYETOE EDCGTBHDIJ‘IEHHHE aHaJ'IDFDIbIﬁ CHArHan
1.0 OO20T ---—;---=----T----F----~----=
1 1 1 1 1 i
081 L R e R Rl (Rl
05! T R {1l
g DDDE ————— I+ = = = HE===|4|-=-==-H= === I/ =—==H
0.4 : 1 1 1 1 1 1
o o.0oo e T [ SUSpa [ pp——
1 1 1 1 1 1
0.2 1 oy e b LA i e B
] -0.005 | K T 3 | K
0.0 -0.0107 ' ; y ! ; !
u] 1 2 3 4 g 5] u] 1 2 3 4 g 5]

Pucynok 6. BpeMeHHBIe 1 criekTpasibHbIE quarpammsl mpu F > 2F3

[ToBTOpEHME SKCIIEpUMEHTA NIPH B /IBa pa3a MEHbILEH YacTOTe JUCKPETU3AIUU.
PesynbpTar MogenupoBaHusi B BUJC BPEMEHHBIX U CIIEKTPAIBHBIX TUAarpaMM aHAJIOTOBOTO U
JUCKPETHOT'O CUTHAJIa MPUBEIEH HAa PUCYHKE 7.

BriBoapbr:

CryneHT JOKEH CaMOCTOSITENIbHO C/IENaTh BbIBOBIL:

* O COOTBETCTBUU CT'YCTKOB CIEKTPa JUCKPETHOI'O CUTHAja CIIEKTPY COOTBETCTBYIOLIETO
aHaJIOTOBOT'O CUTHAJIA.

* (O COOTBETCTBUU BOCCTAHOBJIEHHOI'O CUTHAJIA MCXOJHOMY AaHAJOTOBOMY.

* O npu4MHE HECOOTBETCTBUS BOCCTAHOBJIEHHOI'O CUTHAJIa MCXOJHOMY aHAJIOTOBOMY CHUI-
Haly.
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AHANoroEsi CUTHAN Ha EXoAe AACEPETHZaTOpA ,D,I-1CH|:IETHHﬁ CHrHan
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Pucynok 7. BpeMeHHBIE 1 criekTpasibHbIE tuarpammel Ipu Fy < 2F3

9. 3anganue Ne2. Onpenenenre cucTeMHON GYyHKIIUU, KOMILIEKCHOTO
ko3 punmenta nepegaun, AUX u ®UX nudposoro ¢punastpa

Tpebyetcs onpenenuts cucteMuyro ¢pyukmuo H(z), koMmmiekcHbIi Ko3QdUIIMeHT nepeaadn
K(6), AUX K(fy) n ®UX o(fy) uudpposoro punstpa, rae 0 = 2x fy, fn=1/F5 — HOpMupoBanHas
9acToTa.

[Toctpouts rpadpuku AUX n @UX

B taGaure 2 npuBeneHbpl HOMEpP PUCYHKA ¢ TpaduuecKuM U300paKeHHEM alropuT™Ma (QyHK-
IUOHUPOBaHMS U(PPOBOro puiIbTpa U K03hPUIueHTs cucTeMHoi GyHKIMH GUIbTpa.

Howmep BapuanTa — mocnenssis mudpa HoMepa CTyIeHUYecKoro ousera.

Tabnuua 2. Anroput™M QyHKIIMOHUPOBAHUS U TapaMeTpsl U(PPOBOTro GHIIbTpa

Howmep Howmep

BapHaHTA | PUCYHKA Koaddunmentsr cuctemuon GpyHKIuu GuibTpa
0 8 Byp=B,=0.65, B;=1
1 9 A=-09, M=1+A
2 10 A=-0.75, M=I1+A
3 11 bp=0.5, b;=0, by=-0.3
4 12 Al;=-Al1,=-0.2, A2,=A2,=09
5 13 Al,=-05, Al,=-1, A2,=0.25
6 14 B=-1
7 14 B=1
8 11 bp=0.5, b;=0, b,=0.3
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12

Al;=-Al1,=-0.2, A2,=A2,=0.8

By

Xn Yn

Pucynox 9

Pucynoxk 11

12



Vn

O

Yn

-Al,

-A2,

-Al,

-A2,

Pucynok 12

-A2,

<

Pucynoxk 13

Xn

Pucynok 14

6. IIpumepsl BoimoaHEHUS 3aaHus No2

[Tpumep Nel.

3angan anroput™ (yHKIMOHUpOoBaHUA nudpoBoro ¢punbrpa. Koapdumment A = 0.9 (pu-

CYHOK 15)

Xn

1-A

Vi

+

+
-1

Pucynox 15 — I'paduueckoe npencraBieHue anroputMa GyHKIHOHHUPOBAHUS (GUIIBTPA

Yn

1>A>0
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TpebyeTcs onpeaenuTh CUCTEMHYIO (DYHKITHIO H(z) , KOMIUIEKCHBIA KO3 PUIIMEHT mepe-

naun K8 AUX K(fy) u ®UX ¢(fy) mudposoro dpuibrpa, re 0 = 27 fy, fN=f/F); - Hopmupo-
BaHHAasA 4acTOTa.
[Toctpouts rpadpuku AUX u OUX
1. 13 pucyHka BUIHO, YTO
Vn = (1_A)Xn _Avn—2’
YH = Xn - Vn’
2. Bocronib30BaBIINCh CBOWCTBAMH Z-TIPpeoOpa3oBaHMsl, EpeiieM OT Pa3HOCTHBIX ypaBHE-
HUW K YpaBHEHUSM JIJIs1 Z-TIpeoOpa30oBaHUN JUCKPETHBIX CUTHAIOB Vy, Xp, Y
V(z)=(1-A)X(z)-Az7 V(2),
Y(z)=X(z)—V(2).

Bripazum V(z) uepes X(z)
v(=1"AXD)
1+Az
IToncrasnss V(z) Bo BTOpoe ypaBHEHUE, IOIYIUM
Al+z7)
Y(z)=——X(2).
W= A

PaznenuB Y(z) Ha X(z), mOTyduM CUCTEMHYIO (PYHKIIHIO IUGPOBOTO PHIIHTPa
-2
H(z)= Y(z) _A(d+z 2)'
X(z) 1+Az
3. Jlng HaxoXIeHHs KOMIUIEKCHOTO Kod(duuueHTa nepenayn GuibTpa MOACTaBUM B BbI-

o (3] .
paKeHHe CHCTeMHOH O(yHkuumu Z =€’ , rae j — wmuumas eaunmua, 0=27f,

fy =f/F, - HOpMHPOBaHHasi 4aCTOTa

- A(l+e ) Ae®(®+e) o cos()
K(j0)= —~ = . =2Ae ————~—=
(19) 1+Ae?® 1+Ae ¢ 1+Ae?®

— 9 Ae e cos(0)
1+ A(cos(20) — jsin(28))
4. Onpenenum AUYX dunbtpa
. 0
K(G)Z‘K(J'e)‘=2A ‘COS( )‘ WM
J1+2Ac0s(26)+ A’
. 2nf
K(fy)=|K(j2nfy) = 2A cos(2aty )
J1+2Acos(4nfy )+ A’

[Toctpoum rpapux AUX (pucynok 16) nmpu u3menenuu fy ot 0 mo 0.5 ¢ marom 0.0001.
[IpunaTHIli MHTEpBa) U3MEHEHUsI fN COOTBETCTBYET MHTepBasly 4acTtoT oT 0 1o Fy / 2. Bnytpu

ATOTO MHTEpBaJa (KPOME YaCTOTHI Fy / 2 ) BBITIONTHsIETCS Teopema KoTenpbHIKOBA.

N3 rpaduxa AUX cinemayer, 94TO JaHHBINH QUIBTP SIBISETCS PEKEKTOPHBIM. Ero K03 urm-
eHT nepenauu paBeH Hymto npu fy =0.25, T.e. Ha yacToTe, paBHON YETBEPTU YACTOTHI TUCKPETH-
ct:110178

14



1
0.8 \
0.6
K(fy)
— 04
02
0
0 0.1 02 03 0.4 0.5

N
Pucynoxk 16 — AUX dunbTpa
5. Onpenenum ®UX dunbtpa

©(0) =arg(K(j0)) = ¢,(0)+ 9, (8) + 9,(8),
rac

o0, (e) =—0 wm 0, (fN ): —2nfy,

0 mpu cos()>0, 0 mpu cos(2mf,)>0,
?, (9)= wm @, (fN ) = )
n upu cos(0)<0 n mpu cos(2nfy)<0,

Asin(260) Asin(4nf)
O)=arcte| ————"7 | wiu f.)=arct N
9:(6)=arc g(1+Acos(29)] 9u(fy ) =are g(1+Acos(4an)

I'paduku @, (f N ),(p2 (f N) uQ, (f N) NpUBE/ICHbI Ha pUCYHKE 17, a pe3yabTHpyIoas
®YUX noka3zaHa Ha pucyHke 18.

Ma309acTOTHBIC XapaKTEPUCTUKH MPHUHATO MPEACTABIATH B MpeeiaX HHTepBana oT —T 10
T. B paccMOTpeHHOM citydae (ha3oBblil CABHUI, BHOCHMBIH (DHIBTPOM, HE BHIXOIMT 32 TIPE/EIibl-
3TOro0 HHTEpBana. [[09TOMy MOTYUEHHBIN Pe3yIbTaT CIELYeT CUNTATh OKOHIATEIbHBIM.

4
01(fn) 2 E
¢2(fN) 0 't."..'.:.'..-. :!. -
¢3(fN)_ 5
—4
0 0.1 0.2 0.3 0.4 0.5
N

Pucynox 17- Cocrasnsromue @UX dunsTpa
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N
Pucynox 18 — ®UX ¢dunprpa

st moctpoerus rpadpukoB AUX u @YX MOKHO BOCHOJIB30BATHCS MPOTPaMMOii, pUBE-
nenHo# B Ilpunoxxennn b. Ums nporpammer: Pacuer AUX n @YX _1.

B ctpoke 2 ocymectBisieTcst BBoa mapamerpa A. [Ipu GonblieM KOIMYeCTBE UCXOIHBIX JTaH-
HBIX YBEJIUYHUTCS KOJIMYECTBO CTPOK BBOJA.

B cTpoke 3 3agaercs mar u3aMeHeHHUs HOpMUPOBaHHOM YacToThl delta_f, a B cTtpoke 4 auamna-
30H U3MEHEHHUsI HOpMUPOBaHHOU yacToThl OT 0 g0 0.5 ¢ marom delta_f. 3aTem B nukie mno mno-
PAIKOBOMY HOMEPY pacdeTHON TOUKHM M PACCUUTHIBAIOTCS 3HAUEHUSI KOMIUIEKCHON IIEpEeMEHHOM
z, cucremHo pynkmus H, AUX K(m) u @YX phi(m). Ctpoku 12-20 opraHu3yroT BeIBOA T'pa-
¢ukoB AUX n @YX, koTopble MPUBOAATCS HA pUCYHKE 19.

B cpene Scilab ocHoBaHHe HaTypaJbHOTO JOrapuQma e 3anuchiBaeTcs B BUIE % e, MHUMas
equHUNA - %i, unucio - % pi. OTi UACHTHPUKATOPHI UCTIOIB3YIOTCS B CTPOKE 7 TMPH 3aIUCH
BBIPKEHUS 1T Z.

UtoOBI BOCTIONB30BATHCS JAHHON MPOrpaMMoON MpH pacyeTe APYrux GuibTpoB, HY)KHO 3a-
MEHHUTbH CTPOKY 8, @ BMECTO CTPOKH 2 BBECTH CBOU UCXOJHbBIC JaHHBIE.
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Pucynox 19 — AUX nu ®UX dunpTpa
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[Tpumep No2

3aaHa JIMHUA 3aJIep’KKH, COCTOSAIIAs U3 TPEX IEMEHTOB (pucyHok 20).

Xp -1 -1 -1 Va

Pucynok 20 — udposast muHus 3a1€pKKH
Tpebyercs onpenenuts cucteMuyro ¢pynkuuio H(z), kommiekcHbiit KoapduineHT nepenadn
K(G0), AUX K(fn) u ®UX ¢(fn) uudposoro ¢punstpa, rae 0 = 2xn fy, fn={/Fj - HopmupoBanHas
4acTora.
[TocTpouts rpadukn AUX nu GUX

1. W3 pucynka cienyer, 4To

yn = Xn—3'
Bripazum Z-npeoOpa3oBaHue BBIXOJHOT'O CHUTHAjJa JIMHUM 3aJlepKKU depe3 Z - mpeolpa-
30BaHME BXOJHOI'O CUI'HAJIA

Y(z) =z X(2).
CucremHasi GyHKITUS OMPENEsSeTCs CISAYIONUM COOTHOIIICHHEM
Y
(z) _——
X(z)
2. OnpenenyM KOMIUIEKCHBIN K03 pULmeHT nepeaayn, uCoiab3ys NOJCTAHOBKY Z = el
K(j8)=e"".
3. Haiinem AYX nuHuM 3a1ep>KKu (pUCYHOK 21)
K(0) =|K(j®)| =1.

H(z) =

L()_I 0 T
Pucynok 21 - AYX nuHuU 3a1€pKKU

4. Onpenenum OUX nTuHUYN 33a]IEPKKU
W3 BeIpakeHUS I KOMILIEKCHOTO KOd(h(UIMEeHTa Mepeadu CIeayeT, YTO €ro apryMeHT
paBeH

0,(0)=-30 wm ¢@,(f,)=-67f,.

[losnydyeHHas 3aBUCUMOCTh IIOKa3aHa Ha PUCYHKe 22.
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0 0.1 0.2 03 0.4 0.5
N
Pucynok 22 — @YX nuHUM 3a1ep>KKU 0€3 MPUBEACHHS B UHTEPBAII OT —T JI0 TT

W3 pucynka BuaHO, 4TO @, (f N ) BBIXOJIUT 3a Mpeeibl IPUHATOrO HHTEepBana. [Ipuuem mak-
CUMaJIbHOE OTKJIOHEHHE OT 3aJJaHHOI'0 MHTEpBaja paBHO -2 7. I—IT06£,1 npusectu OUX B uHTEp-
BaIOT - T 10 T K (po( ) HYXKHO Ipu6aBuTh 2T 1pu (po(

)<-
(Po( ) 1pHu n>(Po(f
)<-
)

z

(P(fN): (Po( )+27'E npu (pO(N
@ (fy)—2n mpu  @,(fy

IV/\

T.

[TocneqHee cOOTHONIEHHE CIPABEIIMBO, €CIIH a0COMIOTHAS BeMMunHA OTKIOHeHHsT DUX oT
IIPUHATOIO HMHTEpBaJla He npesplmaeT 2. Eciau mocie BBIIOJHEHUS YKa3aHHOM IPOLEMYpbI
OYX emie He BOMACT B IIPEIEiIbl YCTAHOBICHHOIO MHTEPBaja, TO YKa3aHHYIO OIlEpalUI0 HYKHO

MOBTOPUTS, puHsB nonyucHnyio Gynxumio O(f ) 3a @, (fy ).
[Tocne BBIIOJIHEHMS yKa3aHHOM NPOLEAYPHI NOJy4MM OKOHYaTesbHbId BapuanT OUX (pu-
CYHOK 23).

0 0.1 0.2 0.3 0.4 0.5
N
Pucynoxk 23 — ®UX ¢dunsrpa
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7. 3apanue Ne3. Cunres HepekypcuBHoro 1udposoro ®HY ¢ nuneiinoit ®UX u
rayccoBckoid AUX metonom psina @ypee. MoaenupoBanue GuiabTpa npu AeicT-
BUU Ha €r0 BXO/JIE MMOJIE3HOI0 CUTHANa U IOMEXH

Tpebyercs BeIMONHUTH cuHTE3 UdpoBoro GuibTpa ¢ muueitHo @UX u AUX, Beipakae-
Mot pyrknueit ['aycca. Takue GuIbTPHI UCMIOIB3YIOTCS, HATPUMED, TPU (HOPMUPOBAHUH CHTHA-
JIOB rayCCOBCKON MUHUMAaJIbHOM yacTOoTHOM Manunyasiuun GMSK, npuMeHsieMbIX B cUCTEME
MOBUKHOM cOTOBOU cBs3u GSM.

Tpebyemas AUX GuibTpa BeIpaXkaeTcs CIEAYIOUIMM COOTHOIIEHUEM

2
o (,.[fN]
K(fy)=e 7
N
rjae fy — HopMHpOBaHHAS YacTOTa — OTHOIIIEHHWE a0COFOTHOTO 3HAYCHHS YacTOTHI f K yacTo-
Te puckperusanuu Fp, c — HepaBHOMepHOCT, AUX B mojoce NMponycKaHus — OTHOLICHHE MakK-

cuManbHOTO KoddhdumuenTa nepegaun punbrpa Kp.x kK MuanManpbHoMyY K, B TIpeaenax molo-
cel nponyckanus. g rayccockoit AUX

b

K. =K0)=1, K., =K(fy,)=e" = 1
o

Ha pucynke 24 mnokasana rayccosckas AUX B MHTepBajle HOPMUPOBAHHBIX 4acTOT OT HY-
ns g0 0.5 ¢ ucnonb30BaHUEeM TUHEHHOTO MaciTaba 1Mo Ocu OpJAMHAT IPU O = x/E u fng=0.05.
[TyHkTupHas mpsiMas, apauieNbHas ocu abcuuce, nposeaeHa Ha yposue 1/o =0.707. A6cuuc-

ca TOYKHU IepeceyeHus MyHKTUpHOU npsiMoit ¢ AUX naer 3HaueHHME HOPMUPOBAHHOW IPAaHUYHON
4acTOTHI (UITBTpA.

I )

0 0.1 0.2 0.3 0.4 0.5
N
Pucynok 24 — AUX, onucsiBaemast pyHnkiueit ['aycca

[Tapametpsl 6 u fng ABIAIOTCS MCXOMHBIMU JAHHBIMU U1 cHHTe3a (uibTpa. MX 3HaueHns
npuBeeHbl B Tabnuie 3. Homep BapuanTa — nocienssis mudpa Homepa CTyIeHUYecKoro ousera.

Peanpnas AUX ornunuaeTcs OT UAeaabHOM IyJIbCalUsIMU B IOJI0CE 3aJ€pKUBaHusA. Mak-
CUMAaJIbHBIN YPOBEHB MyJIbCAIUH 3aa€TCsl TapaMeTPOM Oy, TPUBEICHHBIM B Ta0yHIIe 3.

Tpebyercs BBIMOIHUTH MOJEIMPOBAHUE Tpolecca (GUIbTPALUU TPH JEHCTBUU Ha BXOJE

¢uIbTpa MOJIE3HOTO CUTHAJIA U IIOMEXH.

[Tone3nplil curHanm mpeacTaBiasieT coOOW CIy4YailHyIO MOCIEI0BATENbHOCTh 3JIEMEHTApHBIX
MOCHUIOK ¢ ypoBHSIMHU 1 U -1. KoanuecTBO 0TCYETOB B 3JIEMEHTAapHOM MOChUIKE paBHO n().

AMmmMTy1a CHHYCOUaabHOM moMexu Xp, HOPMHPOBaHHAs 4acTOTa OMeXH paBHa fyp. I1a-
pametpsl n0, Xp u fn, TpuBeIcHBI B TaOnUIE 3.
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Ta6muma 3. [TapameTpsl puabTpa, CUTHATA U TIOMEXHU

Howmep fNg c Om, Ib n0 Xp fnp
BapHaHTa
0 0.05 J2 -30 10 1 0.25
1 0,06 J2 -50 10 1 0.25
2 0.07 V3 -70 10 1 0.25
3 0.05 J3 -50 10 1 0.30
4 0.04 J2 -50 25 1 0.30
5 0.03 J2 -55 25 2 0.30
6 0.05 2 -60 15 2 0.15
7 0.06 2 -65 15 2 0.15
8 0.07 2 -70 20 2 0.20
9 0.08 2 -80 20 2 0.20

8. Metoanyeckne yKkazaHusl 110 BBINOJIHEHUIO 3aqanust No3

Ha pucynke 25 nano rpadudeckoe mpeacTaBieHre alrOpuTMa peain3aliiid HEPEKYPCUBHO-
ro udposoro Guiastpa ¢ tuHeitHoi OUX. Jlunelinocts @YX 00ycioBieHa CUMMETpHEN KO-
¢GbuIUEeHTOB b OTHOCUTENBHO CEPEUHBI IMHUU 3aepKKU. [[n1Ha TuHUM 3a7epKKU (KOJIHMYECTBO
AJIEMEHTOB 3aaepkKu) paBHa 2K0.

Cunre3 dumibtpa cBomutcs Kk ompeneneHnio KO n ko3pUIIMEHTOB CHUCTEMHOW (YHKIIMH
¢mibTpa b.

Xn Xn-1 Xn-K0+1 Xn-K0 Xn-K0-1 Xn-2K0+1 Xn-2K0

7

7bK0

Pucynok 25 — HepexypcuHnsblii ingpoBoit puistp ¢ nuneitHon GUX

W3 cxeMbl prCyHKa 25 BHJIHO, YTO BBIXOAHOM CUTHAN (PUIBTPA Y, CBSI3aH C BXOJHBIM CHTHA-
JIOM X, CIEAYIOLIIMM COOTHOLICHHEM

Yo = by X, o + by ('xn—K0+1 T X, ko )+ wFbyosy (xn—l T X, 2k041 )+ by, (xn + X, 2k0 )
Bripaszum Z — npeoOpa3oBaHue BHIXOJHOTO curHana ¢uiabTpa Y(z) yepe3 Z — npeodbpa3oBa-
HHE BXOJHOTO curHana X(z)
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Y(z) =b, 770 X(z)+bl (Z_K(M + Z_KO_I)X(z)+..+bK0_l (z_l + z_2K0+1)X(z)+bK0 (1+ 7 2K0 )X(z) =
= X(Z)Z_KO [bo +b, (Z+1 + Z_l)+--+b1<0—1 (ZKO_1 + Z_KOH)"'bKo (ZKO +277%° )1

CucremHast GyHKIUS GUIBTPA OMPENCITSAETCS CISAYIONUM COOTHOIIICHHEM

H(Z)=% =z 7% {bo + f“bk (z* + Z—k)}

k=1

[oxcTaBnss B TocieaHee COOTHoIeHHe Zz=e ’’, HaiifleM KOMIUIEKCHBIH K0d(QHUIMEeHT
nepenaun GpribTpa

KO
K(j6)= /00 {b(, <25, coslk 9)}

k=1

O003HauNM
KO
Alfy)=by+2D> b cos(2zk fy). (1)
k=1
Torma
K(fy)=e " " A(fy). @)

Haiinem AUYX — 3aBUCHMOCTb MOJYJISI KOMIUIEKCHOTO KOd(puImeHTa nepeaadn OT 4aCTOTHI
K(f N) n @UX — 3aBUCUMOCTH apryMEHTa KOMILJIEKCHOTO K03(ppHiineHTa nepesadu oT 4acTOThI

¢(f1v):

f
) 3
o(f ) =arg(A(fy Je 270 )= 2mK0-£, +arg (A(f, ) ?

rac
0 mpu A(fy)>0,
T Tpu A(fN)<O.

el (0,)- |

N3 nmocneqnero cootHomeHus cienyet, uro ®UX dunbTpa sBIseTcs THHEHHO-JIOMaHOM.

U3 (1) u (3) BuaHo, uto AUX ¢unbTpa sBIsSETCS MEPpUOIUUECKON QYHKIIMEH HOPMUPOBaH-
HOM 4YacTOTBI C TIEPHOJIOM, PAaBHBIM €IWHUIIC (WM MEPUOINIECCKON (DYHKIIMEH 4acTOTHI C Tie-
PHOJIOM, PAaBHBIM YaCTOTE TUCKPETU3AINH).

[Tocneanee o3HayaeT BO3MOXKHOCTH CHHTE3a LHU(POBBIX (UIBTPOB MYTEM pa3ioXKEHHUS
¢ynkuuu, onucsiBatomiel Tpedyemyro AUX B psag Dypre, rae kodhuuenTsl by u 2by SBISIOT-
cs kodpdunmentamu Dypoe. Ha pucynke 26 npusenena tpedyemas AUX ¢unbTpa B HHTEpBa-
ne ot Hyist 10 0.5 u e€ mpoIoIbKeHUE BAOIh OCH HOPMHPOBAHHBIX YaCTOT

1

0.8
K(fy)
— 04
0.2

0

0 1 2
N
Pucynox 26

Ucnonw3ys Beipaxkenus mis kodpdunuentoB Oypre yetHou dyakuun K(fy) 1 comocrapisist
uX ¢ K03 (hUIMeHTaMi CUCTEMHOM (PyHKIMH B cOOTHOIIEHUH (1), mosryuum
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by=2 [K(f)dfy. b =2 [K(f,)eosQrk f)d . 20 k=12.K0.  (4)

[TocnmeaHre COOTHOMIEHUST HCIONIB3YIOTCS B «[IporpaMme CHHTE3a HEPEKYPCHBHOTO ITU(-
poBoro rayccoBckoro ®HU», npusenénnoit 8 [IPUJIOXKEHUU B.

Nwmst mporpammet: «FilterGauss».

Jns onpenenenust ko3pduunueHToB cucreMHol (GyHKIMK GUIBTPA B MPOrpaMMy BBOASTCS
UCXOJHbIE JaHHBbIC: HOPMUPOBAHHAs IPaHMYHAs YaCTOTA IOJIOCHI MPOMycKaHus GuibTpa fyg,
HepaBHOMepHOCTh AUX B osioce nponyckaHus ¢ (sigma), MaKCUMaJbHbIN YPOBEHb ITYJIbCALIUN
AUX B monoce 3anepxxuBanus B 1b o, (delta_m) (cTpoku 5-7).

BBoauTcs OpueHTHPOBOYHOE 3HAUEHNE NIOJIOBUHBI JUIMHBI JIMHUU 3a1epkku KO. B mpouecce
CHUHTE3a 3TO 3HaueHue Oy/eT KOppeKTUpoBaThes. [lepBoHauaIbHO MOKHO 3a/1aThCsl 3HAUCHUEM,
paBHbIM 10.

OOparute BHUMaHUE Ha Cieayromue 0JIOKH rmporpamMMmbl. B ctpokax 12 u 13 3amaércs ra-
yccoBckas ¢pyHkuus, onucsiatomias Tpedyemyro AUX K(fy), a B ctpokax 16-20 — ta sxe (pyHK-
s, HO B JIoTapupMUUYEeCKOM MacuiTabe Mo ocu opauHaT. MUHHMMaibHOE 3HAYEHUE OTHOCH-
TEJILHOTO KO3 uIMeHTa nepegadn GuibTpa npuHaTo paBHbIM -200 1b.

B cTpoke 21 yka3biBaeTcs mar U3MEHEHUsI HOPMHUPOBAHHOM 4acTOThI Ipu pacuere AUX, a B
CTpOKE 22 HAaXOJUTCA KOJUYECTBO pacueTHbIX Touek AUX. 3aTeM B LUKIE 110 HOMEPY pacuer-
HOH TOoukH (PopMUPYIOTCS MaccuBbl 3HaUeHH AUX B pacdyeTHBIX Toukax (cTpoku 27-31), uc-
noJb3yeMble Ipu ocTpoeHuu rpagukoB AUX (ctpoku 32-42).

B ctpoke 45 paccuntsiBaercs koddduiment cuctemuon Gpyuakmuu b0 mo dopmyne (4). st
ATOTr0 UCTONb3yeTcs QYHKIUs mporpammHoin cpeasl Scilab intg(0, 0.5, K). Aprymentamu »Toi
GyHKIUY SIBISIIOTCS: 3HAUeHUA MpenenaoB unterpupoanus 0 u 0.5 u noguHTerpanbHas QyHK-
ms K (K(fy)). B crpokax 47 u 48 cdopmupyercs nonunterpaibHas ¢ynkuus KC(FNk)
(K(fn)cos(2mkfy) mist Berancnenus kodpguimeHToB by, a B crpokax 49-51 — pacCUMTHIBAIOTCS
ko3 duuuents! cucremHon ¢pynkuu b(k) (bx) B 1uKie 1Mo MOPSIKOBOMY HOMEPY pacdyeTHOU
TOUKH.

B ctpokax 54-60 3apmaérea ¢pynkuus Kk(FN), 3anaromias 3aBUCHMOCTh KOMILIEKCHOTO KO-
s durmenTa nmepeaadn OT 4acTOThI B COOTBETCTBHH ¢ cooTHomeHusMu (1) u (2), a 3aTem pac-
cunthiBatorcss AUX nu ®UX (ctpoku 63 — 71). Crpoku 73-81 obecnieunBaoT MOCTPOCHUE Tpa-
¢ukoB AUX n OYX.

B crpokax 82 u 83 npoucxoaut Bblaya 3HAYCHUN KOA(P(PUIMEHTOB CUCTEMHOM (DyHKIIUHU B
KOMaHJIHOM OKHE MPOTrpaMMBbl.

[Tporpamma BBIBOAUT TpaduuecKkoe OKHO pUCYHKa 27, Ha KOTOPOM Ipe/CTaBlIeHbI TpeOye-
Mbie AUX B nuHEHOM U Jorapudmudeckom Macmrade, peasbHas AUX u ®UX. DToT pe3yib-
TaT HY)KHO IIPOAHAIU3UPOBATD.

N3 pucynka BuaHO, uyTo paccuntanHas AUX ormuyaeTcs OT TpeOyeMo# MyIbCallusMH B 110-
Joce 3aepKUBaHUA. DTH MYJIbCAllUU Ha3bIBatoTcA siBieHueM ['n66ca. OHu 00ycnoBiIeHsl orpa-
HUYEeHHEM OeckoHeuHOoro psiga Dypebe.

Onpenenure 1o rpaduKy BEIMYMHY MAKCUMAJIBHOTO YPOBHS MyJbcaluii B genuodenax o. Ec-
JIM 3Ta BEJIMYMHA OKaXkeTcs Oosblle, yeM om B ab, To HYy)KHO yBEJIUYUTH MOJIOBUHY JUIUHBI JIH-
Huu 3anepxkku KO, a ecnmu MeHbIne, To yMeHbIIUTh. [lociaenoBaTenbHBIMU UTEPALIUSIMHA HYKHO
NOOUTHCS PaBEHCTBA ATHX 3HAYEHUI MM HEOOJIBIIOTO MPEBBIILICHUsT 3aJaHHOW BEJIMYUHOM Om
(aKTHUECKOro MaKCUMaJILHOTO YPOBHS MYJIbCALUI B ITOJIOCE 3aACPKUBAHHUS O.

[Tocne storo HyxHO 3anucaTh 3HaueHue KO B Tabnuiy 4 npu 3a1anHHOM 3HaueHuH O B 1b.

VBenuubte 3HaueHne KO B nonropa paza. Eciu pesynbsrat ymHoxeHus KO Ha 1,5 okaxercs
IpOOHBIM, OKPYTJIMTE €ro. 3amycTuTe NporpaMmMy U 3allUIINTe BHOBb MOJYyYE€HHOE 3HAYEHUE O
B TabnuIy 4.

YMenpnte nepBoHavanbHoe 3HadeHne KO B montopa paza. Eciu pesynbrar genenus KO
OKa)KeTCsl POOHBIM, TO OKPYIJIUTE MOJIyYeHHOE 3HAUeHHUEe. 3alyCTUTE MPOrpaMMy M 3aluIInTe
HOBOE 3HaueHHe O B TAONIHUIy 4.
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Cz[eﬂaﬁTe BBIBO/JI O BJIMSIHUU OJIUHBI JIUHUU 3a1[ep>1<1<1/1 Ha MaKCHMaﬂbHBIﬁ ypOBGHB HyJII:CEl-
UK B TOJIOCE 3aJI€PKUBAHUS, OTIIMYAIOIINN peasibHyt0 AUX 0T uaeanbHOM..

Tpefyemaa AMNX duneTpa Tpebyeman AYX duneTpa ¢ ab
1.0 o]
0.91
081 207
0.7
m 407
~ 0.6 = E
Z 051 =z .80
0.41 = 1
¥  _and
0.3 &0
027 -1001
0.1 E
0.0 T T T ' T T T T T -120 T T T T T T T T T
0.000.050.100.150.200.250.300.350.400.450.50 0.000050.100.150.200.250.300.350400.450.50
N fH
PacocynTanHaa AYX duneTpa & a6 $UX chuneTpa B rpanycax
u] 200
150
=207 w
E 1007
-~ -401 =4 i
: 2 %
o -B07 = 0
; =
l T 507
< .80 E
™ -100
. €
-100 1501
120 T T T T T T T T T -200 T T T T T T T T T
0.000.050.100.150.200.250.300.350.400.450.50 0.000050.100.150.200.250.300.350400.450.50
fH fH

Pucynoxk 27 — Tpebyemas AUX u paccuntanubie AUX n ®UX punpTpa

Tabnuma 4 — BiustHue IiIMHBI JIMHAK 3a7P>KKH Ha 0CIa0JICHUE B MOJI0CE 3a/ICPKUBAHUS

KO 0B 1b

Crnenyromuii 3Tan BHITIOJHEHUS TaHHOTO pasjiesia KypcoBOM pabOThl COCTOUT B MOJEIHPO-
BaHUU Tporiecca (GUIbTpaluy Ipu JIeHCTBUH HA BX0J1e GUIBTPA MOJIE3HOTO CUTHAIA U TIOMEXH.

[Tone3nprit curHai MpeACTaBISIET COOON CIyYalHYIO MOCIEI0BATEIPHOCTD MPSMOYTOJIBHBIX
AJIEMEHTAPHBIX MOCBIIOK XC ¢ ypoBHAMU | 1 -1, dhopMUpOBaHHE KOTOPHIX MPEICTABICHO HA PH-
cyHKe 28.

Ha pucynke mpuBeneHa BpeMeHHasl quarpamma pabOThI CUeTYMKa OTCYEeTOB. [lepemeHHas
CYETYMKA Z U3MEHSETCS B COOTBETCTBHM C COOTHOLLIEHUEM

z+1 mnpu z<n0, 5)
‘ 0 npu  z = n0.

B MOMEHT nuCKpeTHOro BpeMEeHH, KOI/1a IepEMEHHAas CYeTUYMKa paBHA HYJIIO, OINpPEAeIsieTCst
3HAK 2JIEMEHTAPHOM MOCHIIKU B 3aBUCHMOCTH OT 3HAYEHUs CITydaiiHoi Benuunbl 1 2> F, >0.

Ecmu & > 0.5 dopmupyercs MOChIIKa MO3UTHBA XC = 1, B IPOTUBHOM Cllydae (OPMUPYETCS

MOCBIJIKA HeraThuBa Xc = -1. 3HaueHue xc, onpeaenénnoe npu z = 0, octaércs HEM3MEHHBIM J10
CJIEYIOIIEro HYJIeBOro 3HaueHus z. COBpeMEHHbIE MaTeMaTH4YECKUE MPOTrpaMMHBIE MPOAYKTHI,

KaK TPaBUjIo, COAEPIKAT TEHEPATOP CAyIaiHOW BETUYHUHBI ﬁ B Scilab sto dyakuust rand(1).
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Pucynok 28 — Bpemennas auarpamma paboThl CYETYHMKA OTCUETOB U BpeMEHHast JuarpaMma
CUTHaJIa Ha BXo/e (PUIbTpa

N3 pucyHka BUAHO, YTO KOJIMYECTBO OTCUETOB B AJIEMEHTAPHOM MOckuiKe paBHO n(. 3Haye-
Hue n0 npuBeAeHO B TabmuIe 3.

[Ipu MoaenupoBaHUN UCTIONB3YETCSl CHHYCOUJabHAsI TOMeXa, onpeesisieMasi COOTHOLICHH-
eM

xp(n) = Xp-sin (2w fNp-n),

rae Xp — aMmmintyaa nomexu, fNp — HopMupoBaHHas yacToTa moMexu. 3HadeHuss Xp u fNp
IpUBE/ICHBI B TaOIUIE 3.

CyMMa curHaia v moMexu X(n) moctymnaeT Ha BXoJ1 (puibTpa pucyHka 29.

x0(n) x(1) x( KO-1) x(KO0) x(KO0+1) x(2K0-1)  x(2KO0)

-1 -1 -1 -1 -1 -1
zZ z | z o VA VA z

‘ Z)(O) 7b(K0)

b(Ko-1) Y

Pucynox 29

Pucynok 29 otinuaercst oT pucyHka 25 npyroél cucteMoil 0003HaYeHHid, KOTOpas MaKCH-
MaJIbHO MPHUOJIMKEHa K 0003HAaYeHHEM 3JIEMEHTOB MacCHBOB B cpejie Scilab.

OnemenTsl MmaccuBa x: X(1), x(2) .. x(KO0) ..x(2K0) coaepkaT oTcUeThl CUTHAJIa HA BBIXOAaX
DIIEMEHTOB 3aJepkKU. Kaxx1oMy 31eMEeHTY 3aepKKH MpU TpadUuecKoM MPEeACTaBICHUN aJro-
pUTMa COOTBETCTBYET siuelKa MaMSATH BBIYUCIUTEIHLHOTO YCTPOWCTBA, PEAU3YIOLIEro JTaHHBIH
u(poBOH y3ell.
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K0-1
y(n) =b(0)- x(K0) + > b(k) - (x(KO - k) + x(KO0 + k)) + b(KO0) - (xO(n) + x(2K0)). (6)
k=1
[Tocne onmpeneneHus TEKYIIEro OTCYETa BHIXOAHOTO CUTHAJA (PUITBTPA OCYIIECTBISIETCS
CABHUI' OTCUCTOB B JINHUU 3az[ep>1<1<1/1:

x(2K0)=x(2K0-1), x(2KO0-1)=x(2K0-2), .. x(K0)=x(KO0-1), .. x(2)=x(1), x(1)=x0(n). (7)

B cooTBeTcTBUU C pacCMOTPEHHBIM AITOPUTMOM (hunbTpanuu papadorana «[Iporpamma
MoaenupoBanus nudposoro ®HY npu neiicTBUM HA €ro BXOJE CUTHAJA M IIOMEXHW», IPUBEICH-
Has B [IPUJIOKEHUU T.

Nwmst mporpammel: «ModelGauss».

B cTpokax 5-14 ocyrmiecTBisieTcs BBOJ UCXOHBIX JaHHBIX. J{Ji TOTO YTOOBI HE BBOJUTH B
nporpamMmy OOJIBIIOE KOTUYECTBO KOIPDUIIMEHTOB CUCTEMHON (DYHKIIMH, PACCUYMTAHHBIX MPO-
rpaMMoil cuHTe3a (PUIbTpa, B IPOrpaMMy MOJACIUPOBAHUS BBEICHBI COOTHOIICHUS IS pacueTa
3TUX K03 dunreHToB (cTpoku 18-26).

3aTeM B IIUKIIC TT0 TIOPSAIKOBOMY HOMEPY oTcueTa n (cTpoka 34 — OTKphITHE ITUKIIA) HOpMHu-
pYyETCs CUETYUK OTCUETOB C IEPEMEHHOM Z B COOTBETCTBUHU C (5), MOJE3HbIN CUTHAI B BUJIE T10-
CJI€I0BATEIIHOCTH JIEMEHTAPHBIX NMOCBUIOK (CTpokHU 39-44) u cuHyconanpHas nomexa (CTpoka
46). Ha Bxox ¢unbtpa nogaéres cymma curtana u nomexu x0(n) (ctpoka 48).

Omnpenensercst BBIXOAHOW curHai GuiabTpa y(n) (CTpoku 55-59) mo nmpuBeIcHHOMY BBIIIE
COOTHOIICHUIO (6).

OcyIecTBISIETCS CIBUT OTCYETOB CUTHAJIA B JIMHUU 3aJIepKKH (cTpoku 63-67). Ctpoku 68-
80) obecrieunBarOT MOCTPOCHUE BPEMEHHBIX TUArpaMM, BBIIABAEMBIX IPOTPAMMON.

9. ITpumep BbITOTHEHUS 3agaHus Ne3

Tpebyercs BeimonuuTh cunTe3 nudpooro ®HY ¢ nuneiinoit ®UX nu AUX, BeipakaeMoit
dbynaknueit ['aycca. Tpedyemass AUX ¢punbTpa BeIpakaeTcs CASAYIOIIMM COOTHOIIICHHEM

K(f,)= NG ,

ripe O = \/E - HepaBHOMepHOCTh AUX B 1oj10ce mponmycKaHus,
fng — HOpMHpPOBaHHAsA TPaHUYHAS YACTOTA IOJIOCH! IPOIYCKaHHs (GUIbTPA.

MakcumanbHBIM YPOBEHB MYyIbCAIUNA B MOJ0CE 3aAepKuBanus puiabTpa om = -60 nb.

Tpebyercs BBINOTHUTH MOACIUPOBAHME Tpolecca (UIBTPALUU MpPU IEHCTBHM HAa BXOJE
¢buIbTpa MOJE3HOTO CUTHAJIA U TIOMEXH.

[Tone3nplil curHanm mpeacTaBiasieT coOOW CIy4YaiHyIO MOCIEI0BATENbHOCTh 3JIEMEHTApHBIX
MOCBUIOK ¢ ypoBHSIMHU 1 1 -1. KoauyecTBO 0TCYETOB B 3JIeMEeHTapHO# nockuike paBHo n0 = 20.

AMIUIMTYAa CUHYCOUJIAIbHON moMexu Xp = 2, HOPMHUPOBAaHHAs 4acTOTa MOMEXHM paBHA
fnp=0.2.

Cxema ¢unbTpa npusegeHa Ha pucynke 30.
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x0(n) x(1) x(7) x(8) x(9) x(15)  x(16)

-1 -1 -1 -1 -1 -1
o zZ zZ z

7b(0)

‘ b(1) b(7) Y7b(8)

Pucynox 30 — HepexypcuBHblit GuiabTp ¢ muHeiHo OUX

Cunre3 ¢punbpTpa BeInoiHeH 1o nmporpamme «FilterGauss». sce.
Pe3ynbTaThl cuHTe3a:

[TonoBuHa AyMHBI TUHUM 3aAepKKH uabTpa KO=8.
KoadduunenTs! cucreMHON (GYyHKIMU MPHUBEICHBI B TAOIUIE 5

Tabmuua 5 — Koadduuuents: cuctemuoit pyHkuu gpuiabtpa

Howmep xoaddurmenta k 3unauenue kodpdunmenta b(k)
0 0.1505384
1 0.1401935
2 0.1132323
3 0.0793184
4 0.0481881
5 0.0253902
6 0.0116026
7 0.0045984
8 0.0015806

AUYX ¢unasTpa onpeaensercs CAeAyIIMM COOTHOIIICHUEM:
KO

K(fy)=|A(fy), rme A(fy)=b0)+2) bk)cos(2mkfy) .
k=1

@UX ¢unbTpa 6€3 mpuBeACHUS B UHTEPBAJT OT — T JI0 T, ONIPEEIIAETCS] COOTHOILICHHEM
o(fy)=arg (A (fy )e 2 oM )= —21KO-f +arg(A(fy)).

B nByx nocnegnux cootHomenusx KO=8

I'paduxu AUX n @YX npueneHsl Ha pucyHke 31
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Pucynok 31 — AUX nu ®UX nipu KO =8

[ToBTOpenue sxcnepumenta npu KO=12
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Pucynok 32 — AUX nu ®UX npu KO =12
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[ToBTOpenue sxcnepumenta npu K0O=5
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Pucynok 33 — AUX u ®UX npu KO =5

Tabnmuua — BnusHue [UIMHBI TMHAN 33€P>KKH Ha OCJIabJIeHHE B TIOJI0CE 3a/1€P/KUBAHUS

KO

o0 B 1b

10

-60

12

-115

8

-33

BbiBoBI (HYXKHO ¢(hOpMYTHPOBATH CAMOCTOSATEIBHO):
» OO0 oriuunu peanbHoit AUX oT TpeOyemMoil U MPUINHE ITOTO OTIUIHSL.
* O BIMSHUM JUHUH 33JePKKH Ha oTimuue peanbHOi AUX oT TpeOyemoi rayccoBCKOi

XapaKTEePUCTUKU
= (0 ocobennoctu OUX.

[Tpu MoxenupoBaHuU mpolecca GUIbTPALMU HAa BXOJA (HIBTPa MOAAETCS CyMMa CUTHajla U

momexu x0(n).

[Tone3Hplii curHai nmpeAcTaBiIsieT co00i CiydaitHyIO MMOCIeA0BaTeNbHOCTh MPSIMOYTOIBHBIX
3JIEMEHTAPHBIX MTOCBUIOK XC C YPOBHAMU 1 U -1, (opMUpoBaHHE KOTOPBIX IPEJCTABICHO HA PU-

cyHke 34.
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Pucynox 34 - ®opmupoBaHue curHaia Ha Bxoje GuibTpa

cDOpMI/IpOBaHI/Ie OJIEMEHTAPHBIX IO CCBIJIOK OCYIICCTBIISICTCA C HMCIIOJIB30BAHHUEM CUCTUYHKA
OTCUYCTOB. HepeMeHHaﬂ CUCTUYHKA Z HU3MCHACTCA B COOTBECTCTBHH C COOTHOIICHUECM

{z+1 npu 7 < n0,

&)

0 npu 7 =n0.

B MoMeHT nuckpeTHOro BpeMeHH, KOTa epeMeHHas CYeTYuKa paBHa HYJII0, OINpeaemseTcs
3HAK >JIEMEHTAPHOM IIOCBUIKU B 3aBUCHMOCTH OT 3HAYE€HHs CAy4aiHOM BeIMYUHEl | > § >0.

Ecmu € > 0.5 dopMupyeTcst OCHUIKA MO3MTHBA XC = |, B IPOTHBHOM ciiydae hOpMHPYeTCs
MOChUIKA HeratuBa Xc = -1. 3HaueHue xc, onpeaenéHHoe npu z = 0, ocTaéTcsi HEU3MEHHBIM 10
CJIEIYIOIEr0 HYJIE€BOTO 3HAYCHUS Z.

[Tomexa onpezenseTcss COOTHOLIEHUEM:

xp(n) = Xp-sin (2w fNp-n),
rae Xp — aMmmuTyaa nomexu, fNp — HopMHUpoBaHHAs 4acTOTa MOMEXHU.
MOI[GJII/IpOBaHI/IG OCYHICCTBIIACTCA C UCIIOJIB30BAHUCM CIICAYIOIINX COOTHONICHUMU:

OrnpeneneHre BHIXOIHOTO CUTHAIA
y(n) =b(0) - x(K0) + be(k) (x(KO0 —k)+ x(KO0 + k)) + b(K0) - (xO(n) + x(2K0)).
CnaBsur cursasia B JIJUHUH 3l;zziep>1<1<1/1
X(2K0)=x(2K0-1),  x(2K0-1)=x(2K0-2), .. x(K0)=x(KO-1), .. x(2)=x(1), x(1)=x0(n),
rae KO=8.

PCBYJ'II)TaTOM MOACIUPOBAHUA ABJIAKOTCA CICAYIOINE BPEMCHHBIC AarpaMMBI.
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CwurHan Ha exoge huneTpa
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CnrHan ¢ nomexod HY exone uneTpa
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o
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CurHan Ha ewxlae diuneTpa
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Pucynok 35 — BpemeHHbIE quarpaMMbl BXOJHOTO CUTHAJIA, BXOJHOIO CUTHAJIA
C HOMGXOﬁ 1 BBIXOJHOI'O CUI'HaJ/1a

1.8

PC3y.]'IBTaTLI MOACIMPOBAHUSA IMO3BOJIAIOT CACIATH CJICAYIOIUC BBIBOJAbI:
[ ]

Tpebyercs cnenarb BHIBOBI O BIMSHAN (QHIIBTPA HA TOMEXY M MOJIC3HBIH CUTHAIL.

30



[Ipunoxenue A

MOI{GHI/IpOBaHHG Imponecca JTUCKPETU3AIINH aHAJIOI'OBOI'O CUI'HAJIa
1N BOCCTAHOBJICHHA aHAJIOTOBOI'O CUT'HAJIA U3 JUCKPCTHOI'O

1 // TIporpamma "Diskret". MoaenupoBaHnue npouecca IUCKpeTU3alun
2 // anaJI0roBOro CUrHajga U BOCCTAHOBJIEHHS aHAJIOTOBOT'O CUTHAja
3 // n3 nuCKpeTHOro

47/

5 // BBOIl UCXOIHBIX TAaHHBIX JJIS MOJICTHPOBAHUS

6/

7 X1=1; //AmnnuTyna nepBoii TapMOHUKHU

8 X2=0.9; //AmnnuTyna BTOpoi rapMOHUKHU

9 X3=0.5; //AMnuTyzaa TpeTbeil rapMOHUKU

10 phil=0; //HauanbHas ¢a3a nepBoit rTapMOHUKH

11 phi2=0; //HayansHas ¢a3a BTOpoil rapMOHUKH

12 phi3=0; //Havanbnas ¢a3a TpeTheil TapMOHUKH

13 F1=1 // YacroTra nepBoii FTapMOHHMKHU CUTHaIa

14 Fd=4 // YacTota nuckpeTn3amnuu

15 delta_t=1/512; //BpemeHHOIl HHTEPBAJ MEXKIY JBYMsI COCEAHUMHU
16 //pacueTHBIMU TOYKAMH

171/

18 // Pacuer BcmomMorareibHbIX MapamMeTpoB

19 is=ceil(1/(F1*delta_t)); /KonmnuecTBO pacyeTHBIX TOUYEK B IEPHOJI€ CUTHAIIA
20 id=ceil(1/(Fd*delta_t)); /KonmnuecTBO pacueTHBIX TOYCK B HHTEPBAJE
21 /] nuckpeTu3auuu

22 imax=64+*is; // KonudecTBO pac4eTHBIX TOUCK

23 I=6%*is; // KonnyecTBO pacueTHBIX TOYEK Ha Tpaduke

24 //

25 //HavanpHas ycTaHOBKa (OOHYJIEHUE MAaCCHBOB)

26 i=zeros(1:imax);

27 x=zeros(1:imax);

28 u=zeros(1:imax);

29 xd=zeros(1:imax);

30 xv=zeros(1:imax);

31 s=zeros(1:imax);

32 sd=zeros(1:imax);

33 sv=zeros(1l:imax);

34 i0=zeros(1:1);

35 x0=zeros(1:1);

36 uO=zeros(1:I);

37 xdO=zeros(1:1);

38 xv0=zeros(1:I);

39 t=zeros(1:1);

40 u=zeros(1:1max)

41 z=0

42 1/

43 /| ®opmupoBaHUE aHAJIOTOBOI'O CUTHAJA

44 1/

45 for i=1:imax

46 x1=X1*cos(2*%pi*Fs*delta_t*i+phil);

47 x2=X2*cos(4*%pi*Fs*delta_t*i+phi2);
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48 x3=X3*cos(6*%pi*Fs*delta_t*i+phi3);

49 x(1)=x1+x2+x3;

50 //

51 // ®opMupoBaHKE MMOCIEIOBATEILHOCTH €AMHUYHBIX OTCUETOB
5211

53 z=z+1

54 if z = = id then z=0

55 end

56 if z==0 then u(i)=1

57 else u(i)=0

58 end

591/

60 // JuckpeTrur3aliysi aHaJIOroBOro CUrHasna

61 xd(1)=x(1)*u(@);

62 end

63 // ®opMHupOBaHNE MACCUBOB JTAHHBIX JIJIS OCTPOSHUS TpaduKOB
64 for 10=1:1

65 x0(10)=x(10);

66 u0(i0)=u(i0);

67 xd0(10)=xd(i0);

68 end

69 10=[1:I];

70 t=delta_t*i0;

71 clf()// Ounctka rpadudeckoro okHa nepea Beigadeii rpadukoB
72 subplot(3,2,1);

73 xtitle(' AHaIOTOBBIN CUTHA HAa BXOJIE TUCKPETH3aTOpa')
74 plot(t,x0,"b")

75 xgrid

76 subplot(3,2,5);

77 xtitle('TlociienoBaTeNbHOCTh €AUHHUYHBIX OTCUETOB')
78 plot2d3(t,u0)

79 subplot(3,2,2);

80 xtitle('luckpeTHBbIi curHan')

81 plot2d3(t,xd0,style=[color("red")])

82 xgrid

831/

84 //Onpenenenue cnekTpa aHAJIONOBOrO U IUCKPETHOTO CUTHAja
851/

86 s=fft(x);

87 sd=fft(xd);

88 kmax=30*floor(imax/is);

89 k=zeros(1:kmax);

90 f=zeros(1:kmax);

91 sO=zeros(1:kmax);

92 sdO=zeros(1:kmax);

93 k=[1:kmax];

94 f=k/(delta_t*imax);

95 for k=1:kmax

96 sO(k)=s(k)*2/imax;

97 sd0O(k)=sd(k)*2/imax;

98 end

99 subplot(3,2,3)
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100 xtitle('CniexTp aHaJIOrOBOTO CUTHAJA')

101 plot2d3(f,abs(s0),style=[color("blue")])

102 xgrid

103_subplot(3,2,4)

104 xtitle('CriekTp AUCKPETHOTO CUTHazia')

105 plot2d3(f,abs(sd0),style=[color("red")])

106 xgrid

107 //

108 // BoccraHoBIIeHNE aHAJIOTOBOTO CUTHANA U3 JUCKPETHOIO
109 //

110 k1=floor(0.5*imax/id);// Homep oTcuera cnexrpa,
111 // cOOTBETCTBYIOIIMIT TTOJIOBUHE YACTOTHI AUCKPETU3ALINHI
112 for k=1:imax

113 if k<k1 then

114 sv(k)=sd(k);

115 else

116 sv(k)=0;

117 end

118 end

119 // ®opMupoBaHue BOCCTAHOBJIEHHOI'O CUTHAJIA
120 xv=ifft(sv);

121 for i0=1:I

122 xv0(i0)=xv(i0);

123 end

124 subplot(3,2,6)

125 xtitle('BoccTaHOBICHHBIH aHAIOTOBBIM CUTHAI')
126 plot2d(t,xv0,style=[color("green")])

127 xgrid
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[MTPUJIOXEHUE b
[Iporpamma pacueta AUX nu ®UX

1 // TIporpamma pacuera AYX u @YX mudposoro ¢puibTpa pucyHka 15
2 A=0.9

3 delta_f=0.0001

4 fN=0:delta_f:0.5

5 mmax=0.5/delta_f

6 for m=1:mmax+1

7 z=%eN%1*(m-1)*2*%pi*delta_f);

8  H=A*(1+z"(-2))/(1+A*z"\(-2)); // CuctemHas pyHkius GuabTpa
9  K(m)=abs(H);

10 phi(m)=atand(imag(H),real(H));

11 end

12 clf()

13 subplot(2,1,1)

14 xtitle("AUYX", "fN","K")

15 plot(fN,K,"k")

16 xgrid(3)

17 subplot(2,1,2)

18 xtitle("®UX","fN","phi")

19 plot(fN,phi,"k")

20 xgrid(3)
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[MTPNJIOXEHUE B

IIporpamMmma cuHTE3a HEPEKYpCUBHOTO I poBoro rayccockoro ®HY

1 //TIporpamma cuHTE3a HEPEKPCUBHOTO MHUGPPOBOTO PUIBTPA
2/l c nuneitHol @YX 1 rayccoBckoit AUX

3/

4 //BBOJ MCXOAHBIX TAaHHBIX

5 fNg=0.05; //HopmupoBaHHas rpaHHYHAs 4acTOTa PUIBTPA

6 sigma=sqrt(2); /HepaBHOMepHOCTH, AUX B moJi0Ce MPOMyCKaHUS (sqrt(2)=\/§)
7 delta_m=-40 ; //MakcuManbHbIi YpPOBEHbD Iyibcaluii B 1b

8 K0=10; //TlonoBrHA IJIWHBI TUHUH 3aECPKKHU

91/

10 // ®ynkuwms, onuceiBarotias Tpedyemyro AUX ¢uibTpa B uHTEpBaje
11 // nopmupoBannbix gactoT oT 0 10 0.5

12 function u=K(fN), u=exp(-log(sigma)*(fN/fNg)"2)

13 endfunction;

14 // ®ynkuwms, onuceiBarotias Tpedyemyro AUX uibTpa B uHTEpBaje
15 // nopmupoBanusix yactoT ot 0 g0 0.5, 3anannyto B 1b

16 function ul=KdB(fN),

17 if K(fN)>107-10 then ul=20*log10(K(fN))

18 else ul=-200

19 end

20 endfunction

21 delta_{=0.0001 //I1Iar n3MeHeHNss HOPMUPOBAHHOM YaCTOTHI

22 I=ceil(0.5/delta_f)// KonmnyecTBO pacueTHbIX Touek AUX

23 i=[1:I+1] // MaccuB HOMEpPOB paCcYETHBIX TOUEK

24 fN=(i-1)*delta_f // MaccuB 3Ha4eHHi1 yacTOT npu pacuere AUX

25 y=zeros(1:1+1); // Obnynenune maccuBoB y u y1

26 yl=zeros(1:1+1);

27 fori=1:1+1 // ®opmupoBanue maccuBoB 3HaueHUil AUX B pacueTHBIX
28 /l Toukax

29 y(i)=K(delta_f*(i-1))

30 yl(i)=KdB(delta_f*(i-1))

31 end;

32 clf()// Ouuctka rpaduueckoro okHa nepes Bbaadei rpagukoB

33 // Tloctpoenue rpaduka Tpedyemoit AUX B OTHOCHUTENEHOM MaciiTabe
34 subplot(221)

35 xtitle("Tpebyemas AUX ¢pumbrpa”, "fN","K(fN )" )

36 plot(fN,y,"k")

37 xgrid(3)

38 // Iloctpoenue rpaduka Tpedyemoit AUX B nb

39 subplot(222)

40 xtitle("Tpebyemast AUX ¢unbrpa B 1b", "f N","K 1 (f N )) dB")

41 plot(fN,yl,"k")

42 xgrid(3)

437/

44 //®opmupoBaHue MaccuBa KO3(PPHUIIMEHTOB CUCTEMHON (HYHKIMH (UIBTPa
45 b0=2*intg(0,0.5,K)// Pacuet ko3 Purmenta BO

46 b=zeros(1:K0)

47 function w=KC(FN, k), w=K(FN)*cos(2*%pi*k*FN),

48 endfunction
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49 for k=1:K0

50 b(k)=2*intg(0,0.5,KC)

51 end

52 /1

53 //KomrnekcHbIN KO3 UIMEHT nepenadn

54 function v=Kk(FN)

55 v=b0

56 for k=1:K0

57  v=v+2*b(k)*cos(2*%pi*k*FN)

58 end

59 v=v*%e(-%1*2*%pi*KO*FN)

60 endfunction

61//

62 // Pacuer AUX u ®UX dunbTpa

63 KOdB=zeros(1:1+1)// O6nyneHne maccuBa OTCYETOB peanbHoi AUX
64 fi=zeros(1:I+1)// O6nynenue maccuba orcyeToB DUX

65 for i=1:1+1 // ®opmupoBanue maccuBa 0TCueTOB peanbHoi AUX
66 FN=(i-1)*delta_f

67 if abs(Kk(FN))>107-10 then KOdB(i)=20*log10(abs(Kk(FN)))

68 else KOdB(1)=-200

69 end

70  fi(i)=atand(imag(Kk(FN)),real(Kk(FN)))

71 end

72 I/ Tpapuxk AUX

73 subplot(223)

74 xtitle("Paccuntannas AUX ¢unstpa B 1b", "f N","K 0dB (fN)")
75 plot(fN,KO0dB,"k")

76 xgrid(3)

77 /Tpadpux ®UX

78 subplot(224)

79 xtitle("®UYX ¢unbTpa B rpagycax”, "f N","Angle ( f N ) B rpagycax" )
80 plot(fN,fi,"k")

81 xgrid(3)

82 disp(b0) // Beimaua B kKOMaHIHOM OKHE 3Ha4YeHHs KodddummerTa b0

83 disp(b) // Beimaua B koMaHIHOM OKHE MaccuBa ko3 duimentos bl, b2..
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ITPMJIOXEHUE I
IIporpamma moaenupoBanus mudpororo ®HY npu neiicTBuu Ha €ro BXojie
CUTHAJIA U IOMEXU

1 // llporpamma moaenupoanus mudpooro ®HY npu nefictBum Ha ero BXoje
2 // curHana u momMexu

3 // BBoa UCXOIHBIX TaHHBIX

4 // TlapameTpsl punbTpa

5 KO0=8 // [lonoBuHa AJIWHBI JIMHUH 3aJEPKKU GUIBTPA

6 fNg=0.05 /HopmupoBaHHasi TpaHUYHAS YacTOTa PUIBTPA

7 sigma=sqrt(2) // HepaBHoMepHOCTh AUX B 110JI0CE MPOITYCKAHUS (sqrt(2):\/§ )
8 delta_m=-60 //MakcumanbHBI YPOBEHb MyJbcallkii B 1b
9 // IlapameTpsl curHana

10 n0=20 // Konn4ecTBO OTCUYETOB B AJIEMEHTAPHOU MOCHIIIKE
11 // nepenaBaeMoro NeEpBUYHOrO CUrHAJIa

12 // IlapameTpbl mOMexXHu

13 Xp=2 // AMnutyzaa nomexu

14 fNp=0.2

15 nmax=10*n0 // MakcumanbHbIi HOMEp OTCUeTa

16 // ®ynkuwms, onuceiBaroias Tpedyemyro AUX ¢uibTpa B uHTEpBaje
17 // nopmupoansbix gactoT oT 0 10 0.5

18 function u=K(fN), u=exp(-log(sigma)*(fN/fNg)*2)

19 endfunction;

20 b0=2*intg(0,0.5,K) // Pacuet ko3¢ punmenta BO

21 function w=KC(fN, k), w=2*K(fN)*cos(2*%pi*k*fN),
22 endfunction

23 b=zeros(1:K0)

24 for k=1:K0

25 b(k)=intg(0,0.5,KC)

26 end

27 clf()

28 z=0

29 u=0

30 xc=zeros(1:nmax)

31 x0=zeros(1:nmax)

32 y=zeros(1l:nmax)

33 x=zeros(1:2*K0)

34 for n=1:nmax

35  //®opmupoBaHUE CUTHAJIA

36 z=z+1
37  if z==n0 then z=0
38 end

39  if z==0 then
40 if rand(1)< 0.5 then u =-1

41 elseu =1
42 end

43  end

44  xc(n)=u

45 /| ®opmupoBaHuEe CUHYCOUATBHON MOMEXHU
46  xp=Xp*sin(2*%pi*tNp*n)
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47 /I Curnan u momexa Ha BXoae(uibTpa
48  x0(n)=xc(n)+xp
49 //subplot(311)
50 //xtitle("Curnan Ha Bxoae ¢punsTpa”, "n","x c")
51 //plot2d3(n,xc)
52 //subplot(312)
53 //xtitle("Curnan ¢ nomexoit Ha Bxozae ¢uibTpa”, "n","x 0" )
54 //plot2d3(n,x0)
55 y(n)=B0*x(KO)
56 for k=1:KO0-1
57 y(n)=y(n)+B(k)*(x(KO0-k)+x(K0+k))
58 end
59 y(n)=y(n)+B(K0)*(x0(n)+x(2*KO0))
60 //subplot(313)
61  //xtitle("Curnan Ha BeIxoae ¢puibTpa”, "n","y" )
62  //plot2d3(n,y)
63  for k=1:2*KO0-1
64  x(2*KO0+1-k)=x(2*K0-k)

65 end
66 x(1)=x0(n)
67 end

68 n=I:nmax

69 subplot(311)

70 xtitle("Curnan va Bxoae ¢unastpa”, 'n","x c")
71 plot(n,xc)

72 xgrid(3)

73 subplot(312)

74 xtitle("Curnan ¢ momexoi Ha Bxozae ¢uibTpa”, "n","x 0" )
75 plot(n,x0)

76 xgrid(3)

77 subplot(313)

78 xtitle("Curnan Ha Beixonae puiptpa”, "'n","y" )
79 plot(n,y)

80 xgrid(3)



