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1. Ien ocBOEHMS TUCHMIIJIMHBI
Llenpio ocBoeHust aucHMIUIMHBL «OCHOBBI IH(POBON 0OPaOOTKM CHTHAJIOBY» SIBIISCTCS
MOJTrOTOBKA CTYACHTOB 10 BOIPOCAM TEOPHH 00pabOTKM CUTHAJIOB TMCKPETHOTO BPEMEHH.

B nporecce npenonaBanys AUCHMIUIMHBI PEIIAIOTCS CIETYIONINE 3a/1a4H:

— UW3y4eHHe OCHOB (pyHIaMEeHTaJbHON Teopuu LudpoBoil 00padboTku curxanos (LIOC)
BuacTh 0a30BbIX MeTofoB M anroputMoB [[OC, WHBapHMaHTHBIX OTHOCHUTEIHHO
¢u3nUecKoil MpUPOIBl CUTHANA, U BKIIOYAIONIMX B CE0si: MAaTEMaTHYECKOE OMMCAHUE
(MaTeMaTHYeCKHUEe MOJEIHN) IMHEWHBIX AUCKPETHBIX CUCTEM M JUCKPETHBIX CUTHAJIOB,
BKJTI0Yas JUCKpeTHOE U ObIcTpoe npeodpazoBanue Oypne (AP u BI1D);

— W3y4YEeHHE OCHOBHBIX JTAloB HpoeKTupoBaHus nuppoBsix GuibTpoB (L[D); cuntes n
anamm3 L{® n ux MaTemMaTnyeckoe OnMcanue B BUJIE CTPYKTYD;

— H3YyYEHME NIPUHIUIIOB TIOCTPOCHUSI MHOTOCKOPOCTHBIX cucteM 11OC;

— HW3yuYeHHE OCHOB TEOPUH BEUBIET-IIPe0Opa3oBaHus,

— HW3yuYeHHE OCHOB TEOPUH AJaNTUBHON (PUIBTpaluy U(PPOBHIX CUTHAJIOB,

— O3HaKOMJICHHE C 0a30BBIMH BOIIPOCAMU 00PaOOTKU HUPPOBBIX N300paKEHUI,

— HW3y4YeHHE COBPEMEHHBIX CPEACTB KOMIIBIOTEPHOTO MOAETUPOBAHUS 0a30BBIX METOOB
u anroputmoB L{OC.

2. MecTo IMCUMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOIi NPOrpaMMbl

JlaHHasi MUCUMIUIMHA OTHOCUTCA K OO0s3aTesibHOM 4YacTh bioka 1 W BXOIUT B pasuen
«Teoperrueckre 0CHOBBI paaunorexuukn» (51.0.22.03).

JUia u3ydeHus JUCHMIUIMHBI TpeOyeTcsl 3HaHWE OCHOB TEOPHUM CHUTHAJIOB M Ienel
JMCKPETHOT'O BPEMEHH, N3y4aeMbIX B TUCHHUILTHHE «OCHOBBI TEOPHHU IIEeH (4acTh 2)», a TaKKe
MaTemMaTuyeckux KypcoB: «Teopuss (QyHKUUMH KOMIUIEKCHOW mepeMeHHon», «Teopus
BEPOSITHOCTEN U MAaTEMAaTHUYECKasi CTATUCTUKA.

dopmupyemble HaBBIKM B X0Jie OcBoeHHUsi Kypca «OcHOBbI LuppoBoii 00paboTku
CUTHAJIOB)» Ha dTamax JajbHedIiero oOydeHHs MOTryT SBJISATbCS CPEACTBOM BBIIOJIHEHUS
Hay4yHbIX pabor. CreqyeT OTMETUTh AUHAMHKY IOCTOSHHOTO COBEPIICHCTBOBAHHUS CHCTEM
uppoBoii  00pabOTKHM CHUTHAIOB, 4TO TpeOyeT OT IMpolecca NpernojaBaHUs IOCTOSHHOU
TopaboTKU U TiepepaboTKU HEKOTOPBIX Pa3/IeiioB.

B cBoto ouepenp JaHHasAMCUUIUIMHA, TOMUMO CaMOCTOSITEJIBHOTO 3HAYEHUS, SIBISIETCA
BCIIOMOTATeNbHON JUIst IucHUIINH «O0paboTka U nepegaya MyIbTUMEANHHON HHpOpMaun» u
«AnanTtuBHas 00pabOTKa CUTHAJIOBY, a TaKXKe psAJa AUCLHUIUIIMH 10 BBIOOPY.

3. Illlanupyemble  pe3yJbTaTbl  O0y4YeHHs] 1O JMCHUILUIMHE, COOTHECEHHbIe €
IJIAHMPYEMbIMHM pe3yJIbTaTaMH 0CBOEHHUsI 00pa30BaTeIbHON MPOrpaMMblI

[Tporiecc wm3yueHWs AUCHUIUIMHBI HampaBieH Ha (OPMHUPOBAHME CIEAYIOLUIMX 3JIEMEHTOB
komneteHMi B coorBerctBur ¢ ®I'OC BO, OIl BO u npuoOpereHus cienyromux 3HAHUH,
YMEHUH, HaBBIKOB U (WJIM) OIBITA 1A TEbHOCTH:

Nuauxaro
dopmupyemas A P
JOCTHKEHHS
KOMIIeTeHIIUsI Ilepeuenb
KOMIETEeHIINH
(xon u (k0 1 IUIAHUPYEMBIX Pe3yJIbTATOB 00yYeHHs
¢opmymposka)
(hopmyMpoBKa)
Oo6menpodgeccuoHaIbHbIE KOMNETEHITHN
OIIK-1. NJI-OI1K-1.2 3HaTh:
Cnocoben [Mpumensier — METOJbI MaTEeMaTHYECKOTO ONHMCAHUS JMHEWHBIX
HCIIOJIb30BATh MaTeMaTHYeCKUM MUCKPETHBIX CHCTEM,
MOJIOKECHM S, 3aKOHBI aHHapaT’ — OCHOBHBIC OJOTalbl IPOCKTUPOBAHUA HI/I(prBLIX
A METOIBI busnUecKre 3aKOHbBI rbTpOB;
— OCHOBHBIC METOJIbI CHHTE€3a W aHAJIN3a YaCTOTHO-
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€CTECTBEHHBIX HayK
Y MaTE€MaTUKH JJIs1
peleHus 3aaau
VHKEHEPHOU
JESITEIIbHOCTH

Y TEOPUU VIS
peleHust
IIPUKJIAJHBIX U
TEOPETUUYECKUX 3a]1a4

n30MpaTeNbHBIX TU(POBHIX PUILTPOB;

METOJBl MaTeMAaTHYECKOTO OMMHCAHUS IU(PPOBBIX
(UIBTPOB B BUJIE CTPYKTYPHI;

METOJ MaTeMaTHYEeCKOTO OIMCAHUS TUCKPETHBIX
CUTHAJIOB c MOMOIIBIO JUCKPETHOTO
npeobpaszoBanus Oypee;

anropuTMBI OBICTpOTO TIpeodpazoBanus Dypee;
MPHHIUITEI TIOCTPOCHUSI CHCTEM WHTEPIIOINSINHA U
JEeIIMAaIInH, a Takke 0aHKOB (DHITETPOB,;

OCHOBBI TCOPHH BEHBIIET-TIPe0Opa3OBaHHS,
OCHOBBI TEOPUH ATANITUBHON (DUITBTPAIUH;
0a30BbIC IEMEHTHI TEOPHH ITUGPOBOH 00pabOTKH
H300paKCHHMN.

YMmerThb:

OOBSICHATh MAaTEMaTHYECKOE OMMCAHHUE JIMHEHHBIX
JUCKPETHBIX CUCTEM B BUJIE aJITOPUTMOB,;
BBIIIOJTHATH ~ KOMITBIOTEPHOE  MOJCITHUPOBAHHUE
JWHEHHBIX IUCKPETHBIX CHCTEM Ha OCHOBE HX
MaTeMaTHYeCKOTO OTIMCaHMUS;

3a1aBaThb TpeOOBaHUS K YaCTOTHBIM
XapaKTePUCTUKAM TU(PPOBBIX (UIBTPOB;
00OCHOBBIBATh BHIOOP THIA LU(PPOBOTO GHUIBTPA,
KUX- nnu BUX-¢punbtpa,

CUHTE3UpPOBATh QpoBoit bubTp
Y aHAJIM3UPOBATh ero XapaKTepUCTUKU
CpeAcTBaMH KOMIIBIOTEPHOT'O MOJEIUPOBAHUS,
00OCHOBBIBaTh BBIOOP CTPYKTYpPHI IH(POBOTO
(bunbTpa;

BBIUKCIIATH 1D JIUCKPETHOTO CHUTHAJIa
c moMouipto  anroputmMoB  BII®  cpeactBamu
KOMIIBIOTEPHOT'0 MOJETUPOBAHUS,

OOBSICHATh  NPUHLUUIBI  IOCTPOEHHUS  CHUCTEM
HHTEPHOJSILMN ¥ ACUUMAaluh, a TaKkke OaHKOB
(GuUIbTPOB;

OOBSICHATh TPHHIUIBI [TOCTPOCHUS CHCTEM Ha
O0a3ze  BelBieT-ipeoOpa3oBaHUs HW  TEOPUHU
a1IalTUBHOM (QMIIBTPALH.

Bnaners HaBbIKAMU:

MIOCTPOCHHMSI, aHATIM3a 1 KOMITBIOTEPHOTO
MOJIETTUPOBAHUS CHCTEM MU(DPOBOH 00pabOTKH
CUTHAJIOB.




4. O0bém, CTPYKTYpa U coepsKaHue TUCHUTIIHHBI

OO6mast TpyA0EMKOCTh TUCIUTIINHBI COCTaBIsAeT 3 3a4€T. ef., 108 akan. vac.

Ne Tembl (pa3aesnbl) Bunsbl yueOHbIX 3aHATHI, DopMBbI TEKYLIEr0
n/n AUCHMILTHHBI, BKJIIOYASI CAMOCTOSITE/ILHYIO KOHTPOJIsA
HX coJep:KaHue patoTy CTyAeHTOB, ycrneBaemMocTH
H MX TPYI0EMKOCTH
(B akaileMUYeCKHX Yacax) dopma
= KonTtakTHasi paboTa NPOMEsKYTOUHOM
3 5 aTTrecTanuu
= o 0 = | & z (no cemecmpam)
=| 2| 9| g =8 5 Lé ®opmb1 DO u 10T
QE E § % s 2 § <9 (npu nanuvuu)
=lg| 5|27 2
= = x g Q

1 |[Beenenue B kypc «OCHOBBI 5 3 2,7 |TectupoBaHue
¢ poBoit 06paboTKH
CHTHAJIOBY»

2 |duckperHoe 5 3 0,5 4 |TectupoBanue, 3a1aHue
npeobpazoBanne Dypse. JUTSL CAMOCTOSITEIIHHOM
BbricTpoe mpeobpazoBanue paboThI
Dypbe

3 |OkoHHOE IpeoOpa3zoBaHue 5 2 0,5 4 |TectupoBanue
Dypbe

4 |BBenenwue B I(ppOBBIC 5 2 0,5 4 |TectupoBanue
GUIBTPHI

5 |CrnenuanbHbIC THITBI 5 6 3 105 5 |TectupoBanue, 3aganue
IUQPOBBIX PUIBTPOB JUTSL CaMOCTOSITENIbHOM

paboTHI

6 |Cunre3 KUX-dpunsrpos 5 4 2 |05 5 |3amanue

JUISL CAaMOCTOSITEIbHOU
paboTHI

7 |Cunre3 BUX-dunsrpos 5 4 3 105 5 |3amanue

JUISL CAaMOCTOSITEIIbHOM
paboThI

8 |WHTeprionsanus, nenuMarus 5 4 3 105 5 |3agmanue
1 0aHKU QHUIBTPOB JUISL CAMOCTOSITEIIBHOM

paboThI

9 |Teopus BeiiBneT- 5 2 3 105 5 |VcrHbli onpoc
npeoOpa3oBaHus

10 |Teopwust aganTuBHOI 5 2 3 105 7 |YcrHBIN onpoc
bunbTpanyn

11 |@unpTpanus U yIydiieHue 5 2 0,5 5 |YcTHBIH ompoc
n300pakeHn i
(ommmoHaNBHO)

IIpomMerxxyrouHas arrectaiysi | 5 0,3 3auér
HUTOro 5 | 34 17 | 5 | 03] 517
¢ mom uuciae ¢ 30 u ;10T




Conep:xanue pa3iesi0B M CHUILTAHBI

Tema Ne 1
Beenenue B kypc «OcHOBBI ITU(POBOI 0OPaOOTKH CUTHATIOBY

Yro Takoe curHan? dOyHaaMeHTaIbHbIE KOHLENUUU B LU(POBOM 00pabOTKE CUIHAJIOB.
Xpanenue, oOpaborka u mepegaya uuppoBbIX curHanoB. llepemaya curHajaoB depes
TpaHCaTIAaHTHYEeCKUH Kabenb Mexay EBpomnoit m Amepukoii. CHUTHaIbl TUCKPETHOTO BPEMEHHU
U uX npuMepbl. CUTHaJIBI KOHEYHOH M OECKOHEYHO JJIMHBI, IEPHOAMYECKIE U HENEPUOIUIECKUe
CUTHaJIbI. DJIEMEHTapHbIE ONEPaTOphl, UCIOJIb3yeMble NMPU 00pabOTKE CUIHAJIOB JUCKPETHOIO
BpeMEHHU. DHEpPrus U MOLIHOCTh. Pa3HMIAa MexXIy «unu(poBOi» U «aHAJIOTOBOW» YaCTOTAMHU.
Bocnpounssenenue 3Byka Ha NepCcOHaIbHOM KommbroTepe. OCHOBHBIE «CTPOMTENbHBIE» OIOKU
cucteM nudpoBoii 06paboTKH CUTHAIOB (CyMMaTOp, YMHOKHUTENb, 3a/iepxkKa). [Ipumepsr cxem,
IOCTPOCHHBIX U3 OJ0KOB 1P poBOi 00padboTKu curHanos. Anroput™ Kapminyca—Crponra.

Tema Ne 2
Huckpernoe npeobpazoBanue Dypoe. brictpoe npeodbpazoBanue Oypoe

Uro Takoe cnektp? Ocmmuisauuu B pupoje. Bocnpusarure okpykarIiero mpocTpaHcTBa
YeJOBEYECKMM YXOM U IJla3oM. Pa3iokeHue CcHUrHaja 1o IapMOHHUYECKUM KOMIIOHEHTaM.
[TocnenoBarenbHOCTH KOHEYHOH JUIMHBI, JAUCKpeTHoe mpeoOpasoBanue @Dypne. Pasmerka
4acTOTHOW ocu. CHHTE3 CUTHAJIOB U TEHEpPAToOp CUHYCOMIbl. BpokaeHHas NepruOJUYHOCTb
IUCKpeTHOro TmpeoOpazoBanus Dypbe, mauckpetHbiii psg Dypwe. IlocnemoBaTenbHOCTH
OecKOHeUHOW UIMHBI (Hemepuoauueckue), npeodpaszoBaHue @Dypbe TUCKPETHOTO BPEMEHHU.
Oo6mas unest OeicTporo npeodpazoBanus Dypoe. Anroput™ ObicTporo npeobdpasoBanus Dypre
C OCHOBaHHUEM 2 C IIPOPEKUBAHUEM I10 BpeMEeHU. ANropuT™M OblcTporo npeodpazoBanus Oypre
C OCHOBAHHMEM 2 C MPOPEKUBAHUEM I10 YACTOTE.

Tema Ne 3
OxonHoe npeodpazoBanue Dypre

OOmast uzaes OKOHHOro mnpeoOpasoBanusi @Pypbe. Bormpocsl, BO3HUKalOLIME NpU
UCIIOJIb30BaHUU OKOHHOro mnpeoOpa3oBanusi @Dypbe. CnekrporpamMma U €€ pa3MeTKa.
Hcnonb3oBaHue OKOHHBIX (YHKIMHA pa3HOW [iuHBL JlekoaupoBaHUE ABYXTOHAJIHHOIO
MHOTOYaCTOTHOTO CUTHaJla, OaHK (DUIBTPOB, CUHTE3 IOJIOCOBBIX (PUIBTPOB C MCIOJIb30BAHUEM
METO/Ia pa3MEILEHUS HYJIEH U MTOJIFOCOB.

Tema Ne 4
Beenenue B iu¢poBbie GUIBTPHI

OO01ue nonoXeHus, MaTeMaTUYeCcKuil anmnapar, kiaccupukauuu HUGpoBbIX (UIBTPOB.
BUX- u KUX-punpTtpe! (locTouHCTBa U HepocTaTtku). CBepTka (mepuoandeckas M JIMHEHHas,
cBoiictBa cBepTku). Ilepematounas ¢ynkums, AUYX, ®UX, umnyiabcHas XapaKTepUCTHKA,
NEPEXO0IHAsl XapaKTEepPUCTHKA.

Omnpenenenue udpoBOTro PUIHTPa B MHUPOKOM U y3KOM cMbIcie. CrtocoObl peann3ainnu
mdpoBbix ¢GuiIbTpoB. Ilpomecc mpoexktupoBanus HUQPoBbIX GuiIbTpoB. CrocoObl 3aaaHUsA
TpeOoBaHUl K IUGPOBHIM PHIILTPaM.



Tema Ne 5
CrnennanbHbIe TUTIBI TUPPOBHIX GUIHTPOB

I'pynmoBast  3aaepxkka, ¢aszoBas 3anepxkka. KUX-¢unetper ¢ numaeHol OUX
(10Ka3aTeNbCTBO CUMMETPUYHOCTH U AHTHCUMMETPUYHOCTH HMITYJILCHOM XapaKTepUCTHUKHU
s crydass KUX-punbtpoB ¢ nuaeiHon PUX, dwibrpel Thma 1, Tuna 2, tumna 3, tumna 4,
WX IOCTOMHCTBA M HEIOCTaTKH, pacnoyiokeHune Hyner KUX-GunbTpoB ¢ nuHEHHON (a3oii).
Bcemnponyckatonue  GuinbTpsl, HMX CBOWCTBAa M INpUMEHeHHe. MUHHMaIbHO-(a30BbIe
¥ MaKCUMaJIbHO-(a30Bbie cucTeMbl. CHCTEMBI ¢ 00pPaTHOM CBA3BIO.

Tema Ne 6
Cunrte3 KUX-dunsTpos

TpebGoBanusi, npeabsBiIsgeMble IPU CUHTE3€ 4acTOTHO-U30uparenbHbx KUX-puaptpos
(®HY, ©BY, 1O, PD). Metoast cunteza KUX-hpunbTpoB (METOJ OKOH, METOJ YaCTOTHOM
BbIOOpKH, MeTol [lapkca-MakkienaHa).

Cunte3 KUX-punptpoB MeTooM okoH (00mast GpopMylIupoBKa, OINpEesieHHEe OKHa,
JTalbl CUHTE3a, siBiieHue ['nb06ca, o01ime cBOMCTBA U XapaKTEPUCTUKU OKOH, IPUMEPbl OKOHHBIX
GyHKUMMA, JOCTOMHCTBA U HemocTaTku Meroaa). OnrtumanbHoe okHO Kaiizepa (CyTh
ONTUMAJILHOCTH, ITaPaMETPBl, ONPEIEIIAIOLIIE OKHO).

[TocraHoBKa 3amaud ONTHMAIBHOTO CHHTe3a. Mepa Onm3octu. YeObméBckas mepa
6nuzoctu. CpeaHekBaapatuueckas mepa Onmu3ocTH. OCHOBHBIE 3Talbl ONTHUMAIbHOIO CHHTE3a
mupoBeix  ¢mwibTpoB. Cuntes KUX-punbrpoB wMeromom [lapkca-Maxkkinemnana (oOrmas
dopMynupoBKa MeToJa, TeopeMa 4YepeloBaHMs, AITOPUTM 3aMeHbl Pemesa, nocToMHCTBA U
Henoctatku anroputma [lapkca-Maxkkiennana).

Tema Ne 7
Cunre3 BUX-dunbpTpoB

Meroasl cuHTe3a BUX-unbrpoB (cuHTe3 BUX-GUIbTpoB Ha OCHOBE aHAJIOTOBBIX
¢unbTpoB npotoTHnoB M cuHTe3 bBUX-punstpoB B mudposoit obsactu). CrnocoObl 3agaHus
cneunukanuit st cuate3a bBUX-punbtpos.

Amnanorossle ¢puiabTpbl npoTotunibl. unetp barTepBopra (kBagpat AUX, nepenarouHas
(GyHKLUSA, HYIH M IOJIOCA, YacTOTa cpe3a M ee HaxoXKAeHue yepe3 crneuudukanuu Gpuibtpa,
JTambl CHHTE3a (UIbTpa, BBIBOJ (POPMYJbl Ha BBIYMCIEHUE MOpsaka QuibTpa). OUIbTpbI
YeOpmméBa Ttumal u THma 2 (monmuHoMbl YeOblméBa W WX CBOMcTBa, kBaapaT AUX,
nepenaToyHas (QyHKIUS, HYJIM M TOJIOCA, YacTOTa Cpe3a, 3Talbl CHHTE3a (UIbTPA, BBIBOJ
dopMynbl Ha BBIYMCICHME TOpsaKa GWIbTpa). OUIMOTHYECKUN (GuabTp uiau  QuibTp
3onotapeBa-Kayspa (ammuntuueckne ¢yHkuuu ko6 u ux cBoiicTBa, kBaapat AUX, cyTs
ONTUMAJILHOCTH (UIIBTPa, GopMyia sl BHIYMCIECHUS TOpsIKa GUIIBTPA).

Cunre3 BUX-punbTpoB Ha OCHOBE aHAJOroBbIX (GMIBTPOB NpoTOTUIOB. (CBOMCTBA
oToOpakeHHsI, MpPeoOpa3OBHIBAIOIIETO AaHAJIOrOBbIM (uiabTp B 1MdpoBoi. /[IBa crmocoOb
nepexosna ot anaimorooro ®HY k xemaemoMy u1u(pPOBOMY, YacTOTHO-U30UpATEILHOMY
¢wieTpy: ®HY, OBY, 11D, PO. Meron HHBApHAHTHOrO MPeoOpa3OBaHMsS HMMITYJIbCHON
XapaKTepUCTHKH (0011as GopMyInpOBKa).

bununeiinoe z-npeoOpa3oBanue (obmast GpopMyIHpoBKa, rpaduueckas HHTEpIpeTaLus,
KoHpOpMHOE OTOOpakeHHE, CBOWCTBA, COOTHOIICHHE MEXAY YaCTOTHBIMH IIKaJaMu
aHaJIOTOBOTO M LU(POBOro (pUILTPOB, JOCTOMHCTBA M HEJOCTAaTKHM METOJ]a, dTalbl CHHTE3a
1upoBoro GuiIbTpa Ha OCHOBE JAHHOTO METO/1A).

Cunte3 BUX-punbTpoB B 1udpoBoit obaactu. Metoa pa3MerieHus: Hyleid U MOJI0COB
(obmas popmynupoBKa, JOCTOMHCTBA U HEJOCTAaTKU, IPUMEP CHHTE3a HUPpPoBOro ¢puibTpa Ha
OCHOBE JJAaHHOTO METO/a).



Tema Ne 8
WNuTtepnonsmus, neuumarnus 1 6aHKu GUIBTPOB

Meroasl M3MEHEHHsI 4acTOThl AUCKpeTu3auuu. llenm genmManuu ¢ UEIOYMCICHHBIM
koopduuuentom M. IIpoexktupoBaHue u peanuzanus aenumaropa. Llemm wHTepmomauuu c
nenovyrcieHHsM Kodduientom L. IlpoextupoBanue u peanusanust uHTepronsropa. Llemnu
npeoOpa30BaHus YaCTOTHI C paliMoHaIbHBIM K03 duitnernrom L/M.

MHuorockopocTHble TOXxAecTBa. banku QuibtpoB. PaBHOMepHbIlt OaHK (uUIbTPOB. L-
nonocHeld KUX-¢punbtp. JIByxkaHanpHbId OaHK (UIBTPOB (CTPYKTYpHash CXeMa, BBIBOJ
YCIIOBUSI TOYHOTO BOCCTAHOBIICHUS).

Tema Ne 9
Teopus BeiBiIeT-NMpeoOpa3zoBaHuUs

OcHOBHBIE IIPOOJIEMBl MPAKTHYECKOI'O HCIHOJIb30BaHUA IpeoOpa3zoBaHus Dypoe.
Onpenenenne  BeiBiera.  Iloctpoenume — BeiiBner-Oasuca.  HempepsiBHOe — BelBIeT-
npeoOpa3oBanue. JluagHoe BeiiBieT-npeoOpazoBanue. OCHOBHBIE TNPU3HAKU — BeHBIeTa.
OcHOBHBIE CBOWCTBa BelBIEeT-aHamu3a. J(MCKpeTHOE BEHBIET-IPeOoOpa3oOBaHUE M €ro CBs3b C
KpaTHOMacUITaOHBIM aHaiau30oM. Macmrabupyromas ¢QyHkuus. BeiiBner-gynkuus. beictpoe
BeliBieT-npeoOpazoBanmne. YacTOTHBIA MMOAXOJ K BBIIOJHEHUIO BEWUBIET-IPEOOpa30OBaHUS
(anroput™m Maina). Wneonorus nocTpoeHus airopurMa (GUIbTpalM Ha OCHOBE BEWBIET-
npeoOpazoBaHus (OCHOBHBIE ATAlbl U IAPAMETPHI).

Tema Ne 10
Teopus aganTuBHON QHIIbTpAIIUN

AnantuBHbld QuibTp. OCHOBHBIE KOMIIOHEHTHI, BXOJIAIIUE B COCTaB aJallTUBHOTO
¢unpTpa. AJTOPUTM OBICTPEHIIETO CIyCKa. ATaNTUBHBIN aJITOPUTM HAWMEHBIIUX KBAaJAPaTOB U
€ro CXOAMMOCTh. [IOBEpPXHOCTh MPOW3BOAMTENLHOCTU. [IprMephl NPHIOKEHHUH aJanTHBHON
00pabOTKM CUTHAIOB (337a4a CUCTEMHOHN HIEHTH(HKAWK, 33/1a49a TOAaBICHHS Y3KOTIOJIOCHOK
MIOMEXH B IIMPOKOIIOJIOCHOM CUTHAJIEC, 3a/1a4a MOJIaBJICHHUS IIIUPOKOIIOIOCHON TIOMEXH Ha OCHOBE
aJIaTUBHOT'O CAMOHACTPANBAIOIIETOCS PUITBTPA).

Tema Ne 11
OunpTpanys U yaydiieHue n300paxeHui (OMIHnOHAIBHO)

OO6paboTka M300pakeHuil. YiydileHue U BOCCTaHOBIeHUE H3o00paxeHuil. Ludposoe
nzoOpaxenue kak QyHkuus. [louemy uzoOpaxeHHe MOXKET MNOIYyYUThCs IU0Xo? ToHOBOE
pacripesielieHle U IpaJallioHHble MpeoOpa3oBanus. OunbTpanus nzodpaxeHuil. Buasl nrymos.
Macka u Beca. Kpocc-koppemsus u cBeptka. Henuneitnast ¢unprpanus. Mennanusiii Guiabtp.
Jletanu peanusanuy Kpocc-KOPPENISLUU U CBEPTKH.

[IpeoOpazoBanue @Dypne. basucuble QyHknuu mnpeodpasoBanus Pypwe. [luckperHoe
npeoOpaszoBanue Pypbe u ero odpamienne. MupopmatuBHOCTh (a3bl U aMITUTYAbL. Teopema o
CBEpTKE U (PUIbTpaLMsl B YACTOTHOU 00JIaCTH.

Cnncok J1abopaTopHbIX padoT

Cunres unugpossix KUX-puinbTpoB METOA0M OKOH.

Cunte3 nudposbix BUX-GpunsTpoB MeTo10M OUITMHEHHOTO Z-TIpeoOpa30BaHMUsL.
Cunre3 ontTuMmanbsHbIX 10 YeobiméBy KU X-puibtpos.

MHuorockopocTHas 1uppoBas 00paboTKa CUTHAIIOB.

O06paboTka CUTHAJIOB HA OCHOBE BEUBIIET-TIPEOOPa30OBaAHHS.

[TpumeHeHue afanTUBHON (UIBTpALK B 00paboTKe U(PPOBBIX CUTHAJIOB.

oL E



5. O0pa3oBaTe/IbHbIe TEXHOJOIHH, B TOM 4YHCJIe TEXHOJOIMH 3JIEKTPOHHOro o0y4eHHs W
AUCTAHIMOHHBbIE 00pa3oBaTe/bHbIC TEXHOJIOTMH, HCIOJb3yeMble NPH OCYIIeCTBJICHHHU
00pa3oBaTeIbHOIO NMpoLecca M0 JUCHUILIHHE

B mpouecce 00y4deHHsT COOTBETCTBYIOIICH IUCHMIUIMHE HCHOJIB3YIOTCS CIETYIOIIUe
00pa3oBaTeNIbHbIE TEXHOJIOTHHU:

BBoaHasi JIeKIMA — JAaCT IIEPBOE  LEJIOCTHOE IMPEACTaBICHUE O  AUCLUIUIMHE
Y OPUEHTHUPYET CTYIEHTAa B CHCTEME M3Y4YCHMs NAHHOM AMCUMILIMHBL. CTYyAEHTHI 3HAKOMSATCS
C Ha3HAYEHHWEM WU 3aJa4aMM Kypca, €ro poJIbl0 U MECTOM B CUCTEME YYEOHBIX IUCLUIUIMH
U B CUCTEME IOArOTOBKM B LiejoM. JlaeTcst kpaTkuil 0030p Kypca, UCTOpUS pa3BUTHS HAyKU
U MIPAaKTHKH, JOCTIKEHHS B OTOM cdepe, HMEHAa M3BECTHBIX YYCHBIX, H3JIaraloTcs
NIEPCIIEKTUBHBIC HANPABICHUS HccaenoBaHuil. Ha 3ToM JIEKIMKM BBICKA3bIBAIOTCA METOIUYECKUE
U OpraHU3alMOHHBIE OCOOEHHOCTH PAa0OTHI B paMKax JaHHOM IUCLMIUIMHBL, a TAKKE JAeTCs
aHaJIu3 PEKOMEHIyeMOH yuyeOHO-METOJMUECKOM JIUTEPaATypHl.

AxkaneMuyeckasi JeKUus (WK JEKIUs 00IIEro Kypca) — MoClIeA0BaTeIbHOE U3II0KEHHE
MaTepuanga, OCYILIECTBISIEMOE IPEHMYILECTBEHHO B BHJE MOHOJOra IIpenojaBaTels.
TpeboBaHus K aKaJeMHUYECKOH JIEKIUU: COBPEMEHHBIH HAYYHBIH YPOBEHb M HACBHIIICHHAsS
UHPOPMATUBHOCTh, YyOeIuTeldbHAas apryMeHTalus, JOCTYHNHass W IOHSATHas pedb, YeTKas
CTPYKTypa U JIOTMKa, HAJIWYUE SPKUX [PUMEPOB, HAYUHBIX JI0Ka3aTeJIbCTB, OOOCHOBAaHUH,
(bakToB.

JlabopaTtopHoe  3aHfiTHe —3aHSTHE,  HANPaBJIEHHOE HAa  SKCIEPUMEHTAJIBLHOE
IIOTBEPKICHUE TEOPETUYECKUX TTOJIOKECHUMN.

KoHcyabraumsa — 3aHiATHE Iepel NPOBEICHHUEM 3adeTa, Ha KOTOPOM IIPOBOAMTCS
KOHCYJIFTUPOBaHME 10 U3YYEHHOMY MaTepuaiy, GopmMaM 3alaHuil UTOrOBOrO KOHTPOJIS, OTBEThI
Ha BOIIPOCHI CTYJICHTOB 110 TUCLMILIAHE.

6. [lepeyeHb JHIEH3HOHHOT0 W (WJIH) CBOOOIHO PACHPOCTPAHSIEMOr0 MPOrPaMMHOIO
ol0ecrieyeHusi, MCNOJb3yeMOro IPH OCYLIEeCTBJIEHUM O00pPa30BaTeJLHOIO Ipolecca o
AUCHUILINHE

B mpomecce ocymecTBieHHs —00pa3oBaTENBHOrO  Tpolecca MO  AUCHUIUIAHE
HCIIOJIBb3YOTCSA:

JJIA q)OpMI/IPOBaHI/H[ MaTCpUaJIOB JJIA TCKYILICTO KOHTPOJIA YCIIEBACMOCTU U IMPOBCACHUA
MIPOMEKYTOUHOM aTTecTaIuu, Uit GOPpMUPOBAHUS METOAMUECKUX MAaTEPUATIOB MO TUCIUILIAHE:

- mporpammel Microsoft Office;

- Adobe Acrobat Reader.

7. IlepeyeHb COBpPeMEHHBIX MNPO(ECCHOHAIBHBIX 0a3 [JaHHBIX U HHGOPMALMOHHBIX
CIIPABOYHBIX CHCTEM, MCI0JIb3YyeMbIX NPHU OCYLIeCTBJIeHUN 00pa30BaTeIbHOIO Mpoiecca 1no
AUCHHILINHE (IPH He00X0AMMOCTH)

B mpouecce ocymectBieHuss o0Opa3oBaTeNbHOrO  Ipolecca MO  JUCHUIUIMHE
WCIIOJIB3YIOTCS:

ABTOMAaTH3UpPOBaHHAs O61OIMOTEeYHO-UH(OPMAITMOHHAS cucremMa «bYKU-
NEXT»http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

8. [lepeyeHb OCHOBHOI ¥  [ONOJHHUTEJbHOH Yy4yeOHOW JHMTepaTypbl, pecypcoB
HH(POPMANMOHHO-TEIEKOMMYHUKAIIMOHHOH ceTH «UHTepHeT» (MPH HE00XO0AMMOCTH),
PEKOMEHyeMBbIX /ISl 0CBOCHHS IHCUHUILIHHbI

a) OCHOBHasI JIUTEpPaTypa
1. bproxanos 10. A., Tlpuopos A.JI., JIxwuran B. U., Xpsmes B. B. OcHoBbl 11udpoBoit
00paboTKM cUTHANIOB: yuel. mocodue. — Spocnasns: SApl'Y, 2013. — 343 c.


http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

2. Ilpuopos A. JI., Bonoxos B. A., JlaBpentheB A. M. OcHOBBI IH()POBOIT 00pabOTKH CUTHAJIOB.
JlaGopaTopubpiii  mpakTHKyMm:  y4e6. mocobme. —  SpocmaBns: BYHI[ BBC
«BBA um. npodeccopa H. E. XKykosckoro u FO. A. I'arapuna» (punman), 2012.— 195 c.

0) 1OMOJIHUTE/IbHAS JIUTEepaTypa

1. TapakanoB A. H., Xpsmes B. B., IlpuopoB A.JI. AnantuBHas uudpoBas o0paboTKa
curHanoB: yue0. mocobue. — Apocmasne: Apl'Y, 2001. — 134 c. [DnexTpoHHBIA pecypce]. -
URL: http://www.lib.uniyar.ac.ru/edocs/iuni/20010738.pdf

2. bproxanos 0. A., Ilpuopos A. JI. Ludpobie ¢unsTpel: yued. mocobue. — SpocnaBis:
Apl'Y, 2002.— 287 c.

3. bproxanos 0. A. Iludposbie nenu u curaaisl: yued. nocodue. 2-¢ u3a. — Apocnasis: Apl'Y,
2005.— 153 c.

4. bproxanos 0. A. JlabGopaTopHsblii npakTHKyM 10 Kypey «LludpoBblie 1ienu u curHansi»: y4eo.
nocobue, 2-¢ u3a. — Apocnasnb: Apl'Y, 2007.— 139 c.

5. Xpsmes B. B., Ilpuopos A. JI., Bonoxos B. A. OcHOBBI Teopuu Iieneii: COOpPHUK 3aaad. —
Spocnasas: Apl'Y, 2008. — 119 c.

B) pecypcbl cetn «UHTEpHET» !
1. DnexrponHas 6nbaHOTEKa yueOHbIX MaTepuanos Spl'yY
(http://www.lib.uniyar.ac.ru/opac/bk cat find.php).

9. MarepuajibHO-TeXHUYeCKas 0a3a, HeOOXOAUMAS VISl OCYIIeCTBJIECHUS 00pPa30BaTeIbLHOI0
npoiuecca no AMCUMIINHE
MartepuanbHo-TeXHUUYECKask 06a3a, HeoOXoauMas sl OCYILECTBICHHUS 00pa30BaTEIbHOIO
npoiiecca 1o AUCIUIUIMHE BKIIOYAET B CBOM COCTAB CIEIUATbHBIC TOMEIIECHUS:
— y4eOHbIe ayAUTOPUHU IS IPOBEICHUS 3aHATUH JIEKIIHOHHOTO THUIIA;
— y4eOHbIe ayAUTOPUHU I IPOBEICHUS J1a0OPATOPHBIX padoT;
— yueOHBIC ayUTOPUHU ISl MPOBECHUS IPYIIIOBBIX U UHIMBUIYAIbHBIX KOHCYJIbTAIIHH,
— yueOHBIC ayAUTOPUU JJIA TPOBEACHUS TEKYIIETO KOHTPOJIS M IMPOMEKYTOYHOU
aTTECTaIlUH;
— TMOMEIICHHUSI JIJIsl CAMOCTOATEIbHOU paboThI;
— TMOMEIICHHUS JIUIsl XpaHeHUS U MPO(PUIAKTHIECKOTO 00CTyKUBAaHUS TEXHUUECKUX CPEIICTB
o0OyueHusl.
[TomemieHust i1 caMOCTOSITENBHON pabOThl OOYYarOIIMXCsl OCHAILEHBI KOMIIBIOTEPHON
TEXHUKOW C BO3MOXKHOCTBIO MOAKIIOUEHUs K ceTH «VHTepHeT» u oOecredyeHueM JocTyrna B
AJIEKTPOHHYIO HH(POPMAIIMOHHO-00Pa30BaATEIBHYIO CPETY OpraHU3aI|H.

ABTOpBI:
[Tpodeccop xadempsr

U(PPOBBIX TEXHOJIOTHH U
MAaIIMHHOTO O0y4YeHus, 1. T. H A.JL Ilpuopos


http://www.lib.uniyar.ac.ru/edocs/iuni/20010738.pdf
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

IIpunoxkenne Ne 1 k paGoueil nporpaMme M CUHUIIIMHBI
«OcHOBBI HU(PPOBOI 00PAOOTKH CUTHAJIOB)

DoH/I OLIEHOYHBIX CPEACTB
JJIS1 TPOBe/IeHNUs] TeKYylIeld ¥ MPOMeKYTOUYHOI aTTeCTAlIMH CTYIeHTOB
Mo AUCHUILINHE

1. TunoBbIe KOHTPOJIbHBbIE 32JaHUS] MJIU HHbIEe MaTepPUAJIbI,
Heo0X0AUuMbIe VIl OLleHKH 3HAHNH, YMeHUi, HABHIKOB U (MJIM) ONBITA 1eATeIbHOCTH,
XapaKTepu3yWIIHuX 3Tanbl ((OPMHUPOBAHUSA KOMIIETEHIUI

1.1. KoHTpoJsbHbIEe 32JaHUSA M HHbIE MATEPHAJIbI,
HCMoJIb3yeMble B Mpoliecce TeKylleii aTrecTanuu

Tect mo Teme Ne 1
Beenenue B kypc «OcHOBBI ITU(POBOI 0OPaOOTKH CUTHATIOBY

1.Uro sBnsieTcs TNpPEUMYIIECTBAMH B  HCIOJB30BaHMHM  IM(PPOBBIX  CHTHAJIOB
nepes aHasioroBeiMu? BriOeprTe npaBUIIbHBINA OTBET (OTBETHI).

a) LludpoBsie cCUTHAIIBI MOKHO JIETKO XPAHUTh.

0) OOpaboTka U(POBBIX CUTHAIOB MOXKET OBITh JIETKO PEATM30BAHHON B COBPEMEHHBIX
KOMIThIOTEpaX.

B) ®u3nvecKue BEITMINHBI OT IPUPOJIBI MPEACTABUMBI ITU(PPOBEIMU CUTHAIAMHU.

r) LludpoBsie curHaibl copepxaT 00bIe HHPOPMAIIMH, YEM aHAJIOTOBBIC.

2. Kakolii (kakue) u3 CIeqyIIIUX CUTHAIOB SBISETCS (SBISAIOTCA) UGPOBBIMU?
a) @ororpadus, nomydeHHas ¢ ucronb3oBanreM [13C-maTpuiib!.

6) My3bika, mpociayliaHHas 3pUTeIsIMU Ha )KUBOM KOHIIEPTE.

B) My3bika, 3anucannas Ha LP (anrn. LongPlay) miactunky (BuHMIN).

r) Ctpanuna B 0ObIYHON KHHTE.

3. lan curnan X(N), KOTOPBIA UMEET CIEIYIONINI BUI:
0, ecru n<0un>4,

(_1)n n, ecuu n=1,2,3.
[lyctb  TepHOAMYECKOE  IOBTOPEHHE  JTOr0  CHUTHAlA  3aJaeTcs  BBIPAKEHUEM:

x(n) =

o0
y(n) = Zx(n +7K) . Haittu sHepruro u MomHocTh curHanoB X(n) u y(n). OTBeTs! 3amucath
k=—0
Ul KaXZOro ciay4as IIOClIe 3HaKa paBHO. Ey = , Py= , Ey = ,
P, =

4. PaccmotpuM curHan  X(n) =98(n)+28(n—1)+35(n—2). O6paboraem curHan x(Nn)
C MCITOJTb30BAaHUEM CIIEAYIOMIETO (BUITBTPA:

y(n) =

Bri6epute npaBuiibHbIN OTBET (OTBETHI).
a) Bbixoq B MOMEHT BpeMeHH N =3 He 3aBUCHT OT BXO/Ja B MOMEHT BpemeHn N =1.
0) Beixon mst MomeHTOB Bpemenu N >4 Bcerna pases 0.
B) y(n)=05(n)+28(n—1) +55(n—2)+35(n—3).

x(n)+x(n-1)
-,

10



5. PaccMoTpum (puibTp Ha pUCYHKE MIPEICTABICHHOM HUXKE.

x(n) a b y(n)
+

-1

Kaxkoe u3 cienyromux BhIpaKEHUH CBSI3bIBACT BXOJ U BBIX0 (prsibTpa?
a) y(n) =(bax(n) + x(n—1)) + (cx(n —3) + x(n—4)).
6) y(n)=b(ax(n) + x(n—-1)—(c+)x(n-3).
B) y(n)=abx(n)+bx(n—-1) +cx(n—3)—x(n—4).
r) y(n)=b(ax(n)+ x(n—1)) — (cx(n—23) + x(n—4)).

6. My3bika, 3amucaHHas B CTYIWH, COXpaHEHa Kak IHU(poBas MOCIEAOBATEIHLHOCTh Ha
CD (anri. Compact Disc). AHAJIOTOBBIN CUTHAJ, ONMUCBHIBAIOIINIA MY3bIKY, HMEET JJIUTCIbHOCTh
2 MMH. M TpoaucKkperusupoBaH ¢ yactorod fy=44100 ['m. Kakoe KOIHMYECTBO OTCUETOB
coxpaneno Ha CD B mpemmomoskenuu, 4to ayauodailn sBisercs MOHO(DOHUYECKUM, TO €CTh
COJIEPKUT OJIMH KaHai. OTBET 3anmucaTh IOCie 3HaKa paBHO.

Yucnno ocyeroB =

7. UYto sBsieTCS MHUHUMAIbHBIM TiepuonoM P curnama ej(M/ N)2mn JUISL CIIEIYFOIINX
BenurnH M u N ? OTBeT 3amucarh 1ociie 3HaKa paBHO.

a) M=1, N=3, P=

0) M=5, N=7, P=

B) M =35, N=15, P=

8. IlpocnymaiiTe akkopJl, CreHEpUPOBaHHBII C HCIONb30BaHHEM ainroputMma Kapruryca—
Crponra. Kakast u3 neceH HM»ke HaUMHAETCS C 3TOTO akKopaa?

a) TheWho — Won'tgetfooledagain.

0) Rolling Stones — Wild horses.

B) Ramones — Listen to my heart.

r) The Beatles — A hard day's night.

9. [lpocnymaiiTe  CHEMYIOIIMA  MY3bIKATbHBIA  (parMeHT, HMMEIOIUNA  YacTOTy
muckperuzanuu 44100 'm. Bam  mpenoctaBieHO 4eTbipe 0OOpaOOTaHHBIX BEPCHUU  3TOTO
¢dparmeHTa. B KakoM W3 HUX CIBIIIHBI HCKAKCHUS, CBS3aHHBIC C HAJIOKEHHUEM CIIEKTPOB,
BO3HMKAIOILIEM ITPU MOHMKEHUH 4acTOThI Juckperusanuu 10 8000 I'm.

a) IlepBbIiii 00pabOTaHHBIN (PparMeHT.

0) BTopoii o6paboTaHHbIl dhparMeHT.

B) Tperuit 06paboTaHHbIN QparMeHT.

r) YerBepThiii 00paboTaHHbBIN hparMeHT.

3ameuanue. B cioyuyae TpynHocTel TmpH aHaimu3e 3BYKOBBIX (DalJIOB  MOXKHO
BocToJb30BaThcs maketoM MATLAB s pemienus nanHou 3anaun. Ko MOXeT BBITIIAIETH TaK,
KaK MMPECTABICHO HIKE.
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file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/chord.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/The%20Who%20–%20Won't%20get%20fooled%20again.mp4
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/Rolling%20Stones%20–%20Wild%20horses.mp4
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/Ramones%20–%20Listen%20to%20my%20heart.mp4
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/The%20Beatles%20–%20A%20hard%20day's%20night.mp4
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/triangle_original.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_triangle_4.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_triangle_2.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_triangle_1.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_triangle_3.wav

x = audioread(‘triangle_original.wav’);
sound(x(1:6:end,:),7350)

[TpuBeneHHbIN (parMeHT KoJia HE SBISETCS TOUYHBIM, TaK KaK 4acTOTa JUCKPETU3AINU B
HEM yMeHbIaeTcs He B 5,5 pa3, To ectb 10 8000 I'm, a B 6 paz, To ecth 7350 I'1y (i1 MpOCTOTHI).

10. PaccMoTpuM  My3bIKalbHBIM  dparMeHT. BblmonHMM Hax HUM  ONEpaIUio
JTUCKpeTH3allii 10 YPOBHIO (KBaHTOBaHME). B kakom wu3 cueayromux o00paboTaHHBIX
(dbparMeHTOB YUCIIO YPOBHEH KBAaHTOBAHUS HaUMEHbIIIEE.

a) [lepBoiii 00paboTaHHBIN (HhparMeHT.

0) Bropoii o6paboTanHblil hparMeHt.

B) Tpernit 0OpaboTaHHBIN hparMeHT.

r) YeTBepThlii 00paboTaHHBIN (PparMeHT.

3ameuanmue. [Ipy BRIIOIHEHNH 3aJjaHUsI PEKOMEHAYETCS MopadboTaTh ¢ daitmom quant.m,
KOTOpBI HaxoAuTcs B mamnke. M3MeHeHHe B KojAe 4uciaa OUT IS MPEJCTABICHUS KaxJ0ro
orcueta (numberBitS) mo3BosisieT U3MEHATh YUCIO YPOBHEH KBAHTOBAHUSI.

Tect mo Teme Ne 2
Huckpernoe npeobpazoBanue Dypre. beictpoe nmpeodpazoBanue Oypne

1. Ilycte X(N) — 3T0 MoOcienoBaTenbHOCTh, @ X (K) — 3T0 muckpeTHoe mpeoOpa3oBaHUE

®ypse (AI1D) sToii nocnenopareabHOCTU. BpiOepuTe paBuiIbHbIN OTBET (OTBETHI).
a) Ecnu npumenuts AII® nBaxasl k curHamy X(N), Mmoaydutcs OOpaleHHBIA BO

BpeMeHH curHai, To ectb X(N —n).

2n
0) ITycts curman x(n) = COS(W Ln|, rne N — muuua curmana, a L — nemnoe yucino.

N
—, k=L
Torma X(k)=4 2" '

0, uHaye.

271
B) [lycth curnan x(n) = COS(W Ln+¢ |, rne N — miuHa curnana, a L — memoe gucio.

E{ej¢’ k = L,
2

Eciu N # 2L, torma X (k) = %e_j(p, k=N-L,

0, unaue.

r) Ecnou  nmpumennts JAII® gBaxasl k  curHamy  X(N), TOMYYUTCS  CHTHAI

y() = {NX(O), n=0,

NX(N —n), unaue.
jﬁnk

2. Pacemotpum 6asuc dypre Wy (N)=e N 0<n, k < N —1. BreiGepure npaBuibHbIH

OTBET.
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file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/jingle.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_jingle_1.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_jingle_2.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_jingle_3.wav
file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/processed_jingle_4.wav

a) BoiOepem n1Ba mo6bIx BekTopa Wi(n) u Wi(n) 6asuca @ypoe. DTn BekTOpa Beeraa
OPTOTOHAIBHBI, €CAM 1# |, a CKaIIpHOE MPOM3BEICHUE O3THX BEKTOPOB MOIYHHSIETCS
N, i=j,
BBIPKCHUIO <Wi (), wj (n)> =
0, unaue.
6) Beibepem nBa o0bix Bekropa Wj(n) u Wj(n) 6asuca Pypbe. T BekTOpa Beeraa
SBJSIFOTCS.  OPTOHOPMAJIBHBIMHU, €CIH | # j, a CKaJsIpHOE IPOM3BEICHHE STHX BEKTOPOB
N, i=j,
MO TYUHSCTCS BBIPOKECHHUIO <Wi (n), w j (n)> =
0, unaue.

B) BoiOepem 1Ba mo0bIX BekTOpa Wi(N) H Wj (n) Gasuca dypne. DT BEKTOpa BCerjaa

SBJISIFOTCS.  OPTOHOPMAJIBHBIMH, €CIIM |1 # |, a CKaJspHOE IPOM3BEICHUE OTHX BEKTOPOB
1Li=]
MO TYUHSCTCSI BHIPAKCHUIO <Wi (), wj (n)> =
0, unaue.

r) OpTOFOHaJ'ILHOCTB BCKTOPOB 3aBUCUT OT AJIMHBI N 0Ga3uCHBIX DJIEMEHTOB.

3. PaccmotpumM Tpu cunycouasl aiauHel N = 64, mpencraBieHHBIC HA PUCYHKE HIKE.
Cunyconna Y;(n) obo3HaueHa Ha PHUCYHKE CHHHM IBeTOM, Yo(N) — 3eneHsvM, Y3(n) —

KpacHbIM. Tak jKe paccMOTpUM CYMMY OTHX CHHycOMa M o00o3HaunM ee uepe3 X(n).

[Tpenmomnarast, uro JAI1® curnana obo3HavdaeTcs 3arjaBHBIME OYKBaMH, HAIPUMED, JJIsl CUTHAJIA
a(n), AIl® — A(k), BeiOepure mpaBHIBHBIA OTBET (OTBETHI) U3 BAPHUAHTOB IPEICTABICHHBIX

HIDKE.
N/2, k=0,
a) Yz3(k) =1N/2, k =64,
0, unaue.
-16j, k=8,
0) Yo (k) =416j, k =56,
0, unaue.
N, k =4, 60,

0, unaue.

B) Y1(k) = {
r) ||X(n)||§ :||X(k)||§ =12800. 3pmech HCHOMB3YIOTCA CIEAYIONIME  O0OO3HAUEHHS:

(3 = (xt, x(m). [X R = (X, X()).
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4., BrimoyiHuTe B MATLAB KO, KOTOPBIN HAXOIUTCS B (atine
fft train whistle.m B manke ¢ TECTOBBIM 3ahaHueM. JlaHHBIA KOJ IIO3BOJISET
MPOAHATM3UPOBATh TOBEJCHWE CHUTHAJIA IMAPOBO3HOIO TyJKa B YacTOTHOM W BPEMEHHOM
o0nacTsax. AHalIU3 aMIUTUTYAHOTO CHEKTpa MOKa3bIBaeT TO, YTO CUTHAN T'yJKa COCTaBISIOT TPH
OCHOBHBIC 4acTOThI. ONIPEIeTUTE ITH YACTOTHI.

IlepBas wacrora: I'm.
Bropas gacrora: I'n.
Tpersbs wacrora: I

3ameuanmue. [Ipy BHIIOJTHEHWU 3aqaHHUs OOpaTHTE BHMMAHWE HA BBIXOJIHBIC JTaHHBIE
nocje TeHepanuy Koaa. B mepByto ouepenp HEOOXOIUMO OOpaTUTh BHUMAaHUE Ha IEPEMEHHBIE,
Haxojsmuecss B Workspace makera MATLAB: AS — aMIUIMTYAHBIA CIEKTp CUrHaima, PhS —
(ba30BbIl CIEKTP CUTHAJA, S — AHAIM3UPYEMBIH CUTHAJA, F's — 4acToTa AUCKPETU3allui CUTHAIA
(curnan na IIK npencrasiien B nugpoii popme!).

5. Ucnone3ys komanny runfft dtmf.p samycrute B MATLABp-daiin (amanor m-
¢aiina, HO CO CKPBITHIM KOJIOM), HaXOJSIIUICSA B MalKe ¢ TECTOBBIM 3aJaHUEM. 3aIlyIlEeHHBIH
KOJl TO3BOJHT CIEHEPUPOBaTh JIByXTOHAIbHBIH MHOIrOYacTOTHbIA curHan (anri Dual-
ToneMulti-FrequencySignaling — DTMF), ucnonb3yembiii 1j1si Habopa HOMEpa B aHAJIOTOBOM
tesneoHnn (ccblika). [Ipu BBIMOTHEHHMH KOJa TeHEepUPYIOTCS TpH LUQPBI, PACHOIOKEHHbBIE B
onpezaeneHHoM mnopsake. Mcmons3ys auckperHoe mnpeoOpasoBanue @Dypbe, HE0OX0IUMO
OTIPENIeNIUTh 3TU LU (PBI, a TAKXKe MOPAAOK UX TeHEpaLnH.

[udps! B mopsake reHepaum:

3ameuanue. [Ipy BbINOIHEHUM 3aaHUS o6paT1/1Te BHUMAaHUE Ha BBIXOJHBIE JIaHHBIE
mocJie TeHepanuu Koja. Bo-mepBrix, nBa rpaduka: rpaduk orubaromieil CUTHajIa BO BpEMEHHOU
obsactu M rpaduK orudarIiel ero aMIMTyAHOTO criekTpa. Bo-Bropeix, B Workspace makera
MATLAB Haxonarcs Tpu NepeMeHHble: AS — aMIUIUTYIHBIA CHEeKTp curHaiza, dtmf —
aHaAJTM3UPYyeMbIil cUTHall (TpU CreHepHpOBaHHbIE LU(PHI, pa3JeNeHHble nay3oi), F's — yacTtora
muckpernsaiuu curHana (curHana Ha IIK mpeacraBiaen B umndpoii popme!). [epBas nudpa
3anucana B suerikax 1-22050 Bekropa dtmf, Bropas — 33076-55125, tperbs — 66151-88200.
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[TosTomy ecnu HeO0OXOIUMO OOpPAaTUTHCS, HANPUMEpP, KO BTOPOW IM(pe HYKHO HCIOIH30BATH
koMaHny dtmf (33076:55125), a IJid BBIYMCIEHUS aMIUIUTYAHOrO CIIEKTpa B 3TOM Ciy4yae
MO>KHO BOCIIOJIBE30BaThCa KOMaHnol abs (fft (dtmf (33076:55125))).

6. Ha pucynke HWKe MpeACTaBICHbl  4YeTbIpe  M300pakeHWs, TMOJIyYCHHbIC
C McHoNb30BaHMeM Koja fft image.m, HaxXo[AWIErocs B IAIKE C TECTOBBIM 3aJaHHEM.
Onpenenuth Kakoe W3 HM300PKEHUHN MPEACTABISACT NMPUOMIKEHUE WCXOJHOTO HAMMEHBIINM
YUCJIOM 0a3MCHBIX (DYHKIIMH, UCIIOIB3YEMBIX MTPU BBIYUCIEHUH 00paTHOTO ABymMepHOoro J(I1D.

3ameuanme. [Ipu BerumucineHnn npsmoro u obparHoro D mudpoBoro mnzodpakeHus
x(n,m), pasmepa NxM , rne N — umcio ctpok, a M — 9mcaO CTOJIOIOB, UCHOIB3YIOTCS

crnenyromue GOpMYIIbL:

N-1M -1 _
Fk,I = Z Zx(n'm)e—JZTc(kn/NHm/M) ’
n=0 m=0
1 NS j2n(kn /N +Im/ M)
Xx(n,m) =—— Fk,|ejnn +Im .
(n.m)=— kZ:;) Z{; (k, 1)

7. TonanpHbI cHUTHAT BO3Bpara Bbi3oBa (anri. Ring-BackTone) mpeacrasisier coboit
3BYK, KOTOpPBII MOXXHO YCIBIIIaTh B OOBIYHOM Tele(OHHON TpyOKe NMpU BBI30BE yJaIEHHOTO
aboHeHTa. B 00NbIIMHCTBE €BPONEHCKUX CTpaH TOHAJIbHBIN CUTHAJI BO3BpaTa BbI30Ba COCTOUT U3
OJIHOM CHHYCOH[BI, KOTOpas NEpUOANYECKH BKiItodaeTcs U Belkitodaercsa. B CIIIA tonanbHbII
CUTHAJl BO3BpaTa BbI30BAa COCTOMT M3 CYMMBI JBYX CHHYCOHMJ C OTHOCHTEIBHO OJIM3KUMH
4acTOTaMH, KOTOpBIE NEPUOJNYECKN BKIIOYAIOTCS M BBIKIOYaroTCs. Huke mpencraBiieHbl 1Ba
npumepa. [Ipocnymanre ux.

[Ipumep A.

[Tpumep b.
Kakoii W3 AByX NpuUMEpOB COOTBETCTBYET TOHAJIBHOMY CHUTHAlIy BO3BpaTa BbI30Ba,

KOTOpBIN ncnonbizyetcst B EBpone? KpaTko nosicHuTe Bail OTBET.
OTBeT U NOSICHEHHE NMUIINATE HUKe!

3ameuanue. [Ipu oTcyTCTBUM NMOSICHEHU OTBET 3aCUMTAH He OyaeT!
8. Ha pucyHKke HIDKe TpECTaBIICHBI aMILTUTYIHBIC CIIEKTPBI CHTHAJIOB, PACCMOTPEHHBIX

B npeabiaynieM Bompoce. Kakoil M3 aMIUIMTYAHBIX CIEKTPOB COOTBETCTBYET TOHAIbHOMY
CUTHAJTy BO3BpaTa BbI30Ba, UCHONB3yeMoMy B EBpone?
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9. Heo6xomumo Beramciuth [IID curnama, cocrosmiero u3 2048 orcueroB. Kakoe
KoJIn4ecTBO IBYyXxTo4euHbIX J[I1D HeoOxoaumo ucnons3oBarh rnpu Beraucienuu JI1® curnana c
MCIIONIb30BaHUEM anroputMa ObicTporo npeoOpazoBanus Pypwe (BIID) ¢ mpopexxuBanueM 1o

BpEMEHU?
Yucno aeyxroueunsix JIID =

. n
10. lan curnam, coctosumii u3 N orcyeroB, rie N =2". Bo ckojibpko pa3 4uciio
KOMIUICKCHBIX yMHOXxeHUH ( K1) mpu npsamom Beraucinenuu JI1® Gonbine yncia KOMIIEKCHBIX

ymHOXKeHull (Ky) mnpu Beuumcinenun JAIID ¢ wucnonszoBanuem amroputma bBIID ¢

IpOpeKrUBaHueM 1o BpeMeHU? OTBET BBIPA3UTh Uepe3 N .

Ki/Kyp =

Jlonmonnureabnblii Tect Ne 1

BBenenue B cuctemy KkommnbsrorepHoro moaenuposanus MATLAB

1. Jlan BekTOp-cTpoka X. UTO MpOM30MIET C 3TUM BEKTOPOM INpU BBHINOJHEHUH B

MATLAB xomanas! x ' ? Beibepute npaBuiibHbINA OTBET (OTBETHI).

a) Bektop X octaHeTcs BEKTOPOM-CTPOKOW, a €ro 3JIeMEeHThl OyIyT pacrojOXeHbI B

00paTHOM TOPSIJIKE.
6) BexTop X Oyzner TpaHCIIOHMPOBAH.

B) Kaxx/1p1it a1eMeHT BekTopa X OyJIeT BO3BE/AEH B CTENIEHb 2.

r) BekTop X cTaHeT BEKTpOM-CTOIOIOM.

2. Jlan BeKTOp X, KOTOpBIH onpenensercs U nnunuanusupyercs B MATLAB crenyromieit

KOMAaH 01

x=[12345678910 11 12];

YTo npoU30MIET C BEKTOPOM X IIPU BBINOJHEHUU KOMAaH/IbI:
y = x(2:2:end);

BriOepuTe npaBuiIbHBINA OTBET (OTBETHI).
a)x = [2 4 6 8 10 12];

0) Ecim cuntath BEKTOp X JUCKPETHBIM CHUTHAJIOM C NEPHOIOM IUCKPETU3aLHH T, TO

BEKTOD Y 6yz[eT AUCKPCTHBIM CUTHAJIOM C IICPUOJOM JUCKPETU3AIIUU ZT() .

B) Bektop y Oyzer cocTosTh U3 3HaUEHUI ¢ HEUETHBIMU HOMEPAMU BEKTOpA X.

r) B BexTOp Y 3anumieTcst KaxkJ1plif BTOPOM 3JIEMEHT BEKTOpa X.
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3. Kakas (xakue) u3 cienymoomux apupmernyeckux omnepanuss B MATLAB sBistorcs
HI03JIEMEHTHBIMH.

a) +;
0)./;
B) . *;
r).";

4. Tonyctum B MATLAB BBITTONTHSIOTCS CIEAYIOIINE KOMaHIbI:

A= 1[12; 34; 5 6];

B=1[123; 45 6];

Kakas (kxakue) u3 crnenyronux komana B MATLAB sBistoTcs BepHBIMU I JaHHOTO
ciyyas?

a)C = A * B;

0)C = A' * B;

B)C = B + A;

r)C = A' + B;

5. [lyctph nana cnepyromias MaTpuna:

16 2 3 13

5 11 10 8
1o 7 6 12|

4 14 15 1

Kakoe (kakue) u3 cnemyronmmx MATLAB-BeipakeHU uisi oOpamieHuss K HHICKCaM
MaTPHUIIbI TO3BOJIAT MOJTYYUTh MATPUILY BUJA:

16 2
5 11
B= .

9 7
4 14

a)B = A(:, 1:2);

0)B = A(:, 0:2);

B)B = A(0:4, 0:2);

r)B = A(1:4, 1:2);

6. PaccMoTpuM Marmueckuil  KBaJpaT, M300pakeHHBIH Ha TpaBiope AJjbOpexra
Hropepa«Menanxonusi». IlpeacraBum 3TOT KBaapaT Kak MaTpHILy, COCTOSIIYIO U3 YETHIPEX
CTpOK U 4eThIpéXx cTos010B. B MATLAB 3T0 M0OXHO peanu3oBaTth Cleayrolie KoMaH 10M:

A = [l6 3 2 13; 5 10 11 8; 9 6 7 12; 4 15 14 1];

YeMy paBHBI CyMMBI 3JIEMEHTOB BJOJb CTPOK, CTOJOLIOB M TJIaBHOW JHArOHAIM 3TOU
MaTpulibl. BeiOeprTe npaBUIbHBIA OTBET.

a) CyMMa »JIEMEHTOB BJOJIb CTPOK, CTOJOIOB M TJIABHOM JUAaroHajad OJMHAKOBa M
paBHa 36.

6) CyMMa 3J1IeMEHTOB BAOJIb CTPOK OOJIBIIE CYMMBI 3JIEMEHTOB BJIOJIb CTOJIOLOB  CYyMMBI
HIIEMEHTOB BJIOJIb TJIABHOM JIMarOHAJIH.

B) CyMMa 3JEMEHTOB BJOJb CTPOK, CTOJOLIOB M TIJIABHOW JAMaroHajlu OJMHAKOBa MU
paBHa 34.

r) CyMMBI 3JIEMEHTOB BJI0JIb CTPOK, CTOJIOIIOB M IJIABHOM JMArOHAIN PAa3IMYatOTCs.

3ameuanue. /{5 pemenus 3agaun Bocnonb3yitech koMangamu MATLABsum u diag.
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7. PaccMOTpuM Marm4eckuil KBajpaT M3 MIpeAslayniero Bompoca. llpencraBum ero kak
Matpuity B MATLAB. BeimmomnuM mocienoBaTebHO HaJ JTOM MaTpHUIlEH CIeAyIoIue
OTEpalvK: BHAYAJIE BO3BEJCH KAXK/IbIM 3JIEMEHT 3TOM MaTpPHIIbl B TPETHIO CTENECHb; K KAXIOMY
9JIEMEHTY TIOJIYYMBIIEHCS MaTpuibl Ao0aBuM 3HayeHuH 100; W3 KaKIOro dSJIeMEHTa
MOJIYYUBIICHCS MaTpUIlbl BBIYMCIUM KBAAPATHBIA KOPEHb; MPOCYMMHPYEM BCE 3JIEMEHTHI
MOJTyYMBIIICHCS MaTpullbl. UeMy paBeH pe3ysbTaT UTOTOBOTO CYMMHPOBAHHSI C TOYHOCTBIO JIO
BTOPOTO 3HAKA MOCJIE 3aMsATON?

Pesynbrar cymmupoBanus =

8. Uemy paBHBl MOAYJIb M Yrojl CJIEIYIOIIEro KOMIUIEKCHOIO uyHcia: 2 + 2*1i.
PesynpTar 3amummre ¢ TOYHOCTBIO JO BTOPOro 3HaKa Iocie 3amsaroil. s peuieHus 3agauu
Bocrionb3yiitece MATLAB-dynkiusmu abs u angle.

Monaynb =

Yron =

9. Kakas u3 cieayromux (QyHKIUH MO3BOJISIET CTEHEPUPOBATh MATPHILY, COCTOSIIYIO M3
9JIEMEHTOB CITy4alHOW BETUYUHBI C PABHOMEPHBIM PaCIpeACICHUEM.

a) ones (N, M) ;

0) zeros (N, M) ;

B) rand (N, M) ;

r) randn (N, M) ;

10. I[Tyctp A siBisieTcsl MaTpHIed U3 AECSITH CTPOK M JECSATH CTOJOIOB, a X — BEKTOD,
COCTOAIIMNA W3 JECATU DJIEMEHTOB. [l BBIMOJHEHHUS] MATPUYHOTO YMHOXEHHS AX MOXHO
BOCIIOJIb30BATHCS CIEAYIOLIUM KOJOM:

A = ones (10, 10);

X ones (10, 1);

v = zeros (10, 1);

for 1 = 1:10

for 7 = 1:10

v(i) = v(i) + A(i, J) * x(3);

end

end

Kaxkas (kakue) u3 cneayrommux KOMaH1 M03BOISIT BEKTOPU30BATh KO/, MPEICTAaBICHHBII
BBIIIIE, U MTOJTYYUTh AHAJTOTUYHBIM pe3ylIbTaT YMHOXEHHUSI MaTPULIbI HA BEKTOP?

a)v = A * x;

0) v = Ax;
B)V = sum(A * x);
Nnv = A .* x;

11. Ilyctb ecTh JABa BeKTOpPa-cTOJOHAVY U W, COCTOAIIME M3 CEMH 3JIEMEHTOB.
PaccMoTpuM ciieyromun Kox:

v = ones (7, 1);

w = ones (7, 1);

z = 0;

for i = 1:7

z = + v(i) * w(i);

end

Kakas (kakme) u3 craenyrommx komann B MATLAB 1o3BoiasST BBIYHCIUTE Z
aHAJIOTUYHBIM 00Pa30M, YTO U B KOJE BBIIIE.

a)z = sum(v .* w);

0)z = v * w;
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B)z =
r)z =

12. ITycTh ecTh MaTpHma X, COCTOSIIAS U3 CEMH CTPOK M CEMH CTOJIONOB. BrimoaHuM Haz
9TOM MaTpulel cleayioue MpeoOdpa3oBaHus: BBIUUCICHHUE HATypajJbHOro Jjorapudma oT
KaXJIOTO DJIEMEHTA, BO3BEACHUE B KBAJApaT KaKJIOrO 3JEMEHTa, J00aBJICHHWE EIMHUIBI K
KOKJIOMY 3JIEMEHTY, JEJICHHE Ka)XJO0ro 3JIeMeHTa Ha 4. BBINOJHUTH 3TH onepanuu MOXKHO C
MCII0JIb30BaHUEM CIIEAYIOIIEro KoAa:

X = ones(7,7);

for i = 1:7

for 3 = 1:7
A(i, j) = log (X (1, j));
B(i, J) = X(i, 3J) ~ 2;
C(i, J) = X(1i, 3J) + 1;
D (1, Jj) = X(1i, j) / 4;

end

end

Kakas (kakue) u3 cneayromux KoMang KoppekTHo BeraucasaT A, B, C umu D?
a)B = X ~ 2;

6)D = X / 4;

B)B = X ." 2;

rNc =x+ 1;

13. Kakas u3 cieayronmii KOMaH| MO3BOJISICT BU3yaIM3UPOBATh CHTHAI B BHE Habopa
OTCYETOB, TO €CTh «IMAarpaMMbl, COCTOSIICH W3 JeleHIoB Ha manouke» (aurm. Lollipop
Diagram).

a)plot.

0) surf.

B) mesh.

r) stem.

14. Kakas wu3 cneaytomux MATLAB-komaHg mO3BOMSET MOMECTUTh TEKCT Haj
rpadpukoM GyHKIMHU?

a)title.

0) xlabel.

B) axis.

r) ylabel.

15. Kakyro (kakue) W3 CIeAYIOIMUX KOMaHJ MOXHO HCIOJIb30BaTh JUJISl BU3yaJIU3aAIlUU
GbyHKIIMM OJHON IEpEeMEHHO TakK, YTOOBI 1[BET JIMHUH, ONUCHIBAIOIIEeH (DYHKIINIO, OBLIT KPACHBIM.

a)plot (x, y, 'Color', 'red');
6) plot (x, y);

B)plot (x, y, 'red');
r)plot(x, y, 'r');

16. PaccMoTpuM  paguoMMIyJIbC C JIMHEHHOW 4YacTOTHOM  Monyssuued  (aHrd.
fi—fo
:—!

" fop —wactotra KOMEOAHUSA

LinearChirp) x(t):cos(Zrcfot+omt2), e o

fo+ f
paI[I/IOI/IMHyJIBCH. B MOMCHT BpeMCHI/I 0, u — MI'HOBCHHAs 4aCTOTa B MOMCHT BpeMeHI/I tl'
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Hanumure MATLAB-koa, KOTOpBIM BBIYHUCIUT NPOAUCKPETU3UPOBAHHYIO BEPCHIO CHUTHAJIa
X(t) ¢ uactoroit muckpermsamuu f, =8000 I'm nHa wmuTepBame 0<t<2 cex. YcraHoBure
fo=0Im u f; =10 I'u, a t} =2 cex. Busyanusupyiite quckpeTHyio Bepcuro curHama X(t)

C UCIOJb30BaHNEM KOMaH bl plot. Kakoe konn4yecTBo pa3 curHal nepecekaer och adciucc?
Hucno nepeceueHui =

17. lana nocnenoBaTenbHOCTh X(N) KOHEUHOM IJIMHBI, COCTOSIIAS U3 YETHIPEX OTCUETOB
x(0) =1, x@@) =0, x(2) =0, x(3) =1. Uemy paBHO nuckpeTHoe npeodpazoanue Dypre (JII1D)
sToit mocnenoBarenbHOCTH. [Ipu Beuncnenun JAIID moxkno Bocmonb3oBaThes MATLAB-
dbyakuueit fft.

X(0) =

X(@) =

X(2) =

X(3) =

18. Hammmre MATLAB-koa, KoTOpblii IMO3BOJAMT BBIYMCAUTH BbIxoA Y(n) JIMC-

CHCTEMBbI, ONHCHIBAEMON CJIEYIOIIUM JHHEHHBIM pPAa3HOCTHBIM YPAaBHEHHEM C ITOCTOSHHBIMH
Koo punmeHTamu:

() +2y(n-1) = x(m) - X(n-1),

rae y(0) =0, x(n)=03(n) +%8(n —1). Kakoe (kakue) U3 CIEIYIOIIUX YTBEPKICHUUN SBISETCS

(SIBJIATOTCST) TPaBUIIBHBIMU?
a) OuiabTp SBISETCS YCTOWYMBBIM, HO BBIXOX Y(N) pacXoAuTcs M3-3a BBIOPAHHOTO

BXOJIHOTO curHana X(n) .

6) y(5)=2.
B) y(5) =1.
r) GunpTp sABISETCS MareMaThyecku HeycrouuBbeIM. 3anmyck MATLAB-kona

MOKA3bIBALT, YTO |y(50)| >10'3.

1) Beixon y(n) mpencraBiisieT pacxoIAIIAecs OCHUIUIAIUN OTHOCUTEBHO HYJISI, TO €CTh
IIpH YBEJIMUYEHUH N aOCoMOTHAS BenmdrHa Y(N) yBeIMYUBaeTCs, a 3HaKU Y(N) YepemyroTcs.

19. Kakas u3 cienyrommx KOMaHJA IO3BOJSET CreHEpUPOBATH 3HAUEHHS CIydaifHOM
BETMYMHBI C MaTEMaTUYECKUM OXHUIAHUEM paBHBIM S5 © 1ucrepcued pasHourt 4?7 Jlns
BBIUMCJICHHs] MaTeMaTudyeckoro oxwunanus u aucrnepcu B MATLAB MoxHO BOCmonb30BaThes
KOMaHJaMH mean U var, COOTBETCTBEHHO.

a)r = 1 + 2 * randn(100,1

4

)
0)r = 5 + 2 * randn(100,1);
B)r = 1 + 4 * randn(100,1);
r)r =5+ 4 * randn(100,1);

20. Otkpoiite u 3amycture ¢aitn image filtering.m, HaXxomsAUIMiiCS B Manke ¢
tectom. Kom B ¢aiine mMO3BOJISET BBIOJHUTH JBYMEPHYIO (rubTpanuio 1mudpoBoro
u300pakeHust ¢ ucrnoiab3zoBanueM apymepHoit JIMC-cuctemsl. [TocmoTpuTte Ha oOpaboTaHHOE
n300pakeHHe W OTBeThTE Ha ciedyroumuil Bompoc. C HCNONb30BaHMEM KaKOro M3 JBYX
¢mibTpoB (PHY, ®BY) Ob110 00paboTano BXxogHOE U300paxeHne?

a) ®HUY.

6) ®BY.
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3ameuanme. [Ipy oTBeTe Ha Bompoc o0s3aTenbHO O0paTuTe BHHMAaHHE Ha
BU3yaJIM3UPOBAHHYI0, BMECTE€ C HCXOJHBIM M OOpaOOTaHHBIM H300paKECHHSIMH, JTBYMEPHYIO
aMIUTUTYAHO-YaCTOTHYIO XapakTepucTuky (AUX) ¢unsrpa. OHa npencrasiser co6oit GyHKINIO
JIByX TMPOCTPAHCTBEHHBIX YacTOT, & HE OAHOM 4acTOThl, KaKk B OJHOMEpHOM ciydae. Eciu
nocMotpeTh Ha rpaduk AUX cBepxy (Haxkmute KHONKY Rotate 3D B MeHIo rpaduka), To pOBHO
B IICHTPE BU3YAIM3UPOBAHHONW KapTUHKU OyAET HAXOIUTbCS TOYKA C HYJIEBBIMU 3HAYEHUSAMU
IPOCTPAHCTBEHHBIX YaCTOT.

Tect mo temMam Ne 3 u Ne 4
OxkonHoe nipeoOpazoBanue Oypre. Benenue B nudpobie GUILTPHI

1. IlpencraBbTe ceOe, YTO BaM HEOOXOAMMO HAaCTPOUTh MCHIAHCKYIO ruTapy. B mpouecce
HACTPOWKHU BBI CIIBIIINTE JIBA 3BYKOBBIX ()parMeHTa, KOTOPHIE MPEICTABICHBI HIDKE.

®parmeHt A.

®parmeHT b.
B kaximoM u3 ¢pparMeHTOB MPOUTPAHbI OJTHOBPEMEHHO JIBE HOTHI (3BydYarT JiBe CTpyHbI). Kakoit u3

CICOYIOMUX BapUaHTOB OTBCTOB ABJIACTCA HpaBI/IJII)HI)IM?

a) @parMeHT A — cTpyHa He HacTpoeHa; PparMeHT b — cTpyHa HacTpoeHa.

0) ®parment A — ctpyHa HacTpoeHa; dparment b — cTpyHa HacTpoeHa.

B) ®dparmeHT A — cTpyHa He HacTpoeHa; @parmenTt b — cTpyHa He HacTpoeHa.

r) ®parmeHT A — cTpyHa HacTpoeHa; @parmenT b — cTpyHa He HacTpoeHa.

3ameuanue. /11 NOHMMaHUs HACTPOWKH LIECTUCTPYHHOU T'MTAphl CMOTPUM CIIELYIOILEE
BUJCO. A MaTreMaTH4ecKH BcCeE BBITJIAAUT Tak. HyCTI) qacToTa OHOpHOfI TapMOHUKH PABHACTCA

(¢ paguaH, a 4acToTa HAcTpaumBaeMoil — O paguad. [Ipum HacTpolke THTaphl «HA CIyX»

HEoOXO0MMO clieNnaTh Tak, YToObl @ = ¢ . [Iponemaypa HacTpoliku TakoBa:
1. Tlepenectu @ OJIU3KO K Q.
2. Korma & = @ mpourpars 00e rapMOHHUKH (CTPYHBI) BMECTE.
3. Jlst onpicaHus MyHKTa 2, MATEMaTHYECKH, UCIIOJIb3YEM TPUTOHOMETPHIO:

A A

. . g —® g + O
X(n) = cos(gn) + cos(wn) = 2¢os OTn coS OTn ~
~ 2¢0s(AgN)cos(dgn).
Torna COS(A(;)n) — 3TO CUTHAJ «OLIMOKW», KOTOPbIA MOAYJIUPYET Hecyllee KojaebaHue, TO eCTh
COS((bOn). Korna &= @q, curHan «omuOKW» SBISETCSA AOCTATOYHO CIAOBIM ISl TOTO, YTOOBI

€ro MOXHO OBLJIO ychblmaTh. McCronb30BaHWE MOIYMISALUU TIO3BOJSET TMEPEHECTH CUTHAT
OILIMOKHU B CJIBINIUMYTO 00JIacTh 4acToT U MOYYBCTBOBATh €ro, KaKk aMIUIMTYAHBIC OCHUJIISAINN
HECYIIEro KoyeOaHusl.

2. Ucnonb3ys komaHay runsignal stft.p 3amycrure B MATLABp-daiin (ananor
M-aiina, HO cO CKPBITHIM KOJIOM), HAXOMSAIIMIACS B TIalKe C TECTOBBIM 3aJ[aHUEM. 3aIylIIeHHbIH
KOJ1 MTO3BOJIUT CT€HEPUPOBATH HEKOTOPBIA CUTHAN, COCTOALIMM U3 HECKOJbKHUX TapMOHHUYECKUX
Kojebanuil. DTu KosiebaHus CIEAYIOT JIPYT 3a APYroM U paszfieneHsl nay3zamu. Cam curHan B
Workspace nakera MATLAB Henoctynen. [Ipoananmu3upyiite cieKTporpaMMy 3TOrO CHTHAA,
MOJIyUEHHYIO Ha OCHOBE OKOHHOTO IpeoOpa3zoBanusi Oypbe, U BHIOEpUTE NMPABUIbHBIA OTBET U3
BapHUaHTOB HIDKE.

a) CreHepHpOBaHHBIA CHUTHAJI COCTOUT M3 TpeX TapMOHHUK pPa3HOW YacTOThI, KOTOPbHIE
CIeyIOT B Mopsiake: rapMoHuka c¢ gactoroil fp [I'm], satem — fy [T'u], manee — f3 [I'u], roe

fl<f2<f3.
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0) CreHepupOBaHHBI CHUTHAJ COCTOMT M3 TPEX TapMOHUK Pa3HOM YacTOTHI, KOTOpBIC
CIEeIYIOT B MOpsIKe: rapMoHuKa ¢ yactoToil fg [I'm], 3arem — f, [I'm], nanee — f; [T'u], roe
f1 < fy < f3.

B) CreHeprupoBaHHBI CHUTHAJ COCTOMT M3 TPEX TapMOHHMK Pa3HOM YacTOTHI, KOTOPHIE
CIeIyIOT B MOpsiIKe: rapMoHuka ¢ gactoroil fy [['m], 3atem — f3 [T'u], manee — f, [I'u], rue
f1 < fy < f3.

r) KT0o-HHOYH 3aMeTHII 3/1eCh OOJIbIIIee KOTMYECTBO FTApMOHUYECKHUX KoJIeOaHu !

3. Ha pucyHke HIbKe MpeACTaBICHBI YeThIpe TuarpamMmbl TpeboBanmii Kk AUX dacToTHO-
n3bupatenbubix KUX-¢punbrpoB. Kakas u3 aumarpamm TpeOOBaHUN COOTBETCTBYET 33JaHUIO
cnenuuKanuii A7 peKeKTOPHOTro GuiIbTpa.

————— ~ & 1 I
TITT W =S

3 I =3, I

o 2 5 113 i

— ———— | T Ele——2
[ 5 1= Jd A&
----- prmm=o= = —p
By /2 0 O, O, Dy /2
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s [HE™)
_________ — \ 148, | _ __ sy

——l———=== F—t—d -4 —-————- 4 1

—————— il N\ 1-5. [~ 77  MmMW | |

[ I n [ [ I
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| | I!!Hgl [!3|I | TII1 | |“3?i|
Jd | I A~ ) J | | J 4
_wr_r__l@ 6p&\ﬁ__t ______ F_W(Q
55 O Dy / 2 0 @0, Wpe W36 O / 2

[Tepexonubie [Tepexonnbie
TTOJTOCHI TTOJTOCHI
B) r)

4. Heobxonumo cuHTtesupoBaTh LuppoBoit KUX-punbTp HMKHUX YaCTOT, KOTOPBIH
YJIOBJIETBOPSIET CIEIYIOIIUM CHELUPUKAIHAM:
®, =0.18%, ®, =0.22%, 3, =0.0001, 5, =0.001.

s pacyera K03QPUIUMEHTOB UMITYIbCHONH XapaKTEPUCTUKU BaM MpeJjiaraeTcsl UCIOIb30BaTh
MeToa OKoH. Kakue okoHHbIe (YHKIHMH, MPEACTABICHHBIC HIKE, TMOJONUAYT IS PEHICHUs
JIaHHOU 3amadun’?

a) Oxno bapTtierra.

0) OkHO X2HHHHTA.

B) OkHO X3MMHUHTA.

r) OxHO biskMmeHa.

5. Heobxonumo cunte3upoBats udpoBoid KUX-GuiabTp HUKHHUX YacTOT, KOTOPBIH

YIIOBJIETBOPSIET CIIETYIONIUM CIIEITH(PHKAIIASIM:
®, =0.18x, ®, =0.22x, §,, =0.01, &, =0.001.
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st pacuera ko3¢ (HUIMEHTOB UMIYIBCHONW XapaKTEPUCTUKH BaM PEKOMEHAYIOT MCIOJIB30BaTh
METOJI OKOH M OKOHHYIO (yHKIHI0 biskmena. Kakoil mopsmok CHHTE3WpoBaHHOTO (GUIIbTpa, a
Takke MakcumanbHoe oTkJoHeHue AUX or 1 B mosoce nponyckanus (I1I1) u makcumanbHOe
otkioneHre AUX ot 0 B monoce 3anepxuBanus (I13) OyayT mosydeHsl B TaHHOM CiTydae.

[Mopsimok ¢punbTpa =

Makc. otki. AUX B IIIT =

Makc. otkii. AUX B II3 =

6. Kakue U3 crneayronmx CUCTEM SIBJISTFOTCS THHEHHBIMU?
a) AMIUTUTYIHAs] MOZYJISIUS:

y(n) = x(n) cos(@,n)
rae x(n) — nepenaBaemMoe cooOIeHue, a cos(m,,n) — Hecyee KouebaHue.
d2
6) y(t) =" x(t).
dt
B) PacTaruBanue (cxatue) BpemeHHoW mikanbl: Y(t) = x(at). Hampumep, eciau Bl
npourpeiBacte LP-45 BUHWIOBYIO IIIACTMHKY CO CKOPOCTBIO 33 00/MuH, TO Kod(dHIHEHT

o =33/45.

r) OrpaHnyeHue cCurHaja o aMIuIuTyie BUja:

y() = {x(n), x(n) <M,

M, unaue.

n) Beruncnenue  mpeoOpasoBanmsi  Dypbe  JHUCKPETHOTO  BPEMCHH X (e1®)
(anru. Discrete-TimeFourierTransform) nmocienoBarensrocti X(N) .

7. Kakue 13 cleyIonMX CUCTEM SABJISIFOTCS MHBAPUAHTHBIMU K CIIBUTY?
a) AMIUTUTYIHAs] MOZYJISIUS:

y(n) = x(n)cos(a,n),
rae X(n) — mepenaBaeMoe coodmieHue, a cos(®,N) — Hecymee KouebaHue.
d 2
6) Y(B) =~ x().
dt
B) PactaruBanue (cxatme) BpemeHHOM mikanbel: Y(t) = X(at). Hampumep, eciu B
npourpsiBaere LP-45 BUHMIOBYIO IUIACTUHKY €O CKOpPOCThIO 33 00/MuH, TO K03(duumeHt

o =33/45.

r) OrpannyeHue cCurHaia no aMIuIuTyie Buja:

y() = {x(n), x(nN) <M,

M, unaue.

n) Berancienne  mpeoOpasoBanusi ~ Dyppe  JUCKPETHOTO  BPEMCHH X (e1®)
(aur. Discrete-TimeFourierTransform) mocnenoBarensaoct X(N) .

8. IlpeacraBum cebe, 4TO B KayecTBe HMMITYJIbCHOW Xapaktepuctuku JIMC-cuctembl
BBICTYNIA€T HWMITYJbCHBIM OTKJIMK IIOMELIEHUS. OTOT OTKIMK MOYKHO IOJIYYHUThb C
UCIIOJIb30BaHUEM MHUKPO(POHA, KOTOPBIM 3aluChIBa€T 3BYK, HPEICTABIISIIOIIMM pacceuBaHUE
UMITYJIbCHOTO HCTOYHMKa 3ByKa. IIpuMepoM TOJOOHOrO OTKIMKAa MOXKET BBICTYNATh
UMITYJIbCHBIA OTKJIMK JIo3aHHCKOTrO cobopa, kotopsiii uamepun Jlokmanuy M. (Dokmanic I.) u
€ro KOJUIETH, 3alMcaB 3BYK JIOMHYBIIET0 B coOope Bo3AylIHOro mapuka. IIpocmymiaiite aTy
3anuch. BhIMogHeHWe onepanuy CBEpPTKHU 3TOW 3anucu (UMITYJIbCHON XapaKTEepUCTUKHU coOopa),
HampuMep, C 3aluChl0 MY3BIKaJIbHOrO (parMeHTa, IOJYYeHHOTO C HCIOJb30BaHHEM
BUOJIOHYEIIH, ITO3BOJISIET HCKYCCTBEHHO NEPECcO3/1aTh aKyCTUKY OOJIBIIOrO IPOCTPAHCTBA COOOPA.
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B utore MoxeT ObITh OTYYEH CIEAYIOMUNA My3bIKaabHbIA (hparMenT. OTBETHTE HA CIETYIOIINI
Borpoc. Kakum cBoWicTBaM yJOBJIETBOPSET UMITYJILCHBIN OTKJIMK JIo3aHHCKOTO cobopa?

a) YCTOMYMBOCTb B CMBICIIE OTPAHUUYEHHBIN BXOJl — OrpaHUuYeHHbIN Bbixo (OBOB).

6) UMnynbcHas XapakTepUCTHKa UMeeT OECKOHEUHYIO JUIUHY.

B) Kay3anbHOCTb.

9. Ilycts umnynbcHas xapaktepuctuka JIMC-cuctemMbl UMeeT BU:
h(n) =d(n) —d(n-1),
a BXOJJHOE BO3/IEHCTBUE HA CUCTEMY OIIPEEIISIETCs CIEAYI0INUM 00pa3oM:

{1, n>0,
x(n) =
0, unaue.
Boruncnute BBIXOJ cHcTeMbl B cieayrome mMoMeHThl Bpemenu: Y(-1), y(0), y(@),
y(2).
y(-1) =
y@) =
y(0) =
y(2) =

10. [Tycts mmmrynscHas xapakrepuctuka JIMC-cuctemMpl IMeeT BHI:
h(n) =8(n) -8(n-1),
a BXOJJHOE BO3/ICHCTBHE HA CUCTEMY OIPEIEIISIETCS CIEAYIOINM 00pa3oM:

{n, n>0,
x(n) =
0, uwmaue.

Beruucnure BbIXOA cHCTeMbl B cieayromue MoMeHThl Bpemenu: Y(-1), y(0), y(@),
y(2).

y=1 =

y@®) =

y(0) =

y(2) =

JlomorHuTeIbHBII TEcT Ne 2
Beenenue B iu¢poBbie PUIBTPHI

1. Paccmorpum ®HY ¢ 4YacTOTHOM XapaKTEpUCTUKOW, MPEICTABIEHHOM Ha PUCYHKE

HIDKE.
H(e®)
1

vo»

I | I |
-t -n/2 0 /2 T

Uro sBngercs BeIXomoM Y(n) oaToro ¢uiabTpa, €CIM BXOJHOE BO3JEHCTBHE

x(n) = cos(E nj + sin[E nj + 0.5005(3—7t nJ ?
5 4 4
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y(n) =

3ameuanue. OOpaTuTe BHUMaHHE Ha TO, YTO B 3aJaue YacTOTHAS XapaKTEPUCTHKA
MIPEICTaBJICHA B BelecTBeHHOW Gopme, To ecth DUX dbunbTpa mpeamnonaraeTcss paBHON HYIIIO.
[Ipu pemienun 3agauu HEOOXOAUMO BCIIOMHUTH, Kak BozjedcTByeT AUX Ha aMIIMTyAHBIN
CIIEKTp cHUTHajia (TeopeMa O CBEpTKe). 3Has 3TO, KaKWe-TO BBIYUCIICHHS, CBSI3aHHBIE C
UCIIOJIb30BaHUEeM  mpeoOpasoBanus Dypre  auckperHoro Bpemenu (amrin.  Discrete-
TimeFourierTransform), Bam He moHag00sTCA.

i . .
2. Ilyets X(N) = COS(E nj MIpe/ICTaBIseT cOOON CUTHANI, TOJJaBaeMblii Ha BX0Jl (hUiIbTpa C

o . 1. (=
UMITYJIbCHOM XapaKTEePUCTHKOM h(n)= 3 sinc T ni. Berunciure CHUTHAJ

o0
y(n) = Zx(m)h(n —m) Ha BbIXOAE (GHIBTPA M YKaKUTE B OTBETE TO, YEMY PaBEH BHIXOJ B
m=-—o0

MOMeHT BpemeHu N =5, 1o ectb Y(5).

y() =
3ameuanme. [Ipu pemeHnn 3a1a4u MOCTapaTeCh UCIOIB30BATH YACTOTHYIO O0JIACTH M
TEOpEMY O CBEpTKE, NpeiBapuTeIbHO onpeaenus Gopmy AUX ¢uibTpa 1 ero yactory cpesa.

3. Ucnonb3ys komangy runproblem 3.p 3anycture B MATLABp-daiin (ananor m-
daiina, HO CO CKPBITBIM KOZOM), HAXOSIIMICS B IMAINKe C TECTOBBIM 3aJaHHWEM. 3aITyICHHBIH
KOJI TO3BOJIUT TIOCTPOMTH HYJb-TIONIOCHYIO JMarpamMmy (QuibTpa, MpEICTaBISIONIET0 COOOH
JINC-cuctemy. IlpoananmusupyiiTe auarpaMmy U OIPEACIUTE YACTOTHYI H30MPaTEIbHOCTD
(®HY, ©BY, 10, PD) dunbtpa, €ro nopsiok ¥ pe30HAHCHYIO YacTOTYy.

YacTtoTHast U130MPATEIbHOCTD:

[Topsaok dpuabTpa = .

Pe3onanchas gacrora = panuas.

4. 3anycrute B MATLABM-@aiin problem 4.m, HaXOAAMMICA B MaNKe ¢ TECTOBBIM
3ananueM. IlpennoxeHHbIN Ui aHamu3a KOJ MO3BOJIIET 00paboTaTh aJAIUTUBHYIO CMECh JBYX
TFapMOHUYECKHUX CUTHAJIOB, UMEIOIIMX OIpe/IelIeHHbIe aMILTUTY/Ibl, HadaJlbHble (Da3bl U YaCTOTHI.
B kauectBe (uibTpa, ydacTBYIOIIErO B 0OpaOOTKE HCIOJIB3YETCS YaCTOTHO-M30MpATETbHBIMN
BUX-punpTp. Beibepute npaBUiIbHBIN OTBET (OTBETHI) U3 BAPHAHTOB, MTPEJICTABICHHBIX HIDKE.

a) Ucnonb3yeMblil pUIBTp SBIISETCS PEKEKTOPHBIM.

6) Hcnonb3yemblil pUIBTP ABISETCS TOJTOCOBBIM.

B) l'apmonuka Ha uactore 0.0l pagman mpomyckaercs, a TapMOHHMKa Ha YacTOTE
0.5m paamaHT moxaBusieTCs.

r) l'apmonnka Ha uacrore 0.5m pagman mnpomyckaercs, a TrapMOHHMKa Ha 4YacTOTe
0.01n paguaHT mogaBseTCs.

1) O6e rapMOHUKH TTPOITYCKAIOTCS UCIIOJIB3YEMBIM (PHITBTPOM.

5. Beraucnuts z-npeoOpazoBanue mocnegoBareabHocTd X(N) =n-1(n), ykazaB o6nacTh
cxogumoctu X (z).

X(z2) =

3ameuanue. Eciu  o0macte cxomuMocTH  Z-mipeoOpa3oBaHHMsi B OTBETe Oyjer
OTCYTCTBOBAaTh, OTBET 3aCUUTaH HE OyeT!
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6. Beraucnute oOpaTHoe Z-ipeodpazoBanue X (Z) = , |Z| >04.

1
(1— o.4z‘1)2
x(n) =

3ameuanue. HpI/I PEIICHUHU 3aJa49u O6paTI/ITC BHHUMAHHUE Ha KPAaTHOCTH ITOJIFOCA.

7. lano pa3HOCTHOE ypaBHeHHE, onuchiBaotiee JIMC-cuctemy:
y(n)—-5y(n—-1) +6y(n—2) =x(n—-1).
Onpenenuts nepenarounyro Gpynkmuo H(z) 3Toit cuctemsl.

H(z) =

8. JIUC-cucrema onuceIBaeTcsi pa3HOCTHBIM YPaBHEHHEM
y(n) —y(n—1)+0.25y(n—2) = x(n) —0.25x(n —1) .
Haiinure nMmmynscHyI0 XapakTepuctuky h(n) 3Toii cucTeMsl, a Takke OTKIUK Y(N) CHCTEMBI Ha

x(n) = (0.5)"1(n), mpu HyNEBHIX HAYANBHBIX YCIOBHSIX.
h(n) =
y(n) =

9. PaccMOTpHM CHCTEMY, HpeCTaBjIeHHyI0 Ha pucyHke Huke. Ilycts H(el®) sBnsercs
. . . . T
YAaCTOTHOM XapakrepucTukon uuaeansHoro ®HY ¢ wacroroin cpesa g = 1 Paccmorpum nBa

curHama Xq(N) u Xo(N), KaKAbI M3 KOTOPHIX B OTICIBHOCTH MOAAETCS HA BXOJ CHCTEMBI.
[Tycte curHambl X((N) u Xp(N) sBasiroTCs y3KOMONOCHBIMH. [lojoca 4YacTtoT, B KOTOPOW

T T
COCPENOTOYEH CUTHaN Xq(N), ompesernsercs AnanasoHoM {