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1. llesan ocBOEHMSsI AN CIMIIJIMHbI

Lenbto ocBoenust AucHMIUIMHBL «OCHOBBI IU(GPOBON 00paOOTKH CUTHAJIOBY» SIBIISETCS
MOJTrOTOBKA CTYICHTOB 110 BOIIPOCAM TEOPUU 00PaOOTKHU CUTHAJIOB TMCKPETHOTO BPEMEHHU.

B npouiecce npenoaaBanus JUCHUILUIMHBI PEIIAIOTCA CIEIYIONINE 3a1a4u:

— H3y4YeHHE OCHOB (hyHIaMEHTaIbHOW Teopuu mudpoBori oopadotku curranos (IIOC)
B YacTH 0a30BbIX MeTo/oB W anroput™MoB [[OC, WHBapuWaHTHBIX OTHOCHUTEIHHO
¢u3nUeckoil mpuUpoIbl CUTHATA, U BKIIOYAIONINX B ceOs: MaTeMaTHYECKOE OMHCAHUE
(MaTeMaTH4ecKre MOJIENH) JUHEHHBIX JUCKPETHBIX CUCTEM U JIMCKPETHBIX CUTHAJIOB,
BKJII0Yas JUCKpeTHOe 1 ObicTpoe mpeoOpa3oBanue Dypre (AI1D u BIID);

— W3y4YeHHE OCHOBHBIX 3TANoB MpoeKTHpoBaHUs HU(PoBbIX (puibTpoB (LID); cuntes n
aHanu3 [{® 1 ux MaremMaTH4eCKOe ONMUCAaHUE B BUIE CTPYKTYP;

— U3Y4YEHHE MPUHIHUIIOB MOCTPOCHHUSI MHOTOCKOPOCTHBIX cucteM [{OC;

— H3y4YeHHE OCHOB TEOPUHU BEHBIET-IIPeOOpa3OBaHNUS;

— H3y4YeHHE OCHOB T€OPUH AJANTUBHON QUIBTPALIUHN LIHU(PPOBBIX CUTHAJIOB;

— O3HaKOMJIEHHE C 6a30BBIMH BOMPpOCaMU 00paOOTKHU ITU(POBBIX N300paKCHHUI;

— H3Yy4YEHHE COBPEMEHHBIX CPEJICTB KOMIBIOTEPHOTO MOJETUPOBaHNUs 0a30BbIX METO/IOB
u anroputmoB [{OC.

2. Mecto nucunminnel B ctpykrype OII 6akanaBpuara

JlaHHas OUCILUILIMHA OTHOCHTCS K 00S3aTeIbHOM YaCTH.

Jlis u3yueHus: OUCHUIUIMHBI TpeOyeTcss 3HaHWE OCHOB TEOPHH CHUTHAJIOB M Ilerei
JTUCKPETHOT'O BPEMEHH, U3yYaeMbIX B AUCUUILTNHE « T€Opuu AJIeKTpUYecKuX Lemnei (4acts 2)», a
TaKXKe MaTeMaTHYecKuX KypcoB: «Teopus (yHKUMH KOMIUIEKCHOW mepeMeHHo», «Teopus
BEPOSITHOCTEN M MAaTeMaTHYECKasi CTaTUCTHKay. DopMupyeMble HABBIKM B XOJI€ OCBOEHUS Kypca
«OcHOBHI 1TU(POBOI 00paOOTKHM CUTHATIOBY HA dTamax MalbHEHIIero o0y4eHus: MOTYT SIBISTHCS
CPEICTBOM BBIMIOJIHEHUSI HAy4yHBIX pabor. CreayeT OTMETUTh JIWHAMHUKY MOCTOSIHHOTO
COBEPILEHCTBOBAHUS CcUCTeM LH(POBOl 00pabOTKM CHUTHAIOB, YTO TpeOyeT OT Mpolecca
IpenoAaBaHusl MOCTOSIHHOM T0pa0OTKH U NepepadOTKH HEKOTOPBIX Pa3/ieiioB.

B cBoro ouepenp naHHaAs AMCLMILIMHA, IOMUMO CaMOCTOSITEIbHOIO 3HAUEHUS, SIBIISETCS
BCIIOMOTaTenpHOM g nucuuiuinHbl  «lludpoBblie cucTeMbl mepenaun», a Takxke psjaa
JTUCITUILIAH TIO BBIOODY.

3. [lnanupyemble  pe3yabTaTbl  O00y4eHMs 1O JWCOMIUIMHE, COOTHECEHHbIe €
IUIAHUPYEMBIMH pe3yJIbTaTaAMHU OCBOCHHS 00pa30BaTe/IbHON NMPOrpaMMbl

[Iponiecc wm3ydeHUs AMCLUUIUIMHBI HaNpaBieH Ha (OPMUPOBAHHME CIEIYIOIUX 3JIEMEHTOB
komrnereHmii B coorBerctBuu ¢ ®I'OC BO, OIl BO u npuobpeTeHus Cleayloux 3HAHHM,
YMEHUH, HaBBIKOB U (UJIM) OIBITA AEATEIbHOCTH!



Nuaukarop

®opmupyemast
AOCTHKEHHA
KOMIIeTEeHIIUs Ilepeuenn
KOMIIETEeHIINA
(ko u (xon 1 IUIAHMPYEMBIX Pe3yJIbTATOB 00y4eHUs
OpMYJIHPOBKa
(bopmyJp ) ¢opmyanpoBka)
OomenpodeccnoHaJbHbIe KOMNETEHIHH
OIIK-1. Cnocoben NJI-OI1K-1.2 3HaTh:
HCIIOIB30BaTh [Tpumensier — METOJBl MaTeMaTH4YEeCKOTO OMFCAHWS JHMHEWHBIX
MOJIOKEHMS, 3aKOHBI | MaTeMaTHYECKUN AUCKPETHBIX CUCTEM;
¥ METOJTBI ammapar, — OCHOBHBIC JTambl MPOSKTUPOBAHUSL ITU(PPOBBIX

CCTCCTBCHHBIX HAYK
Y MaTeMAaTUKH JIJIs
pelieHus 3aaa4
WHKEHEPHOM
ACATCIIbHOCTU

buznyecKre 3aKOHBI
U TCOPHH JIJISI
peleHus
TPUKIIAHBIX U
TEOPETUYCCKHX 337134

(buIsTPOB;

OCHOBHBIE METOABI CHHTE3a M aHaJIN3a 4aCTOTHO-
M30MpaTENbHBIX UG POBHIX (GUIBTPOB;

METOBl MaTEeMaTHYECKOTO OMHCaHUs IU(PPOBBIX
(WIBTPOB B BUE CTPYKTYPHI;

METOA MaTeMaTHYEeCKOTO OIMCAHUS TUCKPETHBIX
CUTHAJIOB c MOMOIIBIO JTUCKPETHOTO
npeobpazoBanus Oypbe;

ITOPUTMBI ObICTpOTO MpeodpazoBanus Oypee;
MPUHIMIEI TIOCTPOCHUSI CUCTEM HHTEPIOJSAINN U
JeurMalny, a Takke OaHKOB (PUIIBTPOB;

OCHOBBI TEOPHH BEHBIIET-TIPE0OPa30BAHNS;
OCHOBBI TEOPHH a/IaNITHBHON (DMIIbTPAIUHL;
0a30BbIC DJIEMEHTHI TEOpUH P POBOIT 00PaOOTKH
M300paKeHH.

YMeTh:

OOBSICHATH MAaTEMaTHYECKOE OMHMCAHHUE JIMHEHHBIX
JUCKPETHBIX CUCTEM B BHJIE aJITOPHUTMOB;
BBIMOJIHATh ~ KOMIIBIOTEPHOE  MOJEJIMPOBaHNE
JUHEHHBIX JUCKPETHBIX CHCTEM HA OCHOBE HX
MaTEeMaTHYECKOT'O OMUCaHUS;

3a1aBaThb TpeOoBaHUs K YaCTOTHBIM
XapaKTepPUCTUKAM ITU(PPOBBIX PUIETPOB;
000CHOBBIBaTh BHIOOP THITA MH(PPOBOTO (DHIBTpA,
KUX- nnu BUX-¢punprpa;

CHHTE3UPOBATh nudpoBoit bUIBTP
W aHaJIM3HPOBAThH ero XapaKTePUCTUKU
CpeACTBaMH KOMIIBIOTEPHOI'O MOZEIMPOBAHUS;
00OCHOBBIBATh BBIOOP CTPYKTYpHl LU(PPOBOTO
dbuneTpa;

Beiuncnath  JIII®  auckpeTrHoro
c moMompl0  anroputMoB  BIID
KOMIIBIOTEPHOI'0 MOJIEJIUPOBAHUS;
OOBSICHATh ~ NPHHLUUIBI  MOCTPOCHHS  CHUCTEM
UHTEPNOJALUN ¥ ACLUMAalluM, a TaKkKe OaHKOB
(UIBTPOB;

OOBSICHATh TPHHIUITBI MTOCTPOCHUSI CHCTEM Ha
0ase  BeiBieT-peoOpa3oBaHUs W TEOPUH
aIanTHBHOM (DWIILTPAIHH.

cUrHana
CpeacTBaMu




Bnaners HaBbIKaAMMU:

MOCTPOCHHS, aHATM3a H KOMITBIOTEPHOTO
MOJICJINPOBAHUS CHCTEM HUPPOBOIT 06paboTKH
CUTHAJIOB.

4. O0beM, CTPYKTYpPA U COAEpPKAHUE TUCUUNIMHBI

OO6m1ast TpyA0€MKOCTh TUCIUIUIMHBI COCTABIISIET 3 3a4€THBIX eMuHUIIb, 108 akaj. yacos.

Ounas ¢popma o0yueHust

Ne Temsl (pa3nesibl) Buabl yueOHbBIX 3aHATHI, @opMBI TEKyIIEro
n/m AUCIHUTLIHHBI, o BKJIIOYAs1 CAMOCTOATEIBHYIO KOHTPOJIA
HX cojiep:KaHue 5 padoTy CTYA€HTOB, ycneBaemMocTH
S U UX TPY/10€MKOCTh ®opma
3 (B aKaleMHYeCKHX Yacax) NMPOMEKYTOYHOM
arTrecTauMu
(no cemecmpam)
KonTakTHast padora
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1 |BBenenue B kypc «OCHOBBI 5 3 2,7 |TectupoBanue
QpoBoii 06padoTKu
CUTHAJIOBY»

2 |duckpeTtHOE 5 3 4 |TectmpoBaHue, 3a1aHNC
npeoOpazoBanue Dypne. JUTSL CAMOCTOSITEIbHOU
BbricTpoe mpeobpazoBanme paboThI
Dypre

3 |OkoHHOE TpeoOpa3zoBaHue 5 2 4 |TectupoBaHue
dPypre

4 |BBenenwue B MU POBLIE 5 2 4 |TectmpoBanmue
OUIBTPBI

5 |CoenuanbHbIE THUIIBI 5 6 3 5 |TectupoBanue, 3a1aHue
U POBBIX (GHUITBTPOB IUIsL CAMOCTOSITEIBHOM

paboTHI

6 |Cunre3 KUX-¢punprpos 5 4 2 5 |3amanue

IUIsL CAMOCTOSITEIBHOM
paboThI

7 |Cunre3 BUX-¢punprpos 5 4 3 5 |3amanue

JUIs1 CAMOCTOSITENBHOU
paboThI

8 |MuTepnonsguus, qenuManus 5 4 3 5 |3amanme
1 0aHKH (QUITBTPOB JUTSL CAMOCTOSITEITbHOU

paboThI

9 |Teopus BeiiBner- 5 2 3 2 5 |YcTHBIH onpoc
peoOpa3oBaHus

10 |Teopus aganTHBHOM 5 2 3 1 7  |YcrHBIH ompoc
dbunpTpauu

11 |®unprpanys u yaydlIeHHue 5 2 5 |YcTHBIHI onpoc
n300pakeHu i
(onmmoHAIRHO)




Bcero 5 | 34 17 | 3 51,7
5 2 103 3auer
Bcero ¢ 3auerom 5 | 34 17 | 5 | 0,3 | 51,7

Coneprxanue pa3iesoB AUCITUTITHHBI:

Tema Ne 1
Bgenenue B kypc «OcHOBBI IU(POBOIT 00pabOTKH CUTHATIOB)

Yro Takoe curHan? @yHaaMeHTaIbHbIE KOHIENIUU B IU(PPOBOH 00pabOTKE CUTHAJIOB.
XpaneHnue, o0paboTka u Tmiepeada MUGPOBBIX cuUrHaiIoB. Ilepemada curHaioB uepes
TpaHcaTIaHTHYECKUH Kabenb Mexny EBpomoil m Amepukoil. CUTHaNIBI JUCKPETHOTO BPEMEHH
U ux npumepbl. CUrHaNIbl KOHEYHOW M OECKOHEYHO JUIMHBI, IEPUOIUYECKUE U HEEPUOAUUECKUE
CHUTHAJIbI. DJIEMEHTapHBIE ONEpaTOphl, UCIOIb3yeMble P 00pabOTKE CHTHAJIOB TUCKPETHOTO
BpEMEHU. DHEPrusi ¥ MOIIHOCTh. Pa3zHuma mexmy «udpoBOil» M «aHATIOTOBOW» YaCTOTAMH.
BocnpousBenenue 3Byka Ha MepcOHATBHOM KOoMIbioTepe. OCHOBHBIE «CTPOUTEIBHBIEY» OIOKH
cucteM 1UppoBoit 00pabOTKKM CUTHATIOB (CyMMAaTOp, YMHOXKHTEIb, 3a/iepkKa). [Ipumepsr cxem,
MIOCTPOCHHBIX U3 OJO0KOB IUPpoBOK 00paboTku curHanos. AnroputM Kapmimyca—Crponra.

Tema Ne 2
Huckpernoe npeodpazoBanue Dypoe. bricTpoe npeodpazoanue Oypre

Uto takoe cnektp? Ocuuiuisiuuy B npupoje. Bocnpuarue okpyskarouiero npocTpaHcTBa
YEJIOBEUECKUM YXOM U TJia3oM. Pa3znokeHue curHajla 1o TapMOHMYECKHMM KOMIIOHEHTaM.
[TocnemoBaTeIbHOCTH KOHEYHOW MJIMHBI, IHUCKpeTHOe TmpeobOpazoBanne Dypre. Pazmerka
4acTOTHOW ocu. CHHTE3 CHUTHAJIOB M T€HEpaTop CUHYyCOUIbl. BpoXkneHHas NepuoaAUYHOCTH
TUCKpeTHOTO TpeoOpaszoBanust Dypwe, auckperHoii psanx Dypee. ITlocmemoBaTenpbHOCTH
OECKOHEUHOW JUIMHBI (Hemepuoauveckue), npeodpazoBanue Dypbe AUCKPETHOTO BPEMEHH.
O6mmas uaes O6picTporo npeodpazoBanus Dypbe. Anroput™ ObICTporo npeodpazoBanus Oypbe
C OCHOBaHHUEM 2 C MPOPEKUBAHUEM I10 BpeMEeHHU. AJNTropuUTM ObIcTporo mpeoOpa3oBaHus Oypbe
C OCHOBaHHEM 2 C MIPOPEKUBAHUEM I10 YACTOTE.

Tema Ne 3
OxonHoe mpeodpazoBanue ypre

OOmass uzaes OKOHHOro mpeodOpasoBanuss Dypne. Bompockl, BO3HUKaIOUIME TPU
UCTOJIb30BaHUU OKOHHOro mpeoOpasoBanus @Pypee. CnekrporpaMmma U €€ pa3MeTKa.
Hcnonp3oBaHne OKOHHBIX (yHKIUE pa3HON mmuHBL JlekogupoBaHHE JIByXTOHAIBHOTO
MHOI'0YaCTOTHOIO CHrHajla, OaHK (PUIBTPOB, CUHTE3 MOJOCOBBIX (PUIBTPOB C MCIIOJIB30BAaHHEM
METO/A pa3MEILECHNS HYJIEH U ITOJIFOCOB.

Tema Ne 4
Brenenue B iudpoBsie PribTpbl

OO0mme mMoIOKEHUs, MAaTeMaTHYEeCKUI anmapar, Kiaccupukauu nu@poBbIX (GUIBTPOB.
BUX- u KUX-punbTpsl (nocTonHcTBa U HemocTatku). CBepTka (meproauyeckas U JIMHEHHas.,
cBoiictBa cBepTkH). Ilepemarounas ¢yukmusas, AUX, OUX, wmnynbcHas XapakTepUCTHKA,
nepexo/iHasl XapaKTepUCTHKA.

Omnpenenenue udpoBoro GuiIbTpa B MMPOKOM M y3KOM cMbiciie. CriocoObl peann3aun
mdpoBsix ¢uibTpoB. Ilpomecc npoexktupoBanus HUPPOBBIX GHIBTPOB. CrocoObl 3amaHus
TpeboBaHui K IUPPOBHIM QUITBTPaAM.



Tema Ne 5
CrenanbHble TUTTBL TUPPOBBIX (PUIBTPOB

I'pynmoBast  3amepxka, (azoBas 3azxepxkka. KUX-pumptper ¢ nuneitnoit dUX
(oKa3aTeabCTBO CHUMMETPUYHOCTH M AHTUCUMMETPUYHOCTH MMITYJbCHOM XapaKTepUCTUKU
s ciydass KUX-¢unsrpoB ¢ nunedinoit ®UX, ¢unptpel Thma 1, Tuma 2, tumna 3, tuna4,
WX JIOCTOMHCTBA W HEJOCTaTKH, pacnoioxkenue Hyner KUX-punbrpoB ¢ nmueiHON (a3oii).
Bcenponyckatome  ¢GuIbTpbl, HUX CBOMCTBA M HIpUMEHeHHe. MUHHMMaIbHO-(a30BbIe
1 MakcUMaibHO-(a3oBbie cucTeMbl. CHCTEMBI ¢ 00paTHOM CBA3BIO.

Tema Ne 6
Cunte3 KUX-punbrpos

TpeboBanusi, mpeabsBiIseMble IPU CHHTE3€ 4acTOTHO-u30uparenbHbix KUX-punbtpos
(®HY, ®BY, I1®, PD). Meroasl cunteza KNUX-bunbTpoB (MeTOA OKOH, METOJ] YacCTOTHOMU
BbIOOpKH, MeTo1 [lapkca-Makkiiennana).

Cunre3 KUX-bumbTpoB MeTomoM oKoH (oOmast (GopMyIMpoBKa, ONpEACICHHE OKHA,
3TaIbl CUHTE3a, sBiieHre ['nb0ca, olmre cBOMCTBA U XapaKTEPUCTUKU OKOH, TPUMEPbI OKOHHBIX
GbyHKIMA, JOCTOMHCTBA W HeAocTaTku Merona). OntumanbHoe okHO Kaiizepa (cyTh
ONITUMAJILHOCTH, MTAPAMETPBI, OTIPEIENISIONINE OKHO).

[TocTaHoBKa 3amayu ONTUMAIBLHOTO CHHTE3a. Mepa Omm3octu. YeObIméBckas mepa
onmuzoctu. CpenaHekBaapartudeckas mepa Oinmu3octd. OCHOBHBIE 3Tallbl ONTUMAIBLHOTO CHHTE3a
nudpoBbix ¢uabTpoB. Cunte3 KUX-dunstpoB Meromom Ilapkca-Makkiemrana (oOmras
dopMynHMpoBKa MeTOza, TeopeMa dYepeloBaHMs, alrOpUTM 3aMeHbl Pemesa, TOCTOMHCTBA M
HenocTatku anroputma [lapkca-MakkieniaHa).

Tema Ne 7
Cunte3 BUX-¢punstpos

Mertoapl cunreza BUX-¢unbrpoB (cuHte3 BUX-(unbTpoB Ha OCHOBE aHAJOTOBBIX
¢bunsTpoB npoTtoTunoB U cuHTe3 BUX-punstpoB B 1mudposoit odmactu). CriocoObl 3amaHus
cneundukanuit s cuatTe3a BUX-puibTpos.

AmnanoroBbie GuibTphl IpoToTUTEl. PUIBTp barTepBopra (kBagpar AUX, nepenarounas
(GyHKLIHMSA, HYIH U TOJII0CA, YAaCTOTa Cpe3a M €€ HaXOXKJCHHE uepe3 crerudukanuu (QuibTpa,
STambl CWHTEe3a (UIbTpa, BBIBOJ (OPMYJbl HAa BBIYUCICHHE Topsaka (GuibTpa). OHIBTPHI
UeObmméBa Tuma | m Ttuna2 (momuHombl YeOwnimiéBa W uX CBOMCTBa, kBagpar AUX,
nepenaToyHas (yHKUUs, HYJId W TOJIOCA, YacTOTa cpesa, dTambl CUHTEe3a (DUIBTPA, BHIBOJ
dopMynbl Ha BBIYHCICHHME TOpsAKa (GWIbTPa). ODJUIMNTHYECKUN QUIBTp I QUILTP
3onotapeBa-Kayspa (ammuntuueckne ¢yHkumu SAkoOum u ux cBoicTBa, kBaapaT AUYX, cyTs
ONITUMAIILHOCTH (QHUIBTPA, (PopMyIia 7Sl BHIYUCICHUS OPsiiKa GUIbTpa).

Cunre3 BUX-hunbTpoB Ha OCHOBE aHAIOTOBBIX (GHIBTPOB mpoToTuroB. CBoWCTBa
oToOpakeHHsI, MpPeoOpPa3OBHIBAIOIIECTO aHAJIOTOBBI (QuiIbTp B 1UdpoBod. J[Ba crmocoObI
nepexoga ot aHajgoroBoro ®HY k xemaemomy 1udpoBOMy, YacCTOTHO-U3OHUpATEIHLHOMY
¢wieTpy: ©HY, ®BY, IIdD, PO. Meron HHBApHAHTHOIO MPEOOpPA30BaHHUS HMMITYJIbCHON
XapakTepUCTUKH (001mass GopMyIUpPOBKA).

bununelinoe z-npeoOpa3oBanue (obOmas GopMyIHpPOBKa, Tpauueckas HHTEPIpETaIns,
KOH(OpPMHOE OTOOpa)KeHHE, CBOMCTBA, COOTHOLICHHE MEXJIy YaCTOTHBIMH IIKaJaMu



aHAJIOTOBOTO M IU(POBOr0 (PUIBTPOB, JOCTOWHCTBA W HEIOCTATKH METOJa, JTalbl CHHTE3a
¢ poBoro GUIbTpa Ha OCHOBE IAHHOTO METOAA).

Cunre3 BUX-dunbtpoB B mudpoBoii obmactu. Metos pasMelieHus] HyJIei U MOJIOCOB
(oOmast popMynHupoBKa, JOCTOMHCTBA U HEIOCTATKU, MPUMEp CHHTE3a U(poBoro GuibTpa Ha
OCHOBE JTAHHOTO METO/1a).

Tema Ne 8
WNuTtepnonsius, neuuManus 1 0aHKu GUIBTPOB

MeToapl U3MEHEHHUS 4acTOThl JUCKpeTH3anuu. llenu nenMManuu ¢ 1EI0YHCIEHHBIM
koddurmentom M. TIpoekTupoBaHue W peanu3anus aenuMmartopa. llemu WHTEpHONSAIUU C
nejaounciaeHHbIM Kodddurmentom L. IIpoekTupoBanue W peanusanus uHTepnoysTtopa. Llernm
npeoOpa30BaHus YaCTOTHI C pallMOHATBEHBIM K03 dunmentom L/M.

MHoOrockopocTHbIE TOXAeCTBA. baHku (uiabTpoB. PaBHOMepHBIM OaHK (GHIBTPOB. L-
nonocHeld KUX-¢punbtp. JIByxkaHanbHblii OaHK (UIBTPOB (CTPYKTypHas cCXema, BBIBOJ
YCIIOBUSI TOUHOTO BOCCTAHOBIICHUS).

Tema Ne 9
Teopus BeiBieT-MpeoOpa3oBaHuUs

OcHoBHblEe MpOOJEeMbl MPAKTUYECKOTO HCIOJb30BaHUS TpeoOpazoBanus Dypbe.
Onpenenenne  BeiiBiera.  IlocTtpoenune — BeiiBner-Oaszuca.  HempepwsiBHOe — BelBIeT-
npeoOpa3zoBanne. JluamHoe BeiBieT-npeoOpazoBanue. (OCHOBHBIE TIPU3HAKK BEUBIETA.
OcHoBHBIC CBOICTBa BeliBleT-aHanu3a. [[MCKpeTHOe BeWBIET-peoOpa3oBaHUE U €ro CBS3b C
KpaTHOMacImTaOHBIM aHamu3oM. Macmrabupyomas ¢ysknus. BeliBier-gynkmus. beictpoe
BeiiBieT-npeoOpazoBanre. YacTOTHBIA MMOAXOJ K BBIIOJHEHHUIO BEHUBIET-IIpeoOpa3zoBaHus
(amroputm Mamma). Mneonorusi moctpoeHus aiaroputMa (GuiIbTpalii Ha OCHOBE BEUBIIET-
npeoOpazoBaHus (OCHOBHBIC ATAIBI U ITAPAMETPHI).

Tema Ne 10
Teopust ananTuBHOW PUIBTpALIH

AnantuBHbld GuiIbTp. OCHOBHBIE KOMIIOHEHTHI, BXOJSIIME B COCTAaB aJalTHUBHOIO
¢mibTpa. ANTOpuTM OBICTPEHIIEro crycka. AJZanTUBHBIA alrOPUTM HAUMEHBIIUX KBAJPaTOB U
€ro CcXOauMOCTh. [IOBEpXHOCTh MPOM3BOAUTENBLHOCTH. [IpuMepsl NpHIIOKEHHI aganTUBHOMN
00pabOTKM CUTHAJIOB (337a4a CUCTEMHON MAECHTHU(HKAINHY, 3a7aya MOAABICHHS Y3KOMOJIOCHON
MOMEXH B HIMPOKOIMOJIOCHOM CHUTHAJIE, 33a/1a4a MMOAABIICHHUS ITUPOKOMOJIOCHOM MOMEXH Ha OCHOBE
a/IaTUBHOT'O CAaMOHACTPanBaIoOUIerocs GUiIbTpa).

Tema Ne 11
OunbTpanys ¥ yaydiieHue n300pakeHn (OMIMOHAIBHO)

O6paboTka W300pakeHU. YydilleHWe W BOCCTaHOBIeHHWE u300paxeHuit. L{udposoe
u3o0paxkenne kak ¢yHkuusa. Ilouemy wuzoOpakeHHE MOXKET MONYy4UThCs IUI0X0? ToHOBOE
pacrpenieneHue M rpajaloHHble npeodpazoBaHus. OuibTpanus u3o0paxeHnil. Buapl mrymos.
Macka u Beca. Kpocc-koppernsiuust u cBeptka. Henunelinas gunbrpanus. Meauansbiii GuibTp.
Jletanu peanu3anuy KpoCC-KOPPENALUU U CBEPTKH.

IIpeoOpasoBanue Dypne. bazucueie Qynkuuu npeobdbpaszoBanus Dypse. [IuckperHoe
npeoOpazoBanne Dypbe u ero oodpamenne. MudpopmaTuBHOCTH ha3bl M aMIUIUTY B Teopema o
CBEpTKE M (PUIBTpAIHs B YACTOTHOM 00JacTu.

Cnucox n1adopaTopHbIX padoT

1. Cunres mudppossix KUX-huibTpoB METOIOM OKOH.



Cunre3 mudpobix BUX-GuasTpoB MeTO10M OMIIMHEHHOTO Z-TIpeoOpa3OBaHMs.
Cunte3 ontTuManbHbIX 10 YeobiméBy KNMX-punbTpos.

MHorockopocTHas 1udpoBasi 00padoTKa CUTHAJIOB.

O06paboTka CUTHAJIOB Ha OCHOBE BEUBIET-IIPEOOpPa30BaHMU.

[IpumeneHnue aganTUBHON (QUIBTpPAIIMU B 00pabOTKe ITU(DPOBBIX CUTHAIOB.

NNl e

5. O0pa3oBaTe/ibHbIe TE€XHOJOIMH, B TOM YHCJIE TEXHOJOIUHM IJIEKTPOHHOI0 O0OyYeHUS H
AUCTAHIMOHHBbIE 00pa3oBaTeJbHbICe TEXHOJOTHMH, HCIOJb3yeMble NPH OCYIIECTBJICHHHU
00pa3oBaTeILHOIO NMpouecca Mo JMCUHUILIHHE

B mporecce oOydeHHs COOTBETCTBYIOMIEH TUCIUIUIMHE WCIONB3YIOTCS CIEIYIOIIHE
o0Opa3oBaTesibHbIE TEXHOJIOTUU:

BBopHas geknmsi — Ja€T MEpBOE  LIEJIOCTHOE IMPEACTABICHHE O JIUCLUIUIMHE
Y OPUEHTHUPYET CTYJIECHTAa B CUCTEME M3YyYEHMS AAHHOW AMCHUIUIMHBL. CTYJIEHTHI 3HAKOMSTCS
C Ha3HAYCHHMEM M 3aJa4aMU Kypca, €ro pojbi0 M MECTOM B CHCTEME YYEOHBIX TUCIMILIMH
U B CHCTEME IMOATOTOBKM B IesioM. JlaeTcs KpaTkuii 0030p Kypca, UCTOpHs pPa3BUTUS HAyKU
U MPAaKTHKH, JOCTIDKEHUS B JTOH cdepe, UMEHa M3BECTHBIX YYCHBIX, H3JaraioTcs
NEPCIEKTUBHBIE HAIpaBIeHUs nccaeaoBaHuil. Ha 3Tol JeKuuy BBICKA3bIBAIOTCA METOOUYECKUE
U OpraHu3alMOHHBIE OCOOEHHOCTH PAa0OTHI B paMKaxX JNAaHHOW IMCLUUIUIMHBI, a TaKXe JIaeTcs
aHaJIN3 PEKOMEHTyeMO Y4eOHO-METOIMUYECKOU JTUTEPaTYPHI.

AxkaneMuyeckasi JeKus (WK JEKIUs 00IIEro Kypca) — MOoCIe0BaTebHOE U3II0KEHHE
MaTepuana, OCYIIECTBIIEMOE NPEUMMYIIECTBEHHO B BHJE MOHOJOTAa  IPENOJaBaTelIs.
TpeboBaHust K aKaJAeMUYECKOH JIEKIIMU: COBPEMEHHBIH HAy4YHBIH YpPOBEHb M HACHIIICHHAS
MH(OPMATUBHOCTb, yOeouTeNlbHAas apryMeHTalus, JAOCTYNHas U TOHATHAs peyb, 4YeTKas
CTPYKTypa W JIOTHKA, HaJU4Me SPKUX HPUMEPOB, HAYUYHBIX JI0KA3aTEIbCTB, OOOCHOBaHMIA,
(bakToB.

JlabopaTopHoe  3aHsiTHe — 3aHATHE,  HANpPABIEHHOE Ha  DKCIEPUMEHTAIBHOE
MOATBEPKIECHNE TEOPETUUECKUX MTOJIOKEHUMN.

Koncynbranusa — 3aHsATHE nepel] NPOBEACHHUEM 3a4eTa, Ha KOTOPOM IPOBOAUTCS
KOHCYJIbTUPOBaHUE MO0 U3yUYEHHOMY MaTepuaiy, opmMaM 3aaHUil UTOTOBOTO KOHTPOJISL, OTBETHI
Ha BOIPOCHI CTYAEHTOB 110 TUCLUIUIMHE.

6. IlepeyeHb JMIEH3MOHHOT0 M (WJHM) CBOOOAHO PACHPOCTPAHSAEMOr0 NPOrPAMMHOIO
o0ecrneyeHusi, HMCMOJb3yeMOro TMPH OCYIIECTBJICHUH O00pPa30BATEJbHOr0 Mpomecca o
AUCHUTLIUHE

B mpomecce ocymiectBieHuss —00pa3oBaTENBHOTO — Mporecca MO JAUCHHUTUIINHE
UCIOJIB3YIOTCS:

it (popMHpPOBAHUS MATEPUANIOB IS TEKYIIETO KOHTPOJS YCIEBAEMOCTH U TPOBEACHHUS
MIPOMEKYTOUHOI aTTecTauu, st POpMUPOBAHUS METOAMUYECKUX MAaTEpUAsOB MO IUCHUIUIMHE:

- mporpammbl Microsoft Office;

- Adobe Acrobat Reader.

7. IllepeyeHb COBpeMEHHBIX NPOPEeCcCHOHANBHBIX 0a3 JaHHBIX W HWHPOPMALMOHHBIX
CIPABOYHBIX CHCTEM, HCIOJIb3yeMbIX IPH OCYLIECTBJIEHUH 00Pa30BaTe/JBLHOI0 MpoLecca mno
JMCHUIIMHE (MPUA He0OXO0TUMOCTH)

B mpomecce ocymiectBieHuss 00pa3oBaTENBHOTO — Mporecca MO JAUCHHUTUIINHE
HCIOJIB3YIOTCS:

ABToMaru3upoBaHHas ~ OubnanoreuHo-uHpopmannonnas cucrema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

8. IlepeyeHb OCHOBHOM M  JONOJHHMTEJILHOW Yy4eOHOWl  JMTepPaTypbl, PpPecypcoB
HH(OPMAIMOHHO-TEJICKOMMYHHKAMOHHOI ceTn «HMHTepHeT» (IPpH HEO00XOAMMOCTH),
PEKOMEHAYEeMBIX JJIs1 OCBOCHHUS M CUMIIIMHBI


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

a) OCHOBHasI JIUTepaTypa

1. bproxanos 0. A., TlpuopoB A.JI., xuran B. ., Xpsmes B.B. OcnHoBbsl 1mdpoBoi
00paboTku curHasnoB: yue0. mocodue. — Spocnasns: SApl'Y, 2013. — 343 c.

2. Tlpuopos A. JI., Bonoxos B. A., JlaBperTbeB A. M. OcHOBBI IU(PPOBOH 00PAOOTKH CUTHAIIOB.
JlaGopatopHblif  mpakThkyMm:  y4e0. mocobue. —  SpocmaBme:  BVYHI[ BBC
«BBA um. npodeccopa H. E. XKykosckoro u FO. A. T'arapunay (dumuan), 2012. — 195 c.

0) 10MOJTHUTEIbHAS JIUTEepaTypa

1. TapakanoB A. H., Xpsmes B. B., IlpuopoB A.JI. AnantuBHas uudpoBas o0paboTKa
curHayioB: y4e0. mocobue. — Spocmasnb: Apl'Y, 2001. — 134 c. [DnekTpoHHBIN pecypc]. -
URL: http://www.lib.uniyar.ac.ru/edocs/iuni/20010738.pdf

2. bproxanos 1O. A., IIpuopos A.JI. Ludposeie ¢uasTpel: yued. mocodbme. — SApocnasib:
Apl'Y, 2002. — 287 c.

3. bproxanos 0. A. [ludpoBsie nenu u curHanbl: yued. mocodue. 2-e u3a. — Apocnasis: SAplY,
2005.—-153 c.

4. bproxanos 1O. A. JlabopaTopHbIii TpakTUKYM 110 Kypcy «lludpoBsie enu u CUTHAIIB: yueo.
nocobue, 2-e u3z. — SApocnasne: Apl'Y, 2007. — 139 c.

5. Xpsmes B. B., Ilpuopos A. JI., Bonoxos B. A. OcHOBBI TeopuH Ienei: COOPHUK 3aaad. —
SApocnasas: Apl'Y, 2008. — 119 c.

B) pecypcnl cetn «AHTEepHET»:
1. DnexTpoHHast OubnamoTeka yueOHbIX MaTepraioB Apl'Y
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php).

9. MaTepunajbHO-TeXHH4YecKasi 0a3a, HeoOXoauMasi /151 OCYLeCTBJICHUA 00pa30BaTEJILHOIO
npouecca no JTUCHUIINHE
MartepuanpHO-TeXHUUYECKass 0a3a, HeoOXoauMas sl OCYIIECTBIECHUSI 00pa30BaTeILHOTO
mpolecca 1o AUCUUIIIMHE BKJIIOYAeT B CBOM COCTAB ClielUaIbHbIe TOMEILECHUS:
— y4eOHble ayAUTOPUHU I IPOBEICHUS 3aHATUHN JIEKIIMOHHOTO THUIIA;
— y4eOHBIC ayJUTOPUH VISl IPOBEICHUS TA0OPATOPHBIX padoT;
— y4eOHbIe ayIUTOPHUH IS IPOBEICHUS TPYMITOBBIX U MHAUBHIYAIbHBIX KOHCYJIbTAIIUH,
— y4eOHbIE ayIUTOPUU JJisi TPOBEACHHUS TEKYIIETO0 KOHTPOJIS W IMPOMEKYTOUHOU
aTTecTaluu;
— MOMEIICHHUSI JIJIsl CAMOCTOATEIbHOU paboThI;
— OMEIICHHUS ISl XpaHEHUS U NMPOo(UIaKTHIECKOr0 00CTYKUBAHUSI TEXHUYECKUX CPENICTB
o0ydeHusl.
[Tomemnenust y1si cCaMOCTOATENbHON PabOThl O00YYaIOIMIMXCS OCHAIEHBI KOMIBIOTEPHOMN
TEXHUKOW C BO3MOXKHOCTBIO MOAKIIOUEHUs K ceTH «V HTepHeT» m olecreueHueM ocTyrna B
3EKTPOHHYIO HH(POPMALIMOHHO-00pa30BaTENIbHYIO CPEy OpraHU3aliu.

ABTOp:
[Ipodeccop kadeapbr HHHOKOMMYHUKAITUH
U paauopU3UKH, J.T.H. A.JI. Ilpuopos



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

IMpuaoxenne Nel k padoyeil nporpamMMme I CHUATIIAHbBI
«OcHOBBI HU(PPOBOIT 00PAOOTKH CUTHATIOBY

DoH/1 OLICHOYHBIX CPEACTB
AJISl IPOBEACHUs TeKYylIel U IPOMEKYTOYHOM aTTecTalliy CTYAeHTOB
10 TUCHUILTHHE

1. TunoBbie KOHTPOJIbHBbIE 3aJaHUSI MU HHbIE MaTepPUAJIbI,
He00X0AUMBbIe VISl OLeHKH 3HAHNH, YMeHHIi, HABBIKOB M (MJIM) ONBITA JeSITeIbHOCTH,
XapaKTepU3yWIIMUX 3TANbI (POPMUPOBAHUS KOMIIETEHIIH I

1.1. KoHTpoJsibHbIE 321aHNSI U HHbIe MATEPHAJIbI,
HCNOJb3yeMble B MIpoLecce TeKyllel aTrecTanun

Tect mo Teme Ne 1
Brenenue B kypc «OcHOBBI ITM(POBOIT 00paObOTKH CUTHAJTIOBY

1.Yro sBisercs NOpeuMyIIecTBaMH B  HCIOJIb30BaHUM LHU(PPOBBIX  CHUTHAJIOB
nepe] aHaTOroBeIMU? BriOeprTe paBUITBbHBIN OTBET (OTBETHI).

a) [ludpoBsie cUTHAIBI MOXKHO JIETKO XPAHUTb.

0) O6paboTka 1U(POBBIX CUTHAIOB MOXKET OBIThH JIETKO PEAIM30BAaHHON B COBPEMEHHBIX
KOMIIBIOTEpAX.

B) ®u3nyecKkue BETUINHBI OT IPUPOJIBI MPEACTaBUMBI ITU(POBHIMU CHTHAIAMHU.

r) Llndposie curHanbl cogepxaT 00sbIe HHPOPMAIIHH, YeM aHAJOTOBBIE.

2. Kakoti (kakue) u3 ClIeayomnuX CUTHAIOB SBJISICTCS (SIBJISIFOTCS) ITU(DPOBBIMEU?
a) @ororpadusi, nonydeHHas ¢ ucrnonb3oBanuem [13C-mMaTpuisl.

6) My3bika, mpociayliaHHasi 3pUTEIsIMU Ha )KUBOM KOHILIEPTE.

B) My3bika, 3anucanHas Ha LP (anrn. Long Play) mactunky (BUHII).

r) CTpaHuIia B OOBIYHON KHUTE.

3. [dan curnan x(n) , KOTOpPbIA UMEET CIAEAYIOIMMI BUA:

0, ecrun<Qun>4,

x(n) =

(-D"n, ecrun=1,2,3.

HyCTb NEpUOANICCKOC IMOBTOPCHHUC 9TOro CHUIHalia 3aaacTCA BBIPAKCHUCM!

0
y(n)= Zx(n+7k). Haiitu sHepruto u MOmHOCTh cUrHainoB x(n) U y(n). OTBETHI 3amucarhb
k=—o0
JUIs KaXJ0ro ciydas IIOCI€ 3Haka paBHO. F, = , P = , E y = ,
P, =

4. PaccmotpuMm curHan x(n)=908(n)+20(n—1)+38(n—2). Obpaboraem curHan x(n)
C UCIOJIh30BAaHUEM CIIEAYIONIEro QUIbTpa:
x(n)+x(n—1

Bri6epuTe npaBrIIbHBINA OTBET (OTBETHI).
a) Beixog B MOMEHT BpeMeHHU 7 =3 HE 3aBUCHUT OT BXOJa B MOMEHT BpeMeHH 7 = 1.

10



0) Beixon st MOMeHTOB BpeMeHU 1 >4 Bcerna paseH 0.
B) y(n)=0(n)+28(n—1)+58(n—2)+38(n—-3).

5. PaccMoTpuM (puUIbTp Ha pUCYHKE MPEICTaBICHHOM HIKE.

x(n) a b y(n)
+ + )} —>

Kaxkoe u3 cnemyronmx BeIpaXeHUH CBSI3bIBACT BXO U BbIXOJ (hunbTpa?
a) y(n)=(bax(n)+ x(n—1))+ (cx(n—3) + x(n—4)).
0) y(n)=b(ax(n)+ x(n—1))—(c+1)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—3) + x(n—4)).

6. My3bIka, 3anucaHHas B CTYIHMM, COXpaHEHa Kak LU(poBas MOCIEIOBATEIBHOCTh Ha
CD (anri. Compact Disc). AHaJIOTOBBII CHTHAJ, ONMUCHIBAIOIINN MY3bIKY, UMEET JUIUTEIILHOCTh
2 MMH. ¥ TPOAMCKPETU3UPOBAaH C 4acToTod f3 =44100 I'm. Kakoe KOIMYECTBO OTCUETOB
coxpaneHo Ha CD B mpeamnonoxeHuu, 4to ayanodaia sSBisgeTcss MOHO(DOHHUYECKUM, TO €CTh
COJIEPKUT OJIMH KaHai. OTBeT 3amucaTh Mocje 3HaKa paBHO.

Yucio ocyeToB =

7.YTo sABIsSETCAI MUHUMAJIbHBIM IEPUOAOM P cHUrHaia e/ (M/N)2mn

BenuuuH M u N ? OTBeT 3anucarh 1Mocje 3Haka paBHoO.
ay M =1, N=3, P=
6) M=5, N=7, P=
B) M =35, N=15, P=

AT CICOAYIOIUX

8. I[Ipocaymraiite akkop/l, CreHEpPUPOBAHHBIN ¢ MCIOJIb30BaHMEM anroputMma Kapmiyca—
Crponra. Kakast u3 neceH HUXe HaUMHAETCS C 3TOTO akkopa?

a) The Who — Won't get fooled again.

6) Rolling Stones — Wild horses.

B) Ramones — Listen to my heart.

r) The Beatles — A hard day's night.

9. Ipocnymmaiite  clAemyrONMM  My3bIKadbHBIA  (parMeHT, WMEHIIIUNA  YacTOTy
muckpernzaruu - 44100 ['m. Bam  mpenmoctaBieHo ueThipe 00paOOTaHHBIX BEPCHH 3TOTO
¢dparmeHTa. B KakoM W3 HUX CIBIIIHBI HCKAKECHUS, CBS3aHHBIE C HAJIOKEHHUEM CIIEKTPOB,
BO3HHUKAIOIIEM IIPU TOHUAKEHUH YacTOThI JuckpeTusaruu 10 8000 I'm.

a) [lepBriii 06paboTaHHBIN (HhparMeHT.

0) BTopoii o6paboTaHHbIl hparMeHT.

B) Tperuit 00paboTaHHEIi QparmMeHT.

r) YeTBepThiii 00paboTaHHBIN (hparMeHT.

11



3ameuyanue. B ciyuae TpynmHOCTEH TIpM aHaIM3€ 3BYKOBBIX (PalJIOB  MOKHO
BOCMoyIb30BaThes maketoM MATLAB nst pemienus: ganHoi 3agaun. Ko MOXKeT BRITJISAETh Tak,
KaK TPEJICTaBIICHO HUXKE.

x = audioread('triangle original.wav');
sound(x(1:6:end,:),7350)

[TpuBeneHHbI PpparMeHT Ko/a HE SBISETCS TOYHBIM, TaK KaK 4acTOTa JUCKPETH3AIUU B
HEM yMeHbIaeTcst He B 5,5 pa3, To ectb 10 8000 I'm, a B 6 pa3, To ects 7350 't (a5 mpOCTOTHI).

10. PaccMoTpuM  MY3BIKaIbHBIM _ (parMeHT. BBIMOMHMM Hax HUM  ONEpaIHI0
TUCKpETH3allMi 10 YPOBHIO (KBaHTOBaHWE). B kakoMm wu3 cienyrommx oO0pabOoTaHHBIX
(dbparMeHTOB YUCIIO YPOBHEHM KBAaHTOBAHUS HaUMEHBIIIEE.

a) [lepBriii 06paboTaHHBIN (HhparMeHT.

0) BTopoii o6paboTaHHbIl hparMeHT.

B) Tpetuit 06paboTaHHEIi QparmMeHT.

r) YeTBepThiii 00paboTaHHBIN (hparMeHT.

3ameuanue. [Ipu BeIMOTHEHNN 3a7]aHKsI PEKOMEHyeTcsl mopaboTarth ¢ ¢aiiinoM quant.m,
KOTOpBI HaxoAuTcs B mamnke. M3mMeHeHWe B Kojae 4uciia OWUT A MPEACTABICHUS Ka)XI0TO
orcueta (numberBits) Mo3BoNsSET U3MEHATH YUCIO YPOBHEH KBAHTOBAHHSI.

Tect mo Teme Ne 2
Huckpernoe npeodpazoBanue Dypoe. bricTpoe npeodpazoanue Oypre

1. I[lyctb x(n) — 3TO moOCiIENOBaTEIbHOCTh, @ X (k) — 3TO AUCKpPETHOE MpeoOpa3oBaHUe

®ypoe (I1D) sToit mocnenoBaTenbHOCTH. BriOepruTe MpaBUIbHBIN OTBET (OTBETHI).
a) Ecnu npumenuts [AII® nBaxkasl k curHany x(n), MOJIYYUTCS OOpAaIlEHHBIH BO

BPEMEHU CUTHAI, TO €CTb X(N —n).

2n
0) [lycte curnan x(n) = COS(WU[)’ rme N — JUIMHA CWrHama, a L — IIeJIoe YHCIIO.

N

—, k=1L
Torma X(k)={2" ’

0, mHaue.

2n
B) [lycth curnan x(n) = cos(ﬁ Ln+o¢ |, tne N — anuHa curHana, a [ — [ejoe 4ucio.

Eejq), k=L,
2

Eciu N # 2L, torna X (k)= %e_jq’, k=N-L,

0, uHaue.

r) Ecom  npumenuts JAII® gBaxknapl K curHany  x(n), TOIXY4YUTCS  CHUTHAI
Nx(0), n=0,

n)=
Y Nx(N —n), uHave.

2n
j—nk
2. Pacemotpum Gasuc @ypve wi(n)=e N, 0<n, k < N—1. Beibepure npaBuibHbI

OTBCT.

12



a) Beibepem 1Ba mro0bIx Bekropa w;(n) u w;(n) 6asuca ®Oypbe. ITH BEKTOpa BCeraa
OPTOTOHAJIBHBI, €CIHU [ # j, a CKaJIIpHOE MPOM3BEACHUE OTUX BEKTOPOB TOAUYMHSICTCS
N, i=],
BeIpaxennio (w;(n), w;(n))=
0, mHaue.
0) Beibepem ziBa mo0bIx Bektopa w;(n) U w;(n) 6asuca ®Oypree. ITH BEKTOpa BCeraa
SBIISIIOTCS.  OPTOHOPMAJIBHBIMM, €CIH [ # j, a CKaJApHOE TMPOU3BEICHHE O3THUX BEKTOPOB
N, i=],
NOAUMHSCTCA BhIpaxkeHuto (w;(n), w;(n))=
0, mHaue.
B) BeiObepem 1Ba moObIx BekTopa w;(n) u w;(n) 6asuca Qypbe. ITH BEKTOpa Beeraa
SIBIISIIOTCSI  OPTOHOPMAJIBHBIMH, €CIH [ # j, a CKaJsApHOE IPOU3BEICHHE O3TUX BEKTOPOB
L i=j,
NOAUMHSCTCA BhIpaxeHuto (w;(n), w;(n))=
0, mHaue.
r) OpTOrOHaTBHOCTh BEKTOPOB 3aBUCHT OT JUTHHBI N Oa3UCHBIX DJIEMEHTOB.

3. PaccmotpuM Tpu cuHycouasl JumHBI N = 64, mpeicTaBiICHHBIE HAa PUCYHKE HUXKE.
Cunycouna y|(n) oOo3HaueHa Ha PUCYHKE CHHMM LBETOM, V,(n) — 3€leHbIM, y3(n) —

KpacHbIM. Tak »e pacCMOTPUM CYMMYy O3THX CHHYcOMJ M 0OO3HauuM ee uepe3 x(n).

[Ipennonaras, uro JAI1® curnana o6o3HavaeTcs 3arjJaBHBIMU OyKBaMu, HalpuMep, Ui CUTHajIa
a(n), AI1® — A(k), BbiOepuTe MpaBUIIbHBIA OTBET (OTBETHI) U3 BAPUAHTOB IMPE/ICTABICHHBIX

HIUKE.
N/2, k=0,
a) Y3(k)=<N/2, k=64,
0, wHaue.
-16j, k=8,
0) Yo (k)=<16/, k=56,
0, mHaue.
N, k=460,

0, unaue.

B) Y1 (k) ={
r) ||x(n)||§ = ||X (k)||§ =12800. 3mech HCHONB3YIOTCA  CIEAYIOUIME OO0O3HAYCHHMS:

)5 = (x(n), x(m)), | X5 = (X k), X(k)).
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AT AN

VN

0 10 20 30 40 50 60 70

4. BeImoyiaute B MATLAB KOJI, KOTOPBIi HaXOJIUTCS B Gaiine
fft train whistle.m B manke ¢ TECTOBBIM 3afaHueM. JlaHHBIA KOJ IO3BOJSET
MPOAHAJIM3UPOBaTh IOBEJCHHE CHUTHAJIA IapOBO3HOIO TyJKa B YaCTOTHOM W BPEMEHHOM
obyacTsax. AHaNIM3 aMIUTUTYIHOTO CIIEKTPa IMOKa3bIBAET TO, YTO CUTHAJ TYJKa COCTABJISIOT TPH
OCHOBHBIE YaCTOThI. ONIpeeaInuTe 3TU YaCTOTHI.

IlepBas yacrora: I'n.
Bropas gacrora: T
Tperbs yacrora: I'n.

3ameuanue. [Ipy BbIMOTHEHUH 3a7aHUs OOpaTHUTE BHUMAHUE HA BBIXOJHBIE JIaHHBIC
1ocje TeHepauy Koaa. B nepByto ouepenp HEOOX0AUMO OOpaTUTh BHUMaHHE Ha NIEPEMEHHBIE,
Haxomsmuecs B Workspace makera MATLAB: AS — aMIumMTyIHBIM CHEKTp CUTHaIa, PhS —
(ba30BBbIif CTIEKTp CUTHAJIA, S — AHAIM3UPYEMBIN CUTHANIA, F's — 4acToTa TMCKPETU3allii CUTHAla
(curnaja Ha IIK npencraBieHn B uudpoii ¢popme!).

5. Ucnonb3ys koManny run fft dtmf.p 3amycrure B MATLAB p-daiin (ananor m-
¢aiina, HO CO CKPBITBIM KOJIOM), HAXOMSIIUICS B MANKe C TECTOBBIM 3aJlaHUEM. 3amylICHHBIN
KOJI TIO3BOJIUT CIE€HEPHPOBATh JBYXTOHAJIBHBI MHOTOYacTOTHBIM curHan (anri. Dual-Tone
Multi-Frequency Signaling — DTMF), ucnons3yemsrii ans Habopa HOMepa B aHaJIOrOBOM
tenedonun (ccbuika). [Ipu BBIMOTHEHUU KOAa TEHEPUPYIOTCS TpU IUPHI, PaCHOIOKEHHBIC B
orpeneneHHoOM Tmopsake. Mcmons3ys auckpeTHoe mpeoOpazoBanue @Dypbe, HE0OX0IUMO
OTpeAeNuTh 3TU HUPHL, a TAK)KE MOPSATOK UX TeHEPALUH.

[{udps! B opsiaiKe reHeparim:

3ameuanue. [Ipy BbIMOTHEHUM 3aJaHUS O6paTI/ITe BHUMaHUE Ha BBIXOJHBIC JIaHHBIE
nocje reHepanuu kojaa. Bo-nepBeix, ABa rpaduka: rpaduk orudaromeil curHaia BO BpeMEHHOU
oOmacti u rpaduk orubaromeil ero aMIUIMTYAHOTO criekTpa. Bo-Bropeix, B Workspace makera
MATLAB Haxomarcss Tpu NOepeMeHHble: AS — aMIUIMTYAHBIA CHOEKTp curHaiga, dtmf —
aHAJTM3UPYEMBI CUTHAI (TPH CTeHEpUpOBaHHBIC IUGPHI, pa3ieleHHbIe Tay30i), F's — yacTtoTa
muckperm3anuu curfana (curdana Ha IIK mpeacraBiedn B nmudgpoii popme!). Ilepras mudpa
3anucaHa B gueiikax 1-22050 BekTopa dtmf, BTopas — 33076-55125, tpetbsa — 66151-88200.
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[ToaToMy ecnmi HEOOXOIUMO OOpaTHThCS, HApHUMeEp, KO BTOpoH Indpe HYKHO HCIIOIH30BAThH
KoMaHny dtmf (33076:55125), a [ BEIYMCIICHUS aMIUIATYAHOT'O CIIEKTpPa B 3TOM Cily4yae
MOYHO BOCIIOJIb30BaThCs KOMaHaou abs (fft (dtmf (33076:55125))).

6. Ha pucynke HW)XKE TMpeICTaBICHbl  YeTblpe  HU300paKeHHs, IOJyuYeHHBIE
c ucroiap3oBaHueM Koma fft image.m, HaxoAsIIErocs B IANKE C TECTOBBIM 3aJaHUEM.
Onpenenuth Kakoe M3 HM300pakeHUI MNpencTaBiseT NPUOIMKEHHE HCXOJHOTO HAaMMEHBLIMM
YiCIOM 0a3UCHBIX (QYHKLUH, UCIIOIB3yEMBIX IPU BBIYUCICHUU 00paTHOro 1BymMepHoro JAI1®.

3ameuanue. [Ipu Berunciennu npsimoro u ooparroro JI1D mudpoBoro mzobdpakeHus
x(n,m), pasmepa NxM , rae N — uucio cTpok, a M — 4YUCIO CTOJIOIOB, MCIOIb3YIOTCS

crnenyromme GopMybl:

N-1M-1
F(k,l)= Z Zx(n,m)e—jZR(kn/NHm/M),
n=0m=0
1 N-1M-
x(n,m)__z Z (k, 1)e 2m0kn/ N-+im/ M)
NM

7. TonaneHbI cUrHanm Bo3BpaTa BbI3oBa (aHri. Ring-Back Tone) mpencraBnser coboit
3BYK, KOTOPBIIl MOXHO YCHBIILIATh B OOBIYHOM Teae(pOHHON TpyOKe IpH BHI30BE YAAJIEHHOTO
aboHeHTa. B OonbIIMHCTBE €BPOIECHCKUX CTpaH TOHAJIBHBINA CUTHAJ BO3BpATa BHI30BA COCTOMT U3
OIHOI CHHYCOHM[IbI, KOTOpasi MepUOINYECKU BKItOYaeTcss U BoikItouaeTcs. B CIIIA ToHanbHBIN
CHUTHAJI BO3BpaTa BHI30BA COCTOUT M3 CYMMbI JBYX CHHYCOHJ C OTHOCHTEIBHO OJIM3KHUMHU
4acTOTaMH, KOTOPBIE NEPUONNYECKN BKIKOYAOTCA U BBIKIIOYarOTCs. Huke mpencrasieHsl 1Ba
npumepa. [Ipocnymanre ux.

[Ipumep A.

[Ipumep b.
Kakoit 3 aByX NOpUMEpPOB COOTBETCTBYET TOHAIHHOMY CHTHAJly BO3BpaTa BBI3OBA,

KOTOpBIN ncnoinb3zyercs B EBpone? KpaTko nosicHuTe Bail OTBET.
OTBeT M NOsICHEHHE NIUIINTE HIXKe!

3ameuanue. IIpu oTcyTcTBMY NOSICHEHNH OTBET 3aCUMTAH He Oyaer!
8. Ha PUCYHKC HWIKC MPCACTABJICHBI aMIIUTYIHBIC CIICKTPbI CUTHAJIOB, paCCMOTPCHHBIX

B mpenpiaynieM Borpoce. Kakoil M3 aMIUIMTYIHBIX CHEKTPOB COOTBETCTBYET TOHAIbHOMY
CUTHaJIy BO3BpAaTa BbI30Ba, UCMOJIb3yeMoMy B EBporie?
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12000 12000

10000 10000

8000 8000

6000 6000

4000 4000

2000 2000

9. Heooxomumo Bberumcinuth JII® curnana, cocrosmero mu3 2048 orcueroB. Kakoe
KOJU4ecTBO ByxToueuHbIX [[[1D HeoObxoaumo ucmnonb3oBaTh npu BerauciaeHun 11D curnana ¢
UCIIOJIb30BaHUEM aliropuT™Ma ObicTporo npeobpasoBanusi ypre (BIID) ¢ nmpopexxnBanuem mo
BpEMEHU?

Yucno nyxroueunbix 11D =

10. lan curnHan, cocrosmuii u3 N otcueroB, rae N =2". Bo ckombko pa3 umcio
KOMIUIEKCHBIX YMHOeHUH ( K{) npu npsimoM Bbruucienuu /II1® Oosnblie yncna KOMIIIEKCHBIX

ymMHOXeHul (K,) mnpu Beuuciaenun JIIP ¢ wucnons3oBanueMm anropurMa bBIID ¢

IIPOpEKUBaHUEM IO BpeMeHU? OTBET BBIPA3UTh YEPE3 71 .
Ky /Ky =

JlonoanuteabHbiid TecT Ne 1
BBenenue B cuctemy komnberorepHoro Mmoaenuposanus MATLAB

1. Han BekTop-cTpoka X. YTO NpOM30WIET C 3THUM BEKTOPOM IIPHU BBIIIOJHEHUU B
MATLAB xomans! x ' ? Beroepure npaBUIbHBIN OTBET (OTBETHI).

a) Bektop X ocTaHeTcs BEKTOPOM-CTPOKOW, a €ro 3JEeMEHThl OyIyT pacHoJOXEHbI B
00paTHOM TOPSIJIKE.

6) Bekrop x OyzaeT TpaHCIIOHHPOBAH.

B) Kaxx1b1it 371eMeHT BeKTOpa X OyJIeT BO3BENICH B CTETICHD 2.

r) BekTop X cTaHeT BeKTPOM-CTOIOIOM.

2. Jlan BeKTOp X, KOTOpBIN onpenensercs U nunuuanusupyercs B MATLAB cnenyromieit
KOMAaHIOU:

x=[112345%6 78910 11 12];
Urto npou3oiiieT ¢ BEKTOPOM X MPHU BHITOJTHEHUH KOMaH/IbI:
y = x(2:2:end);
BriGepuTe npaBrIIbHBINA OTBET (OTBETHI).
a)x = [2 4 6 8 10 12];

0) Ecin cuntath BEKTOp X TUCKPETHBIM CHTHAJIOM C IEPHOAOM JUCKpEeTH3auuu Iy, TO
BEKTOP y OyA€T TUCKPETHBIM CUTHAJIOM € IIEPHOAOM AUCKpeTu3anuu 27 .

B) BekTop y Oyzner cocTosiTh U3 3HaYeHUI C HEYETHBIMA HOMEPAaMHU BEKTOpa X.
r) B BekTOp y 3anumeTcs Kaxabplii BTOPOM 3JIEMEHT BEKTOpa X.
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3. Kakas (xakue) u3 cieayroommx apudmerndeckux omnepanus B MATLAB sBustoTcs
IIO3JICMCHTHBIMU.

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

4. Jonyctum B MATLAB BbINONTHSIOTCS CAEAYIOMINE KOMaHIbI:

A= 1[12; 34; 506];

B=[12 3; 45 6];

Kakas (kakue) u3 cnenyrommx komann B MATLAB sBnsitoTcs BEpHBIMU ISl TAHHOTO
ciay4as?

a)C = A * B;

0)C A' * B;

B)C = B + A;

r)C = A' + B;

5. Ilycte nana cnenyromas MaTpuua:

16 2 3 13
5 11 10 8

o 7 6 12]
4 14 15 1

Kakoe (kakue) m3 caempyrommx MATLAB-BbipakeHuit st oOpameHusi K HHIEKCam
MaTpUulbl TO3BOJIAT MOJYUYUTH MATPpUILYy BHUIA:

16 2
5 11
19 7
4 14
a)B = A(:, 1:2);
0)B = A(:, 0:2);
B) B A(0:4, 0:2);
NB = A(1:4, 1:2);

6. PaccmoTpum Marmdeckuii kBaapar, n300pakeHHBIN Ha rpaBiope AnbOpexrta J[ropepa
«Menanxonus». IlpencraBum 3TOT KBaApaT Kak MaTpPUIy, COCTOSIIYIO U3 YETBIPEX CTPOK U
yeTbipex cTo010B. B MATLAB 3T0 MOXHO peann3oBaTh CleayrolIel KOMaHI0u:

A = [16 3 2 13; 510 11 8; 9 6 7 12; 4 15 14 11;

YeMy paBHBI CyMMBI 3JIEMEHTOB BIOJb CTPOK, CTOJOLIOB M TJIABHOW JHArOHAIM 3TOU
MaTpuIlsl. BeiOepuTe mpaBUIbHBINA OTBET.

a) CyMMa »3JIEMEHTOB BJOJb CTPOK, CTOJIOIOB M TJIABHOM JHAaroHaldW OJMHAKOBA U
paBHa 36.

0) CymMa 3JIeMEHTOB BJIOJIb CTPOK OOJIBIIIE CyMMBI 3JIEMEHTOB BIOJb CTOJIOIIOB U CyMMBI
3JIEMEHTOB BJ0JIb [NIABHOM TMArOHAJIH.

B) CymMMa 5J€MEHTOB BJIOJIb CTPOK, CTOJOLIOB W TJaBHOW JWArOHAIW OJWHAKOBA H
paBHa 34.

r) CyMMBI 3JIEMEHTOB BJIOJIb CTPOK, CTOJIOIIOB U TIIaBHOW JUArOHAIIN Pa3IMYaroTCsl.

3ameuanue. /{15 pemenns 3a1aun Bocnoib3yitech koMmanaamu MATLAB sumu diag.
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7. PaccMOTpUM Marvdeckuii KBaapar M3 Mpeapiayiiero Bompoca. [IpeacrtaBum ero kak
matputy B MATLAB. BblnosHuM nocIenoBaTeNbHO HaJA ASTOW MaTpULIEH ClEIyHOIINE
ONEpALMK: BHAYaAJIe BO3BEJAEH KAXKJbII 3JIEMEHT 3TOM MAaTPHIbl B TPETHIO CTENEHB; K KaXIOMY
DJIIEMEHTY TONy4YWBIICHCS MaTpuilbl Jo0aBuM 3HaueHuu 100; W3 KaxIOro diIeMEHTa
MOJIYYMBLICHCS MaTpPHIBl BBIYUCIUM KBAaJAPAaTHBIA KOPEHb; IMPOCYMMHPYEM BCE JIIEMEHTHI
NOJTy4MBIIENCS MaTpulbl. YeMy paBeH pe3ysbTaT UTOIOBOI'O CyMMHUPOBAaHHUS C TOUHOCTHIO 0
BTOPOTO 3HAKa MOCJE 3arsIToi?

Pesynbrar cymmupoBanus =

8.UeMy paBHBI MOJYyJIb M YIrOJl CIEIYIOIIEr0 KOMIUIEKCHOTO YHCHa: 2 + 2*1.
Pe3ynprar 3anuimmTe ¢ TOYHOCTHIO O BTOPOTO 3HAKa IoOcie 3amdarou. s pemeHus 3agauu
Bocnosib3yiitech MATLAB-dyHKIussmMu abs u angle.

Mopnyns =

VYron =

9. Kakas u3 crnenyronmx (yHKIHUNA MO3BOJISIET CTEHEPUPOBATh MATPHUILy, COCTOSIIYIO U3
AJIEMEHTOB CJIy4alHOW BEJIMYMHBI C PABHOMEPHBIM PACIIPECICHUEM.

a) ones (N, M) ;

0) zeros (N, M) ;

B) rand (N, M) ;

r) randn (N, M) ;

10. [Iyctp A siBAsieTcss MaTpHuLed M3 JECATH CTPOK M JECATH CTONOLIOB, a X — BEKTOP,
COCTOAIIMKA M3 JECATH SJIEMEHTOB. [l BBINOJHEHHUS MAaTPUYHOTO YMHOXKEHHS AX MOXHO
BOCIIOJIB30BaThCA CIAEAYIOIIMUM KOJOM:

A = ones (10, 10);

x = ones (10, 1);

v = zeros (10, 1);

for i = 1:10

for 3 = 1:10
v(i) = v(i) + A(i, J) * x(3);
end

end

Kakas (kakue) U3 cieayromux KOMaHa MO3BOJIST BeKTOPU30BaTh KOJI, PEACTaBICHHBIH
BBIIIIE, U MOJTYYUTh aHAJOTUYHBIM PE3yJIbTaT YMHOXKEHHUS MATPULIBI HA BEKTOP?

a)v = A * x;

0)v = Ax;

B)vV = sum (A * x);

v = A .* x;

11. Ilycth ecTh ABa BEKTOPA-CTOJOIA V U W, COCTOSIIME W3 CEMH DJIEMEHTOB.
PaccmoTtpuM cnenyromui Koa:

v = ones (7, 1);
w = ones (7, 1);
z = 0;
for i = 1:7
z =z + v(i) * w(i);
end

Kakas (kakme) wu3 cnempyrommx kKomann B MATLAB 1o03BOJST BBIUHUCIUTH 2
AQHAJIOTMYHBIM 00pa30M, YTO U B KOJIE BHIIIIE.

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

0)z = v * w;

18



B)z =
r)z =

12. ITycTh ecTh MaTpuIia X, COCTOSIIAS U3 CEMH CTPOK U CEMH CTOJIOIOB. BhImoTHUM Haj
ITOM MATpUIEH Clenyronpe NpeoOpa3oBaHus: BBIYUCICHHUE HATYpalbHOrO jorapudma oT
KKJIOTO DJIEMEHTA, BO3BEICHHE B KBAApaT KaKIOTO SJEMEHTa, J00aBJICHUE EIUHHIBI K
KKJIOMY 3JIEMEHTY, JCJICHHE KaXIOro 3JieMEeHTa Ha 4. BBINOTHUTH 3TH Onepanuu MOXKHO C
HCIIOJIb30BAaHUEM CIIEAYIOUIEr0 KOa:

X = ones(7,7);

for i = 1:7

for 7 = 1:7
A(i, J) = log (X(i, J));
B(1i, j) = X (1, j) N2
c(i, j) = X (1, j) + 1;
D(i, J) = X(i, 3J) / 4;
end
end

Kakas (kakue) u3 cieqyronmx KoMan KoppekTHo Beraucist A, B, C wim D?
a)B = X ~ 2;
0)D = X / 4;
B)B = X ." 2;
rNc =x+ 1;

13. Kakast u3 cieayroniuii KOMaH1 MO3BOJSIET BU3YaJM3UPOBATh CUTHAJI B BHJE Habopa
OTCUETOB, TO €CTh «JAMAarpaMMBbI, COCTOSIIECH M3 JeACHIOB Ha mamouke» (aHra. Lollipop
Diagram).

a)plot.

0) surf.

B) mesh.

r) stem.

14. Kakas u3 cuenytomux MATLAB-koMana mo3BOJIIET MNOMECTUTH TEKCT Hal
rpadukom pyHKIHH?

a)title.

0) xlabel.

B) axis.

r) ylabel.

15. Kakyto (kakue) w3 CICAyIONIUX KOMaH]JI MOXKHO HCIIOJb30BaTh ISl BU3yallU3alluu
(YHKIHU OJJHOM MepeMEeHHON TaK, YTOOBI IIBET JIMHUH, OMUCHIBAIOIIEH (PYHKIUIO, ObLT KPACHBIM.

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

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

16. PaccMoTpuM paiuouMIyNbC C JHUHEHWHONW 4YacTOTHOM Mopmynsiueit (anrn. Linear

Chirp) x(t) = cos(2nfyt + omtz) , TIe o= fl;lfo , fo —4acrora KosebaHus paJuoOUMITyIbCca B
t
fot+h
MoOMeHT BpemeHH O, S MTHOBEHHAss 4acTOTa B MOMEHT BpeMeHH f). Hanmmmre
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MATLAB-koa, KOTOpBI BBIYUCIAUT NPOJUCKPETU3UPOBAHHYIO BEPCUI0 CHUTHana x(¢) ¢
gacToTol nuckperuzamuu f, = 8000 I'm Ha mHTepBane 0 <¢<2 cex. YcraHoButre f; =0 I'1g

u f1=10Tnn, a ¢ =2 cex. Bmyanmsupyiite ANCKpPEeTHYIO Bepcuio curHama  x(t)
C MCIIOJIb30BaHMEM KOMaHbl plot. Kakoe konndecTBO pa3 curHaji nepecekaer och adcipcce?
UYucno nepecedyeHuin =

17. Jlana nocneaoBaTenbHOCTh Xx(71) KOHEYHOM JJIMHBI, COCTOSAIIASI U3 YETHIPEX OTCUETOB
x(0)=1, x(1)=0, x(2) =0, x(3) =1. Yemy paBHO AuckpeTrHoe npeodpazoBanue Oypne (AI1D)
TOi mnocnenoBaTenbHOoCTH. Ilpn Bbrumcienun /11D moxxHO BocmoabszoBaTthesi MATLAB-
¢dynkuuen fft.

X(0) =

X(1)=

X(2) =

XQ) =

18. Hamnmure MATLAB-koa, KOTOpBIM NO3BOJUT BBIYUCIUTH BbIxon y(n) JIMC-

CHUCTCMBI, ONUCHIBaEMOU CJICOAYIOIUM JINHEHHBIM PAa3HOCTHBIM YPAaBHCHUCM C IOCTOSHHBIMU
Kod(purmeHTaMu:

)+ 2y(n—1) =x<n>—%x(n—1),

rae ¥(0)=0, x(n)=0(n) +%8(n —1). Kakoe (kakue) u3 cleayrolux yTBEpKICHUHN SIBISIETCS

(SIBJSTFOTCST) IPABUIIBHBIMU ?
a) OUIbTp SBISIETCS YCTOWYMBBIM, HO BBIXOJ y(n) PAacXOAWUTCS H3-3a BBIOPAHHOTO

BXOJIHOTO cUTrHana x(n) .

6) y(5)=2.

B) y(5)=1.

r) @unbTp ABISETCS MaTeMaThdecku HeycroiuumBbiM. 3anyck MATLAB-kona
MOKa3kiBaeT, 4to |y(50) > 1013,

1) Beixon y(n) mpencrtaBisieT pacXoIsAUIMecs] OCHMIIISALMN OTHOCUTENIBHO HYJIS, TO €CTh
IIPU YBEIMUYEHUH N a0COMIOTHAS BeJIMYMHA y(71) YBEIIMYMBACTCS, a 3HaKU y(n) YepeayroTcs.

19. Kakass W3 creayommx KOMaH] TMO3BOJSET CreHEPUpPOBATh 3HAYEHUS CIy4YaHOMN
BEJIMYMHBI C MaTEMaTUYECKUM OXHUJAaHUEM paBHbIM S5 U jucnepcuedt pasHot 47 s
BBIYMCIICHUS] MaTeMaTU4yecKoro oxunganus u gucrepcun B MATLAB M0XHO BOCIOIB30BaThCs
KOMaHJIaMU mean U var, COOTBETCTBEHHO.

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

14

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

20. Otkpoiite u 3amycrtute Qailn image filtering.m, HaxoIdlUiics B MalKe C
tectoM. Kon B (aiie mo3BoiseT BBINOJHUTH JABYMEPHYIO (WIBTpalui0 UPPOBOTO
n300pakeHus: ¢ ucrnonb3oBanueMm apymepHoi JIMC-cucremsl. I[locmoTrpute Ha oOpaboTaHHOE
n300pakeHHe M OTBEThTE Ha cieAyroumii Bompoc. C HUCHONb30BaHUEM KaKOTO U3 JIBYX
bunsTpoB (PHY, ®BY) 65110 06paboTaHo BXogHOE H300pakeHue?

a) ®HY.

6) ®BY.
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3ameuanme. [Ipy oTBeTe Ha Bompoc 00s3aTeNbHO O00paTWTEe BHUMaHUE Ha
BU3YaJIM3UPOBAHHYIO, BMECT€ C HMCXOJHBIM M 00paOOTaHHBIM H300pAKEHUSIMH, JIBYMEPHYIO
aMILTUTYTHO-9aCTOTHYIO XapakTepuctuky (AUX) dunsTpa. OHa npeacraBisieT co0oit GyHKITHIO
ABYX HPOCTPAaHCTBCHHBLIX YaCTOT, 4@ HC OHHOﬁ 4aCTOThl, KaK B OJHOMCPHOM CJiy4dac. Ecmu
nocMoTpeTh Ha rpaduk AUX cBepxy (HaxxmuTe KHOnKy Rotate 3D B MeHto rpaduka), TO pOBHO
B ICHTPC BH3yaﬂH3HpOBaHHOﬁ KapTUHKH GYI[GT HaxXOOUThCAd TOYKAa C HYJICBBIMU 3HAUCHUSAMU
POCTPAHCTBEHHBIX YaCTOT.

Tect mo Temam Ne 3 u Ne 4
OxonHoe npeodpazoanue Oypre. Beenenue B nuppoBsie GUIBTPHI

1. [IpencraBbTe cebe, 4TO BaM HEOOXOJUMO HACTPOUTH MCIIAHCKYIO TUTapy. B mporecce
HACTPOMKH BbI CIBILINTE J1BA 3BYKOBBIX (hparMeHTa, KOTOPbIE MPEACTaBICHbI HIXKE.

®parmeHT A.

®parment b.
B kaxxiom u3 pparMeHTOB MPOUTPAHEBI OJHOBPEMEHHO JIBE HOTHI (3ByYaT JIBe CTpyHBI). Kakoit u3

CJIEYIOIINX BAPHAHTOB OTBETOB SIBJISETCS NPABUIIBHBIM?

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

0) ®parmeHT A — cTpyHa HacTpoeHa; @parmeHT b — cTpyHa HacTpoeHa.

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

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

3ameuanue. /[J11 NOHMMaHUs HACTPOUKH LIECTUCTPYHHOM I'MTapbhl CMOTPHUM CIIEIYIOIIEE
BHJICO. A MaTE€MaTUYECKH BCE BBINIAIWT Tak. IlycTh yacToTa OMOpHON rapMOHMKH PABHSETCS
(¢ pagWaH, a 4acToTa HACTpamBaeMod — @ paguaH. [Ipym HacTpolke THTaphl «HA CIyX»

HEOOXOMMO ClIIeTIaTh TaK, YTOOBI M = @) . [Iponemypa HacTpoiiky TakoBa:

1. IleperecTn @ OIU3KO K ().

2. Korma ® =~ @ mpourpars 00e rapMOHUKY (CTPYHBI) BMECTE.

3. lns onMcaHus MyHKTA 2, MaTEMaTU4YECKH, UCIIOJIb3YyEM TPUTOHOMETPHUIO:

. . Oy — O Oy + O
x(n) = cos(wgn) + cos(wn) = 2 cos 0" lcos| 2" n |~
2 2
~ 2¢0s(A gn)cos(@gn).

Torma cos(Agn) — 5T0 CHIHa «OUTHOKMY, KOTOPHIi MOTY/IMPYET HeCylIee KonebaHue, To ecTh
cos(@gn). Korna &~ @, CHrHa OUIMOKM» SBIAETCA JOCTATOUHO CJIAOBIM I TOrO, UTOGHI

€ro MOXKHO 651.]'[0 YCIIbIIIATD. Hcnonp3oBanue MOAYJIAOHUU TO3BOJIACT TNCPCHCCTU CHUTHAI
OIIMOKH B CIBIIIMMYIO 00JacTh YacTOT M IMOYYyBCTBOBATh €T0, KaK aMIUIUTYIHBIC OCIUIIISIHA
HECYIIETO KoJieOaHusl.

2. Ucnone3ys komaHny run signal stft.p 3samycture B MATLAB p-daiin
(anasor m-¢aiisia, HO CO CKPBITBIM KOJOM), HaXOJSAIIUHCSA B TAIKE C TECTOBBIM 3aJaHUEM.
3anymeHHbI KOJ| MO3BOJIUT CT€HEPUPOBATh HEKOTOPBIM CHUTHAJN, COCTOSLIMM M3 HECKOJIBKHX
rapMOHMYECKHX KojeOaHui. DTu KoneOaHus CIeayroT APYT 3a IPYrOM U pa3esieHbl May3aMH.
Cam curnan B Workspace nmakera MATLAB nenoctynen. [IpoananusupyiiTe cnieKTporpammy
3TOr0 CHUTrHajla, IMOJYYEHHYI0O Ha OCHOBE OKOHHOro mpeoOpa3oBaHusi dypne, u BbIOEpUTE
NPaBUIBHBIN OTBET U3 BAPUAHTOB HIIKE.

a) CreHepupOBaHHBI CUTHAJI COCTOMT W3 TPEX TapMOHHUK Pa3HOW YacCTOTHI, KOTOPHIE
CIEeIYIOT B MOpsJKe: rapMOHUKa ¢ yactoToil f| [['m], 3atem — f, [['u], manee — f3 [I'u], rae

Ni<fr<f3.
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https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%82%D0%B0%D1%80%D0%B0
http://www.youtube.com/watch?v=5H7G7kyYjFk

0) CreHepupOBaHHBIN CHTHAJl COCTOMT W3 TPEX TapMOHUK Pa3HOM YaCTOTHI, KOTOPHIE
CIEIYIOT B MOpsJKe: rapMOHMKA ¢ yacToToil f3 [I'1], 3atem — f; [I'u], manee — f| [I'u], roe

f1</fa<f3.

B) CreHepupOBaHHBIM CHUTHAJI COCTOMT M3 TPEX TapMOHUK pPa3HOM YacTOTHI, KOTOPHIE
CIEeIYIOT B MOpsJKe: rapMOHUKa ¢ yactoToil f| [['m], 3atem — f3 [['u], manee — f, [I'u], rae
N <fa<f3.

r) KTo-Hubyap 3ameTuin 31ech O0bliiee KOJIMYECTBO FTaApMOHUYECKHUX KoJieOaHuii!

3. Ha pucyHke HU)Xe MpeICTaBlIEHbl YeThIpe AuarpamMmbl TpeboBanuii Kk AYX 4acToTHO-
n3buparenbubix KUX-bunetpoB. Kakas w3 mamarpamm TpeOOBaHHMI COOTBETCTBYET 3aJaHHIO
cneunukanuit st peKeKTOPHOro (PUIIBTPA.

4 H(ejw)
1+9,
1 ! I
_ I I
1-9, é' !
gl I3 |
S, = - )
0 T f —+—
QF 0/2
1+8, I d
lp-—————-—————==-F-t+-4 -4 -t=-==== - I
R S S ———
=9, I I : :
o I
e— Ly 135
I d ~
e FoES 9
(bne 6‘)36 600 /2
[Tepexonnbie [Iepexonnbie
TOJIOCHI MTOJIOCHI

B) r)

4. Heobxonumo cunTe3upoBarh Lu¢ppoBoit KUX-GunbTp HMKHHMX YaCTOT, KOTOPBIN
YIIOBJIETBOPSIET CIIEAYIOIIUM CHEeNNPUKAINAM:

®, =0.187, &, = 0.22x, 5, =0.0001, &, = 0.001.

s pacdera K03 PUIMEHTOB UMITYJILCHONW XapaKTEPUCTUKU BaM MpeIjIaraeTcsl MCIOIb30BaTh
MeTos OkoH. Kakue okoHHble (DyHKLIMHU, MpEACTaBIECHHBIE HUXKE, MOJOMAYT JUIsl pelIeHus
JTaHHOU 3amaun?

a) Oxno baptnerra.

0) OkHO X3HHUHTA.

B) OkHO XOPMMHMHTA.

r) OxHo biskMmena.

5. Heobxomumo cunHTte3upoBath IudppoBoid KUX-QuiabTp HUKHHUX YaCTOT, KOTOPBIH

YAOBJIETBOPSIET CICAYIOMNUM CIICIH(UKAIIHSIM:
0, =0.181, ®, =0.22n, §,, =0.01, 5, =0.001.
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Jlna pacuera ko3¢ GUIMEHTOB UMIYJIbCHOW XapaKTEpUCTUKU BaM PEKOMEHAYIOT HCIIOJIb30BATh
METOJT OKOH U OKOHHYI0 (QyHKIHI0 bmykmena. Kakoil mopsiiok cMHTE3UpOBaHHOTO (uUibTpa, a
Takke MakcumanbHoe oTkioHeHHe AUX ot 1 B monoce nponyckanus (I1I1) u makcumanbpHOE
orkionenne AUX ot 0 B monoce 3anepxkuBanus (I13) OyayT momydeHbl B JaHHOM Ciydae.

[Topsimok dpunpTpa =

Makc. otki. AUX B I =

Makc. otki. AUX B II3 =

6. Kakue n3 cieayronmx CUCTEM SABJISIOTCS TUHEUHBIMU ?
a) AMIUIMTYJHas! MOJYJISLUA:
y(n) = x(n)cos(®,n),
rae x(n) — nepegaBaeMoe cooduieHue, a cos(®,7) — Hecylee KouebaHue.

d2
6) (1) = x(0).
dt
B) PactaruBanue (cxarme) BpeMeHHOM mkambl: y(f) = x(or). Hampumep, ecnu BbI
npourpeiBacTe LP-45 BUHWIOBYIO IUIACTUHKY CO CKOPOCTHIO 33 00/MHMH, TO KO3(P(UIIUECHT
o =33/45.
r) OrpannyeHue curHaga no aMIUIMTYAe BUJA:

x(n), x(n) <M,

n)=
y() M, unaue.

1) Beruncnenue npeobpazosanus @ypre quckpeTHoro BpeMenu X (e/“) (anri. Discrete-
Time Fourier Transform) nocienosarensHocTH X (7).

7. Kakue u3 cleAyronmx CUCTEM SIBJISIOTCS NHBAPUAHTHBIMU K CIIBUTY?
a) AMIUIMTYJHasE MOJYJISLUA:
y(n) = x(n)cos(d,n),
rae x(n) — mepeaaBaeMoe cooduieHue, a cos(®,7) — Hecylee KoiebaHue.

2

6) ¥(0)=5x(0).
dt

B) PacTsaruBanue (cxatue) BpemMeHHOW mikanbl: y(¢f) = x(of). Hampumep, eciu BbI

npourpeiBacte LP-45 BHHWIOBYIO MIACTHHKY CO CKOPOCTBhIO 33 00/MuH, TO Kod(duImeHT
o =33/45.
r) OrpaHn4eHue curHaaa o aMIUIMTyAe BUJA:
x(n), x(n)<M,
y(n) =
M, unaue.

1) Beruncnenue npeo6paszosanus ®@ypre quckpetHoro BpeMenu X (e/®) (amri. Discrete-
Time Fourier Transform) mocnenoBarenbHOCTH X(71) .

8. IIpencraBum cebe, 4TO B KadecTBE HMMITYJIbCHOW XapakTepuctuku JIMC-cuctemsl
BBICTYIIA€T HMITYJIbCHBIM  OTKJIMK IOMEIIEHUSA. OTOT OTKIMK MOXHO TIOIY4YUTb C
UCITIOJIb30BAaHUEM MHKpPO(OHA, KOTOPBIA 3amuChIBaeT 3BYK, NPEICTABISAIOMIMN pacceMBaHHE
UMITYJIbCHOTO MCTOYHMKAa 3Byka. [IpuMepoM 10J0OHOrO OTKIMKAa MOXET BBICTyHAaTh
UMITYJIbCHBIA OTKIMK JlozaHHCKOro cobopa, kotopsiii u3mepmi JJokmannd U. (Dokmanic I.) u
€ro KOJUIETH, 3alMcaB 3BYK JIONHYBILEro B coOope Bo3aylIHOro mapuka. ITpocmymaiite sty
3anuch. BrInojgHeHne onepanuy CBEpPTKH TOHM 3amucu (MMITYJIbCHOM XapaKTepUCTUKU coOopa),
HalpuMmep, C 3alHuChl0 MY3BIKAIbHOIO (parMeHTa, IOJyY€HHOIO C HCIOJIb30BaHHEM
BUOJIOHYEITH, ITO3BOJISIET HCKYCCTBEHHO MEPECO3/1aTh aKYCTHKY OOJBIIOT0 MPOCTPAHCTBA COOOPA.
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http://en.wikipedia.org/wiki/LP_record
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B uTore MoxeT OBITh MOTYUYEH CIEAYIONINI MY3bIKaIbHBIN (hparmMeHT. OTBETHTE HA CIIECIYIOMINN
Bornpoc. Kakum cBOMCTBaM yJIOBIETBOPSIET UMIYJIbCHBIN OTKIMK JIo3aHHCKOTO cobopa?
a) YCTOWYMBOCTh B CMBICJIC OTPaHUYCHHBIN BX0J1 — orpaHn4eHHbIN Beixo1 (OBOB).

6) UmmynbcHas XxapakTepuCcTUKa UMEET OECKOHEUHYIO UTUHY.
B) Kay3aipHOCTB.

9. Ilycts umnysnbcHas xapakrepuctuka JIMC-cucremsl uMeeT BUA:
h(n) =d(n) =d(n-1),
a BXOJHOE BO3/ICIICTBHE Ha CUCTEMY OIPEAEIAETCS CIEeAYIOMUM 00pa3oMm:

{1, nz0,
x(n) =
0, unaue.
BeruncnuTte BBIXOJ CHCTEMBI B CleAyHOIIMe MOMEHTHI BpeMeHu: y(—1), p(0), y(1),
y(2).
y(=1=
y() =
y(0) =
y(2) =

10. ITycts umnynbcHas xapakrepuctuka JIMC-cuctembl uMeeT BUA:
h(n) =90(n)—0o(n-1),
a BXOJHOE BO3/ICHCTBHE HA CUCTEMY OIPEACIISETCS CIECAYIOMUM 00pa3oMm:
{n, n=>0,
x(n) =
0, unaue.
Brruucnaure BeIXOA cHCTEMBI B clieayromue MomeHThl Bpemenu: y(—-1), y(0), y(1),
¥(2).
y(=1=
y()=
y(0) =
¥(2)=

JlonmonuTeabHbIi TecT Ne 2
Brenenue B iudpoBsie PrIbTphI

1. Paccmorpum ®@HY ¢ 4acTOTHOM XapaKTEPUCTUKOM, MPEICTABICHHON Ha PUCYHKE
HUXKE.

H(e’™®)
1

v

| 1
-n -2 0 /2 T

24



Uro sBnsiercs BbIXOAOM  y(n) 3TOro (GuibTpa, €clId BXOJHOE BO3ZCHCTBHE
T (T 3n
x(n)=cos| —n |+sin| —n |+0.5cos| —n |?
5 4 4

y(n) =

3ameuanue. OOpatuTe BHUMaHHE Ha TO, YTO B 3aJau€ YacTOTHas XapaKTEpUCTUKA
npejcTaBieHa B BelecTBeHHOM (opme, To ecth DUX ¢duinbTpa npeamnonaraeTcss paBHON HYIIO.
[Ipu pemieHnn 3agaun HEOOXOJWMO BCIIOMHHUTBH, Kak BozaeicTByer AUX Ha aMIUTUTYIHBIN
CIEKTp CHUTHaja (TeopeMa O CBepTKe). 3Has 93TO, KaKWe-TO BBIYUCIICHUS, CBS3aHHBIC C
HCIIONTb30BaHueM mpeoOpazoBanus Dypre auckpeTrHoro Bpemenu (anri. Discrete-Time Fourier
Transform), Bam He mOHATO0STCSI.

T o o
2. Ilyctp x(n) = cos En npezcTaBisieT co00i CUrHal, mojlaBaeMblii Ha BXOJ (PHIBTpA C

1. (n
UMITYJIbCHOM XapaKTePUCTHKOM h(n) =§s1nc gn . Beranciaute CUTHAJI

o0
y(n) = Zx(m)h(n—m) Ha BBIXOJE (UIBTpAa M yYKaKUTE B OTBETE TO, YEMY pPaBEH BHIXOJ B
m=—0

MOMEHT BpeMeHU 1 =35, To ecTb y(5).

y(5) =
3ameuanue. [Ipu pemieHun 3ama4u MOCTApaTeCh MCIONB30BaTh YaCTOTHYIO O0JIACTh U
TEOpEMY O CBEPTKE, IpeaBapuTesbHO onpeneauB hopmy AUX ¢uiabTpa u ero 4acToTy cpesa.

3. Ucnone3ys komangy run problem 3.p 3amycture B MATLAB p-¢aiin (ananor
m-aiina, HO CO CKPBITHIM KOJIOM), HAXOASIIUICS B TIAIIKE C TECTOBBIM 33JaHUEM. 3amyIEHHBIN
KOJI TIO3BOJIUT IMOCTPOUTH HYJb-TIOJIOCHYIO AMarpamMmy (QuibTpa, MPEACTaBISAIOMIEr0 coOO0i
JINC-cuctemy. [lpoananusupyiiTe auarpaMMy M OIpENEIUTE YACTOTHYIO H30MpaTEIbHOCTD
(®HY, ®BY, [1®, PD) dpunstpa, €ro mopsaIoK U pe30HAHCHYIO YacTOTY.

YacTtoTHas U30UpaTenbHOCTS:

[Topsimok dpumsTpa =

Pe3onancnas yactora = panuas.

4. 3anycture B MATLAB m-aiin problem 4.m, HaXoAAIIUHCA B MalKe ¢ TECTOBBIM
3afaHueM. IIpennoxeHHbI 11 aHaau3a KoJ MO3BOJsET 00paboTaTh aAIMTUBHYIO CMECh JIByX
TrapMOHUYECKUX CHTHAJIOB, MMEIOLINX ONPEIEICHHbIC aMIUIUTY/ Ibl, HadyalbHbIe (pa3bl U YaCTOTHI.
B kadectBe ¢unabTpa, y4acTBYIOIIETO B 00paOOTKE HCIONB3YETCS YaCTOTHO-U30MpaTEIbHBIN
BUX-punbTp. BeiGepuTe npaBuiibHBINA OTBET (OTBETHI) U3 BAPUAHTOB, PE/ICTABICHHBIX HUXKE.

a) Mconb3yemplii GUIBTP SABISETCS PEKEKTOPHBIM.

0) Hcnionb3yemblit GUIBTP SBISETCS TOIOCOBBIM.

B) 'apmonnka Ha dyacrore 0.0lm paguan npomyckaeTcs, a rapMOHMKAa Ha YacToTe
0.5 paguaHT ogaBIsICTCS.

r) 'apmonnka Ha wacrore 0.57 pagmaH mnpomyckaercsi, a TapMOHHMKa Ha YacToTe
0.0l paguaHT mogaBISICTCS.

1) O6e rapMOHUKH TIPOITYCKAIOTCS UCIIOIB3YEMBIM (PHUITBTPOM.

5. Beruncnuth z-npeoOpa3oBaHue MocieaoBaTenbHOCTH x(n) =n-1(n), yka3aB o0nacTb
CXOIMMOCTH X (Z).

X(z)=
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3ameuanue. Eciu  o0macte cxomuMocTH — z-TIpeoOpa3oBaHHMs B OTBETe Oyzer
OTCYTCTBOBATh, OTBET 3aCUMTaH He Oyer!

1

(1 —0.42‘1)2

6. Beraucnuth o0patHoe z-nipeobpazoBanue X (z) =

Z|>04.

x(n) =
3ameuanme. [Ipu pemennn 3agaun odpaTuTe BHUIMaHUE Ha KPATHOCTD TOJIIOCA.
7. daHo pa3HOCTHOE ypaBHeHHUe, onuchiBatouiee JIMC-cuctemy:

y(n)-5Sy(n—-1)+6y(n—2)=x(n—-1).
Onpenenuts nepenaTounyro GyHKIU0 H (z) 3TON CHCTEMBI.

H(z) =

8. JINC-cucrema onuchIBaeTCs pa3HOCTHBIM YPaBHEHUEM
y(n)—y(n—-1)+0.25y(n—-2)=x(n)—0.25x(n—-1).
Haiinure UMIyJIbCHYIO XapaKTEPUCTUKY /(7) DTOM CUCTEMBI, a TAKKE OTKIUK (1) CUCTEMBI HA

x(n) = (0.5)"1(n), IpH HYJEBBIX HAYAIBHBIX YCIOBHSX.
h(n) =
y(n) =

9. PaccMOTpUM CHCTEMY, NPEICTABIEHHYIO Ha pUCyHKe Hike. Ilycts H(e’/®) sBisercs
. . . - T
YaCTOTHOM XapakTepucTukon uaeansHoro ®HY c¢ ygacroroi cpesa o, =Z. Paccmorpum nBa

curHana xj(n) u xp(n), KaKAbIM U3 KOTOPHIX B OTAEIBHOCTU IOAAETCA HA BXOJ CHCTEMBI.

ITycts curnanel xj(n) U xp(n) SBIAIOTCS y3KomojocHbIMH. Ilomoca 4acToT, B KOTOpOH

T T
COCPENOTOUEH CUTHAN X|(7), ONpenenseTcs Auana3oHoM [—Z, Z} paznuas, a CUTHana Xx,(n) —

3n 3n
[— n,—j U T’ 7| paguad. BeibepuTe mNpaBUIBHBIA OTBET U3 TMPEICTABICHHBIX HUXKE

BApUAHTOB.

(1" (="

x(n) B y(n)
H(e’)

a) O0a curnana xj(n) u x,(n) OyAyT NPOITyCKAaTHCSI CUCTEMOH.

0) Curnan xj(n) OyneT npomycKaTbcs CUCTEMOI 0e3 M3MEHEHUH, a curHan x,(n) Oyzaer
OTHUIBTPOBAH.
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B) Curnan x,(n) OyAeTr mpoIrycKkaTbCs cUCTeMOl 0e3 U3MEHEHHUH, a curHan xj(n) Oyner
OTGHUIBTPOBAH.

r) OGa curnana xj(n) u x,(n) OyxyT OTGUIBTPOBAHBI CHCTEMON.

3ameuanme. [Ipu pemieHnn 3agayMl UCMONB3YHTE YAaCTOTHYIO 00nacTh. BecmomuuTe TO,

uto (—1)" = cos(nn) = e/™" , a IepeMHOXEHNE CHTHAJIOB BO BPEMEHHOMN 00JIACTH COOTBETCTBYET

CBEPTKE UX YACTOTHBIX 00pa30B B YaCTOTHOW 00NacTH. JJOMOTHUTENEHO HEOOXOAUMO OTMETHUTh,
yT0 TpeodpazoBanus Oypre nuckperHoro Bpemenu (anri. Discrete-Time Fourier Transform) ot

e/ papro 8(®— @), rae d(®) — nempTa-pyHEKIHA Jupaka, a CBepTKa B 4aCTOTHOMN 06JIaCTH
gacToTHOro obpasa X (e/®) wHekoroporo curHana x(n) ¢ OyHkuued &(Od— @) aer

X(ej((b_a)())) _
10. [lycte  h(n) sBISETCS MMITyJBCHOM XapaKTEPHCTUKOM HIeambHOro (QMIbTpa ¢

o ~ T
4acTOTou Cpe3a o, < E paaraH. Kakass cucrema sBisieTcs SKBHBaJIEHTOM CHUCTCMBI,

MPEACTABICHHOW Ha pUCYHKEe HUXe? BpiOepute NMpaBUIbHBIA OTBET M3 MPEACTABICHHBIX HUKE
BapUaHTOB.

x(n) n 2 o y(n)
—>| | cos o h(n) + >

h(n)

a) Uneansupiii ®HY ¢ ypoBHem AUX B mojioce mpoIyckaHUsi paBHBIM | M 4acTOTO#
cpesa @,..

6) Uneansuenii ®BY ¢ ypoBaem AUX B mojoce mpomnyckanusi paBHbIM 0.5 U yacToTOM
cpesa T— @, .

B) Uneanpubnii ®BY ¢ ypoBuem AUX B mosioce nporyckanusi paBHbiM 0.25 ¥ 9acToTO#
cpesa @,..

r) Uneansnbiii ®BY ¢ ypoBHem AUX B monoce NpomyckaHus paBHBIM | U 1onocoi
HPOMyCKaHus [®,, T—®,.].

n) Uneansupiiit ®HY ¢ ypoHemM AUYX B mosioce mpomyckaHUs paBHBIM | M 9acTOTOM
cpesa O, /2.

e) Uneansubiit ®HY ¢ ypoBHeM AUX B nosnoce npomnyckanus paBHeIM 0.5 ¥ 4yacToTON
cpesa 20,

3ameuyanme. [Ipy pemeHun 3amaud, BO-NEPBBIX, HEOOXOJUMO BCIOMHHUTH TO, YTO

1+ cos(2x)

cosz(x) = . Bo-BTOpBIX, BOCIONIB30BATHCS 3aME€UaHUEM, YKa3aHHBIM B 3aaade Ne 9.

B-TpeThux, BCIOMHUTH, U4TO KackagHoe (mociemoBaTenbHoe) coeanHenne nByx JIMC-cucrem
OPUBOIUT K MEPEMHONKEHHIO UX MEpeAaTOUYHbIX (PYHKIMH (YAaCTOTHBIX XapaKTEPHUCTHK), a
MapajuIebHOE — K CI0KEHUIO.

Tecr mo Teme Ne 5§
CrnenanbHbIC TUTIBI U(PPOBBIX GUIBTPOB
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1. HapucoBate AUYX uaeansHoro ®BY na unTtepBane or 0 no 4n paauan. [1onoxuth
4acToTy cpe3a GpuibTpa paBHOM 3HadeHuto 0.5 paguaH.

OTtBeT N300pa3urte HUKe!

3ameuanue. [Ipu uzobOpakennn AUYX 00s3aTeabHO MOAMUIINTE OCH W CIUHHUIIBI
u3MepeHus Mo HUM. [Ipu OTCyTCTBHM MOCTIETHETO OTBET 3aCUUTaH He OyaeT!

2. 3anucath MaTeMaTUYECKOE BBIPAXKEHHE, OMUCHIBAIOIIEE T'PYIIIOBOE BPEMs 3aJEP>KKHU
(TpynmoOBYIO 3aJIePIKKY ) TUHEHHON HHBAPUAHTHOM K CABUTY CHCTEMBI.

Te((b) =

3.Kak B oOmem ciaydae BBITJISIAT YCIOBHSI O€3BICKQXEHHOW TIE€peladyd CHUTHAJIOB.
BribepuTte npaBuIIbHBIN OTBET U3 BAPUAHTOB, MPEICTABICHHBIX HUXKE.

a) y(n)=k-x(n).

0) y(n)=k-x2(n—n0).
B) y(n)=k-x(n—nyg).
r) y(n) =x(n-ng).

4. Kakyro ¢opmy mmeror AUX m DPUYX nudpoBoro dunpTpa s ciydas, Koraa
BBITIOJTHSIIOTCSL YCJIOBUS O0€3bICKaXECHHOU Mepeaauu CUrHaioB? BeiOepuTe MpaBUIIBHBIN OTBET U3
BAPUAHTOB, IPE/ICTABIICHHBIX HIXKE.

a) AUX u OUX sBnsAOTCS JMHEHHBIMH B TIpeneiax 3aJaHHOM 00JacTH dacToT,
3aHUMAEeMOI CIIEKTPOM CUTHaJa.

0) AUX u ®UYX sBIAIOTCA TMOCTOSHHBIMH B Tpe/enax 3aJaHHOM 00JacTh 4YacTor,
3aHUMAEeMOI CIIEKTPOM CUTHaJa.

B) AUX sBnsiercss nuHeiHoi, a OUX sBusercs MOCTOSIHHOW B MpeAeliax 3aJaHHOM
o0JacTu 4yacToT, 3aHUMAaeMOM CIIEKTPOM CHUTHaJja.

r) AUX sBusercs mnoctostHHOM, a DUX sBisieTcss JTUHEMHOW B Mpedenax 3aJaHHOMN
o0JacTu 4acToT, 3aHUMAaeMOM CIIEKTPOM CHUTHaJja.

5. Kakoii u3 nByx cmekTpoB HeceT Oonbiie uHbopmanuu o curHaine? Beibepure
IIPaBUJIbHBIN OTBET.

a) AMIUTHTYTHBIN CTIEKTP.

6) ®a30BbIii CHEKTP.

3ameuanue. [Ipu oTBeTe Ha BOMpOC 00s3aTEIHLHO BCIIOMHHUTE aHOHC K Jiekiuu «KNX-
¢mbTphl ¢ muueitHoi @YX, mpecTaBIeHHbIM Ha CTpaHUIE Kypca.

6. Ins1 xakux (UIBTPOB TPYNIOBOE BpeMs 3aJepKKH (TpynmoBas 3alep’kKKa) paBHO
KoHcTaHTe? BbiOepuTe npaBUiIbHBINA OTBET (OTBETHI) U3 BAPUAHTOB, MTPEICTABICHHBIX HIXKE.

a) Becenpomyckaromue GuiabTpsI.

0) KUX-bunstpsl ¢ muHeitHOM OUX.

B) KUX-(unbTpsl ¢ CHMMETPUYHOM UMITYJIBCHOM XapaKTEpUCTHKOM.

r) KUX-hunbTpel ¢ aHTUCHMMETPUYHON UMITYJIbCHON XapaKTEPUCTHKOM.

7. Ilycte HONMb KUX-dpunsTpa derBeproro mopsaka ¢ jguHeiHod PUX HaxomuTcs B

LT
-
Touke zy=2-e¢ 2. B Kakux Toukax OydyT HAXOAUTLCS OCTABLIMECS HYJIH (UIBTPA,

IIPEIIoJIaras, YTo €ro UMILyJIbCHasl XapaKTEPUCTUKA ABJIACTCS BELIECTBEHHOM ?
Hynu:

28



8. Ina xakux u3 cinenyroumx tunoB KUX-punbtpo ¢ nuueitHot ®UX Bo3MOKeH
cunte3 ®BY? BriGepute npaBriibHBIN OTBET (OTBETHI) U3 BAPUAHTOB, MTPEICTABIICHHBIX HIDKE.

a) @unbTp THNA [

0) @uneTp THNA I1.

B) ®unbTp Tuna Il

r) @unetp THHA [V.

9. Kakue u3 cnemyrommx ¢uiabTpoB Oyayr mMmerb AUX paBHYHO KOHCTaHTE BO BCEM
IUarna3oHe 4acToT. BeibepuTe MpaBUIBHBIA OTBET (OTBETHI) U3 BapUAHTOB, MPEICTABICHHBIX
HUXKE.

a) Becenpomyckaromue GuiabTpHI.

0) KUX-bunsTps! ¢ muHeitHoM OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoit OUX.

r) KUX-bunbtpel ¢ CUMMETPUYHOM W QHTUCUMMETPUYHOM  HUMITYJIBCHOMN
XapaKTEPUCTUKOM.

10. Kakne u3 QuIbTpOB, ONMMUCHIBAEMBIX MEpPEAATOYHBIMU (GYHKUMAMU H(z) HUXKeE,

SBJISIFOTCS.  BCETIPONYCKAIOMUMK. BpiOepuTe mNpaBWIbHBIA OTBET (OTBETHI) W3 BapHAHTOB,
HpeI[CTaBHeHHBIX HUXKC.
gt
2) H(z)=——",
l—a-z
KOMITJICKCHOC COIPSKCHUC.
l—a- 271
6) H(Z) = ﬁ
z —da
KOMITJIIEKCHOC COIIPSIKCHUC.

re a — KOMIUIEKCHBIH Ko3¢dduuument, cumBon * o0Oo3Hauaer

, TI€ a — KOMIUICKCHBIH Kod(duImeHT, cumMBosa * o0o3Hauvaer

-1 -2
d—c-z " +z .
B) H(z) = 0 5> Tae d ¥ ¢ — BelecTBEHHBIN KO (OULIUEHTHI.
l—c-z " +d-z~
-1 -2
l-c-z +d-z N
r) H(z) = 5> Tae d ¥ ¢ — BeIIECTBEHHBIH KO PHUIIUEHTHI.

d—c-z  +z

11. ITycTs mosroc BcempomycKaromero (GuibTpa BTOPOTO TMOPSAAKAa HAXOMUTCS B TOYKE
LT

P
z, =0.5-¢ 2. B kakux To4kax OyAyT HAaXOAUThCSA HYIH U TOJIOCHI, HpeArnojaras TO, 4TO

KOX((HUIIMEHTBI PEKYPCUBHON U HEPEKYPCUBHOM YacTel (GUIbTpa SBISIOTCS BEIICCTBEHHBIMU ?
Hynu:

TTomrocer:

12. Kakoit u3 (uabTpoB MOXKET OBITh HCIIONB30BaH JUIsl BBIPABHHBAHUS TPYIIIOBOM
3aepKKU TP KOMIeHcalun (pa3oBbIX HeIMHEHHocTeil. BriObepure npaBUIBHBIA OTBET U3
BApUAHTOB, IPE/ICTABIICHHBIX HIXKE.

a) Becenpomyckaromue GuiabTpHhI.

0) KUX-buneTps! ¢ muHeitHo OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoit OUX.

r) KUX-bunbtpel ¢ CHUMMETPUYHOM W QHTUCUMMETPUYHOM  HUMITYJIBCHOMN
XapaKTEPUCTUKOM.
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13. Heobxoaumo cunaTe3upoBaTh 1udpoBoit KMUX-puinbTp BepXHUX YaCTOT, KOTOPHII
YAOBJIETBOPSIET CASAYIONMIUM CICTIH(PUKAIUSM:
o, =0.18nt, ®, =0.22x, 5, =0.01, 5, =0.001.

Jlis pacuera ko3¢ (GUIIMEHTOB UMIYJILCHOW XapaKTCPUCTUKH BaM PEKOMEHAYIOT HCIIOJIb30BaTh
METOJT OKOH M OKOHHYIO (YHKIHWIO bBiIdKMeHa, a 4YacCTOTHYIO XapaKTEPUCTUKY HJICATHHOTO
bunsTpa 3a1aTh B BUIE:

—jo®d
e /4P,

H,(e/®) = 9/ B,
0, 0<|@f<m.

Omnpenenure nopsaok ¢unstpa, ero tum (I, I1, II1, IV) 1 Bo3moxxHOCTh cuHTe3a DBY (BO3MOXKHO
I HEBO3MOXKHO) ISl TMOJYYCHHOTO THWIIA, IPEAroJiarasi, 4YT0 HCKYCCTBEHHOTO W3MEHEHUs
YETHOCTH MOPSAKA HE IPOUCXOIUIIO.

[opsinok ¢punbTpa =

Tun ¢punsTpa:

Bo3moxuocTs cunTe3a ®BY:

14. Kakue u3 GUIbTPOB ¢ UMIYJIbCHBIMU XapaKTEPUCTHUKAMH, MPEICTABICHHBIMU HIKE
uMerT, JauHedHyto @OUX? Breibeputre mpaBUIBHBIE OTBET (OTBETHI) W3 BapHAHTOB,
MMPEACTaBJICHHBIX HUKC.

a) h(0)=1, k() =1, h(2)=1.

6) h(0)=1, k() =1, h(2)=-1.

B) h(0)=1, h(l)=2, h(2)=3.

r) h(0)=1, h()=2, h(2)=3, h(3)=2, h(4)=1.

15. KUX-dunbtp ¢ nuneitHoit @YX 001a1aeT CleAyOMUMA CBOMCTBAMH:
—h(n) — neicTBUTENbHAs UMIYJbCHAs XapakTepuctuka, h(n)=0 mnpu n<0

unpu n>35;

5
= 2 (=1)"h(n) =0;

n=0

— H(z) =0 B TOYKe z:0.7ejn/4;

e
- IH(ejm)d(b =4r.
-7
Omnpenenure tun (I, 11, 111, IV) aToro ¢punstpa.
Tun gunerpa:

3aganue 1J1s1 caMoOCTOsITeIbHOM padoThl Ne 1
Huckpernoe npeodpazoBanue Dypoe. bricTpoe npeodpazoanue Oypre

3amaHus 11 CaMOCTOSITEILHOM pabOThl MOTYT OBITH B3SITHI W3 TJaBbl Ne 4 KHUTH
Xpses B. B., Ilpuopos A. JI., BonoxoB B. A. OcHOBBl TeopuH Lenei: COOpHMK 3amad. —
Spocnasne: SApl'Y, 2008. Ilpemnaraembie s pemeHus HoMepa 3amad Ne 2.36-2.45
pacnonoxkeHsl Ha cTp. 47—49. CamocTosTenbHass paboTa MOXKET OBITh JOMOTHEHHON 3a/adaMu
o Teme «bricTpoe npeodpazoBanue Oypre». ITH 3a/1a4u IEPEUNUCTICHBI HIDKE.

l.HpeI[HOJ'IO)KI/IM, YTO KOMNJIEKCHOe YMHOMCeHUe 3aHUMacT lMKC, a TakKXK€ TO, 4YTO

BpeMsi, 3arpaunBaeMoe Ha BbluucieHue JIID, onpenensercs TOIBKO YMHOXKEHUSMH,
HEOOXOAMMBIMH JIJIsl €r0 pacyeTa.
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a) CKOJIbKO BPEMEHH B CeKyHax 3aiiMeT Bbrurcienne 1024-roueunoro JI1D manpsmyro,
TO €CTh 0€3 MCII0JIb30BaHMsI aJITOPUTMOB ObIcTporo npeodpazoBanus ypwe (BI1D)?

0) CkobkO BpeMeHH B CeKyHAax 3aiimeT BbuucieHue 1024-royeunoro D c
ucnonb3oBanueM aiaroputma bBII® ¢ mpopexuBanueM o BpeMeHH (1o yacrore)?

B) [ToBTOpUTH MyHKTHI @) U 0) 1y1st ciryqast 4096-toueunoro JI1D.

2. PedeBoif curHaN MPOAMCKPETU3MpPOBaHHBIN ¢ uacTtoToi 10 kI oOpabarkiBaeTcs B
pexuMe peanbHOro BpeMeHH. YacTh BBIYMCICHHUH 3aTpayMBaeTCsl Ha HaKoIJIeHHE OJIOKOB,
cocrosimux u3 1024 3HayeHuid pedyeBOoro curHaiga, u BeruucieHue 1024-touyeunoro JIID, u
1024-toueunoro OJII®. IIpeanonoxkum, yTo BpeMsl, 3aTPaulBAEMOE HA BBIIOJIHEHHE OJHOTO
8eUjeCMBEHH020 YMHOMCeHUs, cocTaBisieT | Mkc. Kakoe KOIM4YecTBO BpEMEHHM B CEKyHAAX
ocraercs Ha 00pabOTKy HaHHBIX, ecnu cuutaTh, yto AP u OAIID yxe Beruucnens? Ilpu
pELICHUH 3aa4i MPeAnooxkuTh, uTo 1D BruncaseTcss ¢ ucnoyib3oBaHueM ainropurma bIID
C IPOPEKUBAHUEM T10 BPEMEHH (I10 YACTOTE).

3ameuanue. [Ipu pemrenuu 3amauu 0OpaTUTh BHUMaHUE HA TO, YTO B OTIMYME OT 334l
Ne 1 mo ycnoBuro 3agaHo BpeMsi Ha BBIUYMCIIEHHE OJHOTO BEIIECTBEHHOTO YMHOXKEHHS, a HE
KOMIUTEKCHOT0. OJHO KOMIUIEKCHOE YMHOMKEHHE COCTOMT U3 YETBIPEX BEIECTBEHHBIX
YMHOKEHUI M TpEX BELIECTBEHHBIX CJIOXEHUI. BpeMeHeM Ha BBINIOJIHEHNE KOMIUIEKCHBIX
CJIOKEHMH MPH pelIeHUH 3a]1auu MpeHeOpeyb.

3. Jluckpernsanusi CUTHaNIa HEIMPEPBIBHOIO BPEMEHH X, (f) TO3BOJAET 3a 1 cekyHmy

CrE€HEepPUPOBATh MOCIIEN0BATENBHOCTh U3 4096 0TCUETOB.
a) KakoBa BepxHss 4acToTa CHrHana x,(f), €CIM HPEANOJIOKHTb TO, YTO OH OBLI

IPOJAUCKPETU3UPOBAH 0€3 HANO0XKEHUS CIIEKTPOB?

0) [Iycte 4096-toueunoe [I1® Berumcieno. Yemy paBeH YacTOTHBIM WHTEpBai (miar
CEeTKH 4acToT) B repuax Mexnay kospounuentamu A11D.

B) [Ipeamnomnoxxum, 4To MbI 3auHTEpecoBanbl B kKodddurmentax 1D, cooTBeTCTBYIOMNX
yacToTHOMY auamnazoHy 200 < f <300 I'm. Kakoe KOJIMYECTBO KOMMIEKCHHIX YMHONCEHUl

notpedyercss A7 BBIYUCICHHUS OSTUX KOI((UIMEHTOB HANPSAMYI0 M C UCHOJIb30BaHUEM
anroput™Ma BI1® ¢ npopexxrBanuem 1o BpeMeHH (1o yactote)?

r) [Ipy kakoM KOJIWYECTBE BBIMHCIAEMBIX KoddduimentoB M amnroputm bBIID c¢
IpopeXMBaHUEM MO BpeMeHH (1o yactore) Oyzaer 3¢ ¢dextuBHee npsmoro Berunciaenus JI1D?
Onpenenuts M 114 citydasi OCIea0BaTeIbHOCTh U3 4096 0TCUETOB.

4. Hexkoropelie u3 %N logy N ymHOxeHuii B anropurme BII® ¢ npopexuBaHuem mo

BpeMeHH ([0 4YacTOTe) MPEJACTaBISAIOT yMHOXKeHuss Ha =+1. Anroput™m BII® Bo3MOXHO
peanu3oBath Ooniee A(PGEKTUBHO MyTEM HAMUMCAaHUA TPOTPAMMBI, KOTOpas CIEHUAIBHO
UCKJTIOYAeT 3TH YMHOXKEHUS.

a) Kakoe komu4ecTBO yMHOXKEHHUH MOHAZOOUTCS NpU BbIUUCIEHUH 8-ToueyHoro JI1D
c ucnosib3oBanueM ainroputma bII® ¢ mnpopexuBaHueM 1o BpeMeHH (IO YacToTe), €Clu
YMHOXXEHUS Ha + 1 OyIyT UCKIIIOUECHBI.

0) Pemmuth myHKT a) u1st ciy4dast 16-troueunoro JIITD.

5. lana mocnenoBaTenbHOCTh x(71), cocrosmas u3 8 orcueroB. Onucarh BHIYUCIECHUE

JIID 3Toi mocnenoBaTebHOCTH ¢ HCHONb30BaHMEM anroputMma bIID ¢ mpopexuBanuem 1o
yactote. HapucoBats HanpaBnennsblil rpad anroputma bIID mis paccmarpuaemoro cirydasi.

3ananue 1J151 CaMOCTOATEIbHOI padoThl Ne 2
CrenanbHble TUTBL TUPPOBBIX (PUIBTPOB
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3amaHus U1 CaMOCTOSITEIBHOM pabOThI MOTYT OBITH B3SITHI W3 TJaBbl Ne 4 KHUTH
Xpses B. B., Ilpuopos A. JI., BonoxoB B. A. OcHOBBl TeopuM Leneil: COOpHMK 3amad. —
Spocnasnas:  Apl'Y, 2008. Ilpemmaraembie s pemieHusi Homepa 3agad  Ne 4.1-4.21
pacnosoxeHsl Ha cTp. 95-101.

3anaHue 1J151 CAMOCTOAITE/ILHOI pa6oThl Ne 3
Cunte3 KUX-punsTpos

1. CuntesupoBath MeToqIoM OKOH KUX-hunbTp HUXKHUX 4YacTOoT ¢ JuHeiHor DUX,
YIOBJICTBOPSIONIUH CIECAYIOMINM CIEIIH(PUKAITUSM:
0.99 < ‘H(ejw)‘ <1.01, 0<

® <0.197,

H(e/®) <001, 021n<[a] <.

2. Cunte3upoBatb MeTo oM okoH KUX-punptp ¢ nuneitnoit ®UX nopsinka N =24, nns
anMpOKCHUMAaIIMN YaCTOTHOM XapaKTepucTHKU GuiabTpa ¢ AUX, npuBeIeHHON HIDKE:
1, |8 <0.2m,

0, 0.2 <&y

‘Hu (ej&) )‘ =
<T.

3. Ucnonb3yst Metoa okoH cuHTe3npoBath KUX-GuiabTp BepXHUX 4aCTOT MUHHUMAJIHLHOTO
nopsiika ¢ TpaHUYHOW uacToTo B mosoce 3axepxkuBanus (I13) @, =0.227, rpaHUYHOIM

qacToToii B mostoce npomyckanus (ITIT) @, = 0.287, u orknonennn AUYX ot 0 B I13 &, = 0.003.

4. Cunte3upoBatb MeToqoM OKOH KUX-GunbTp HMXKHHMX 4YacTOT ¢ JnHeiHOH DUX,
YZIOBJIETBOPSIONIMN CIEAYIOUIMM CHEU(PUKALAAM:

0.99 <|H(e/™)] <1.01, 0|3y < 0.3x,

H(e/®) <001, 0357 <[ <7

5. Beruncnouts napamerpsl okHa Kaiizepa f u N nna cuntesa @HY ¢ gacroToii cpesa
O, =n/4, orknonennem AUX or 0 B I3 &8, =0.01 ¥ MmWHUPHHONH MEPEXOTHON MOIOCHI

Ad=0.027.

6. Beruncnute napamerpsl okHa Kaiizepa  u N nna cuntesa @HY c¢ yacroToii cpesa
®, =n/2, orkinonenreM AUX ot 0 B 13 &, =0.002 ¥ mWHUPHHON TIEPEXOIHOI MOTOCH A® He

npesblmaromnieit 0.17.

7. PaccMoTpuM 10J10COBOM  (pUIIbTp, OOdagaromuii crienupHUKausIMA TPUBEICHHBIMU
HIDKE!
H(e™)] <001, 0<[af <02m,

®<0.7m,

0.95 < ‘H(ej(b)‘ <1.05, 031 <

‘H(eﬁ’)‘ <0.02, 0.8n <4< 7.

a) CunresupoBarb MeTomoM OKOH KUX-punetp ¢ nunediHo @DUX 1o 3agaHHBIM
CHGLII/I(bI/IKaI_[I/IHM ¢ UCIIOJb30BaHueM okHa binkMeHa.
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0) CunresupoBatb MetogoM okoH KHUX-bunetp ¢ nuueitHo @YX 1o 3amaHHBIM
cnenuduKanusIM ¢ UCTIONIb30BaHuEM OkHa Kaifzepa.

8. PaccMoTpuM peeKTOpHBIN (QUiIbTp, obiafarommi crnenunGuKausaMi TPUBEICHHBIMU
HIDKE!

0.95 < | (e <1.05, 0|3y < 0.2m,

®

‘H(ef‘b)‘ <0.005, 0.227<|d] < 0.757,

0.95 <[ (e/)<1.05, 08n <[of <.

CunTte3upoBatb MeTozioM 0koH KU X-¢punbtp ¢ nuneitnoit @YX no 3agaHHbIM crienupUKanusam.

9. CunTe3npoBath METOI0OM OKOH mosnocoBoit KUX-punetp Trna 2 ¢ nuneiiHon ®YX,
YIIOBJICTBOPSIIOIINH CIEAYIOMINM CIICIH(DUKAIHSIM:

‘H(eja))‘ <0.0050, 0 <

<0.Im,
0.995 < |H(e/) <1.0050, 0257 <[&[ < 0.6,

‘H(ejé))‘ <0.0025, 0.8n <[ < 7.

10. Cunre3upoBaTh METOOM OKOH MHOromnojocHbsli KUX-punstp ¢ nuneitnoit ®UX,
YIIOBJICTBOPSIOIINH CIEAYIOMINM CIICIH(PUKAISIM:

0

0.99 < H(ejé’)‘ <1.01, 0<|0[<03x,

H(e/®) <001, 035m<[8|< 0.5,

0.49 <|H(e/™)| <051, 0.6m<[af <.

11. Kakyto okoHHyr (yHKOHIO ((QYyHKIIMH) MOXKHO HMCHOJB30BaTh s cuHTe3a KMX-
¢unpTpa HWKHHX YacTOT ¢ TrpaHn4HOi wacrortoil B III1 &, =0.357, mupuHOH nepexoqHON

nonocsl A® = 0.0251 1 MakcuManbHbIM oTKioHeHneM AUX ot 0 B I13 §, = 0.003 .

12. Uctionb3yst  meTonm OkoH  cuHTe3upoBath KUX-GunbTp HIKHMX  9acTOT
MHUHHMMAJBHOTO MOpsaKa ¢ rpaHmyHoi yacroroii B [1I1 ®, = 0.457, rpanudnoit yacroroii B I13

®, = 0.51 u MakcuManbHbIM oTKoHeHHeM AUX ot 0 B I13 5§, = 0.005.

13. CunresupoBath MeTogoM OKOH KUX-punbTp HmwkHHUX YacToT ¢ juHeiHOM DUX
nopsinka N =128, rpanmunoit wacroroi B Il ®, =0.487, rpanmynoii wacroroii B II3

®, =0.52n, wucrone3ys M1 aNIpPOKCHMAlM YacTOTHOW XapaKTePHCTUKH (UIBTpa OKHO
Kaiizepa.

14. HeoOxoguMo  mpou3BecTH  (UIABTPALMIO  AHAIOrOBOIO  CHrHama  x,(f)

C MCIIOJIb30BAaHMEM aHaymoroBoro ¢mibTpa HWKHUX yactor (PHY) ¢ wyactoToii cpesa
fo =2 xI'n, mupuHoil mnepexomHoi mnonocsl Af =500 I'm ¥ MHUHMMaJBHO JOHMYCTHMBIM
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3aryxanueM B II3 o, =50 nb. PaccmarpuBaeMblii aHanorosblif (GUIBTp peanu3oBaH B
nudpoBoM BHE, KOTOPBIM TpencraBieH Ha puc. . CuHTEe3upoBaTh IUppoBOl GUIBTp ¢
YaCTOTHOM XapakTepucTukoit H(e’/®), HeobxomuMmblil s peanusanuu ananoroporo ®HY ¢

yKa3aHHBIMHU BblIIlIE cenupuKanuaMu. YacToTy qUcKpeTusanuu f, monoxuTs paBHoi 10 kI

L I

Xq () x(n) . |y(n) Ya(t)
—» AUl [P HE®) | OAan

Puc. 1. CtpykrypHas cxema k 3agaude 14

3ananue 1J151 CAMOCTOATEIbHON PadoThI Ne 4
Cunte3 BUX-¢punstpos

1. HaliTh MUHUMaJIbHBII MOPSAOK M 4YacTOTy Cpe3a IO ypPOBHIO 1/ V2 or MaKCHUMyMa

aMIUTUTYHO-4aCTOTHOM  Xapaktepuctuku (AUYX) awnamoroBoro ¢unbtpa baTtrepBopTa,
YZIOBJIETBOPSIOLIETO CIEAYIOLUIUM CHEUpUKALUAM:

|H, (/)| =095, Q=16m,
|H,(jO)|<0.1, Q=24r.

2. Ucnone3yst OuinvHEWHOE z-TipeoOpa3oBaHUE CHHTE3UpOBaTh LHU(PpoBON  HUIBTP
HwkHuX vactor (PHY) bartrepBopra mepBoro mopsiaka, KOTOPBII HMMeeT 4YacTOTy cpesa

®, =0.57 [pan] no ypoBHIO 1/ V2 or Makcumyma AYX.

3. Ucnionw3ys OunmHElHOEe Zz-peoOpa3oBaHUE CHUHTE3UPOBATH HHUQPPOBON IMOJIOCOBOI
¢uneTp (I1P) BarTepBopTa BTOPOro mopsaka, KOTOPBI HMEET 4acToTy cpe3a ., = 0.4 [pax]

U ®., =0.6n [pax] no ypoBHio l/ V2 or Makcumyma AYX.

4. Jlana mepenarouHasi GyHKIHs 1iudpoBoro GuUIbTpa:

H(z) = 2 =" 1 i
1-0.5z 1-0.25z

Ecnmu momoxuth, 4TO paccMarpuBaemasi BhIINIE IepenarodHas (GyHkuus mudpoBoro
bunpTpa TMOJyYeHa C HCIOJIB30BAHMEM METOJa OWJIMHEHHOTO Z-IpeoOpa3oBaHus, HaWTH
AHaJIOTOBBIN (PUIBTP-MPOTOTHUII, KOTOPBIA OBUT UCTIONB30BaH /sl €€ CUHTE3a.

5. Jloka3aTh, 4yTO OMIMHEHHOE Z-TIpeoOpa3oBaHue O0TOOpaxaeT och j€) p -IUNIOCKOCTH B
€IMHUYHYIO OKPY>KHOCTb |z| =1 Z-mmockocTH, a JEBYHO P -NMOIYIUNIOCKOCTh Re(p) <0 p-

IUIOCKOCTH BO BHYTPb €AMHUYHON OKPYKHOCTH |z| <1 z-nmockoctu.
6. Ucnionb3yst OmimHeHOe z-mipeoOpa3oBaHue, CHHTE3UPOBaTh LUGPPOBOH (GUiIbTp

BEpXHUX 9acToT YeObiména tuma I, crienudukaniy Ha KOTOPbIM IPUBEICHBI HUXKE:
0<|re®) <01, 0<|af <0.1m,
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0.9<|H(e/™)|<1.0, 03n<[o]<x.

7. Heo6xoqumMo ¢ WCHONB30BaHHWEM OWIMHEHHOTO Z-TIpeoOpa3oBaHUs CHHTE3WPOBATH
nudposoit ®HY, ynoBIeTBOPSIIONINN CISAYIOMNUM CIICTH(PUKAITISIM:
®, =0.3757n [pan], @5 =0.5% [pax], 5, =0.01, &, =0.01.
OmnpenenuTs MOPSAAOK aHAJIOTOBBIX (MIBTPOB-poToTUIIOB barrepBopra, Yebsimena tumna I u
tuna II, 3onorapeBa-Kayaspa, koTopsle MOTYT OBITh MCIOJIB30BaHBI JJIs CUHTE3a (DUIBTpa IO
3alaHHbIM CH€LII/I(1)I/IKaI_[I/I$IM.

8. TpeOyercst paspaborats mupposoii ®HY barrepBopra Ha OCHOBE MEpeIaTOUYHOM
(GyHKIMH aHAJIOTOBOTO (PHIIBTpA-IIPOTOTHUIIA!

H,(p)= :

p2 ++2 p+1 .
Hcnonb3ys OwnuHeilHOe z-mpeoOpa3oBaHUE, TMOINYYUTh MEPEAATOUHYI0 (YHKIHUIO
nudposoro ¢uapTpa ¢ gactoroi cpesa f. =150 [I'u] mo yposHIo 1/ V2 or Makcumyma AUX u

4acTOTOM JUCKpeTH3auuu f, =1.28 [xl'm].

9. Tpebyercs paspaborath 1udpoBoii ®BYU barrepBopra Ha OCHOBE MEepeAaTOYHOMN

(yHKLINU aHAJIOrOBOrO (pUIBTPA-NPOTOTHNA:
1
Hy(p)=—r.
p+1
Hcnons3yst oununeliHoe z-npeoOpa3oBaHUE, MOJIYYHTh MEpPelaTOYHYI0 (QYHKIUIO HHU(POBOTO
¢unbTpa ¢ yacroroit cpesa f. =30 [['m] mo ypoHIO l/ V2 or Makcumyma AUX u gacTtoToit

auckperusanuu f, =150 [T'm).

10. Pa3pabortaTh, wucnonp3ys OwinHEHHOEe z-ipeoOpazoBanue, 1udpooir I[1D
BarrepBopTa, yAOBIETBOPSIOMINI CICTYIOIIUM CIIEITUPUKAIHASIM:

nosnoca nponyckanus: 200-300 [['1],

yacToTa quckperuzanuu: 2 [kl'],

mopsiioK puiIbTpa: 2.

3ananue 1J151 CAMOCTOAATEIbHOM PadoThI Ne 5
WNuTtepnomnsmus, nenumarys u 6aHKd QUIBTPOB

1. lanbl 1Be mocaeaoBaTeIbHOCTA x(1n) U y(n), UMEIOIIUE CIETYIONIUN BUI;

B 1, n>0,
=10, n <0,
y(n) = x(2n).

Kak cBsizanbl Mexay co0oit ux z-mpeoOpa3zoBaHus?

2. Jlanbl 1Be mocneAoBaTENbHOCTH x(1n) U y(n), UMEIOIIUE CIETYIOUIUN BUI:

B 1, n>0,
=10, n<o,
y(n) = x(3n).

Kak cBsi3anb1 Mmexxy co0oit ux z-npeodpazoBaHusi?
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3. [locnenoBarenbHOCT,  x(n), TOMydye€HAa MYyTeM JUCKPETH3allMd  aHAJIOrOBOTO

Y3KOIIOJIOCHOTO CUTHajia ¢ 4actoTod auckperusanuu 10 kI'u. OpHako s ee MpakTUYECKOro
UCIIONIb30BaHUsI HEOOXOAMMO, YTOOBI OHAa ObUIA TOJy4YeHa MyTeM AMCKPETHU3AIHH TOTO JKe
curHana, Ho ¢ yactoroil 12 xI'u. Iloctpouts n onpenenuTs OCHOBHBIE MApaMeTpbl CUCTEMBI,
KOTOpas MO3BOJUT U3MEHUTh YAaCTOTY AMCKpeTHU3aluu nociepoBaTeabHocTd x(n) ¢ 10 k' Ha

12 xI'm.

4. 3ByKo3anuch, 3anvcaHHas Ha udpoByo ayauoneHTy (DAT), obmamaer uvacToTOl
nuckpernsaruu 48 k11, a 3ByKo3amuchk, 3anrcandas Ha kommnakt auck (CD), o6inamgaer yacToToi
muckpernsaun  44.1 kI'u.  Iloctpouts cucteMy U OHpeneiauTb €€ IapaMerpsl  AJs
npeoOpa3oBaHMsl 3BYKO3AMKMCH ¢ 4acTOTON nauckperu3anuu 44.1 x['11 B 3ByK03amuch ¢ 4aCTOTOU
nuckperusaruu 48 kl'm.

5 JlaHa HekoTOpas IOCJIENOBAaTEIbHOCTh Xx(71), IOIY4YEHHas IIyTeM JUCKPETU3aLUun
AHAJIOrOBOTO Y3KONOJIOCHOTO cHurHaja. CHEKTp NOCIeN0BaTENbHOCTH X(7) YAOBIETBOPSET
CJIEYIOIIEMY BBIPAXKEHUIO:

X(e/®)=0, 0.In<|o|<n.
Jana nocnenoBarenbHOCTh y(n) = x(nN), rae N — nenoe uucino. Haiitn nHaubonbliiee

3HaueHWe N, JUId KOTOPOro TMOCJHENOBaTeNbHOCTh x(7) MOXKET ObITh OJHO3HAYHO
BOCCTAHOBJIEHHOM 10 MTOCIEA0BATEIBHOCTH V(7).

6. OnpenenuTh SBISIOTCS JM YCTPONCTBA TIOBBIIICHUS W TOHWKCHHS YacTOTHI
JTCKPETU3AIIH:

a) TMHEWHBIMU CUCTEMAaMU;

0) UHBapUAHTHBIMU K CIBUTY CUCTEMaMHU.

VY CTHBINM OMpoc MPOBOAUTCS MO BOIPOCAM K 3a4ETy.
1.2. Ciucoxk BONPOCOB U (MJIH) 321aHUIM )1 IPOBeIeHUsI IPOMEKYTOUYHON aTTecTaunuu
Cnucok BOIPOCOB K 3a4eTy:

Yro Takoe curnan?

@dyHnaMeHTaIbHbIE KOHLENINY B IIU(PPOBOH 00pabOTKE CUTHAJIOB.

Xpanenue, o0paboTKa 1 nepeaavya U pPOBHIX CUTHAIIOB.

[lepenaua curaanaoB yepe3 TpaHCATIAHTUYECKUN Kabenb Mexay EBporoit u AMepuKoii.

CurHanel TUCKPETHOTO BPEMEHH M MX mpumepbl. CUTHaIbl KOHEYHOW W OECKOHEYHO

JUIMHBI, IEPUOINYECKUE U HENEPUOANUECKUE CUTHAIIBL.

DneMeHTapHbIe OMNEepaTopbl, UCHOJb3yeMble INMpPU 00paObOTKE CHUTHAIOB TUCKPETHOIO

BpPEMEHH.

DHEprusi ¥ MOITHOCT.

Paznanma mexay «uudpoBoii» U «aHAIOTOBOI» YacTOTaMH.

Bocnpounssenenue 3Byka Ha IepCOHAIIBHOM KOMIIBIOTEPE.

0. OcHOBHBIE «CTPOUTEIBHBIE» OJOKU CUCTEM LUPPOBOH 00pabOTKH CUTHAIOB (CyMMAaTop,
YMHOXXHTEIb, 3a/ICPIKKA).

11. Ilpumepsl cxeM, MOCTPOCHHBIX 13 0JI0KOB U(POBOIT 00pabOTKH CUTHAJIOB.

12. Anroputm Kaprnmyca—Ctpomnra.

13. Yro Takoe criektp?

14. Ocuunnauuu B Npupoze.

15. BocnpusiTie OKpy»aroIiero npocTpaHCTBa YEIOBEYECKUM YXOM U TJIa30M.

Al

o

= o
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16.
17.
18.
19.
20.
21.

22.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

Pa3noxxeHue curnana no rapMOHUYECKUM KOMIIOHEHTaM.

[TocnenoBarenbHOCTH KOHEYHOM NITUHBI, TUCKPETHOE MTpeodpa3oBanue Oypre.

Pa3merka yacToTHOM OCH.

CuHTE3 CUTHAJIOB U T€HEpaTOp CUHYCOM/IBL.

BpoxnenHas mepuoaudHOCTh JUCKPETHOTO MpeoOpazoBanus Dypbe, TUCKPETHBIA Psif
Dypse.

[TocnenoBarenbHOCTH OECKOHEYHOU TMHBI (HEMepruoandeckue), mpeodpazoBanrne Oypne
JMCKPETHOT'O BPEeMEHH.

O6mras uaest OpicTporo npeodpazoBanust Pypee.

Anroput™m ObicTporo mpeoOpa3oBanusi dDypbe ¢ OCHOBAHHEM 2 C MPOPEKUBAHHEM
10 BPEMEHH.

Anroput™m ObicTporo mpeoOpa3oBanusi dDypbe ¢ OCHOBAHHEM 2 C MPOPEKUBAHHEM
0 YacToTe.

OOm1ast uaest OKOHHOTO MpeodpazoBanus Dypbe.

Bompockl, Bo3HHKaomMe Mpy UCIOJIb30BAaHUN OKOHHOTO IIpeobpazoBanusi Oypobe.
CrnexkTporpamma u ee pa3mMeTka.

Hcnons3oBanre OKOHHBIX (PYHKITUN pa3HOM JJIUHEI.

JlekoaupoBaHUe ABYXTOHAJIBHOIO MHOTOYACTOTHOTO CHUTHajla, O0aHK (MIBTPOB, CHHTE3
MOJIOCOBBIX (DUITBTPOB C HCIIOIB30BAaHUEM METO/1a Pa3MEIICHUs HyJIel U TOJII0COB.
OOu1re moIoXKeHHsI, MaTeMaTHYECKHI anmnapar, kiaccuukanuu udpoBbIX GUIBTPOB.
BUX- u KUX-hunbTpsl (10CTOMHCTBA  HETOCTATKH).

Ceeptka (mepuoauueckasi U JMHEHHas, cBoicTBa cBepTku). [lepenarounas QyHKuus,
AUX, ®UX, uMnynbCcHasi XapaKTepUCTHKA, IEPEXO0HAS XapaKTEPUCTHUKA.

Onpenenenue UPPOBOro GUILTPa B IUPOKOM U Y3KOM CMBICIIE.

Crnioco6s1 peanmm3anuu u(poBbIX GHIBTPOB.

[Tporiecc mpoexTupoBanus HUPPOBBIX (GuiabTpoB. CrocoObl 3amaHus TpeOOBaHMN
K UG POBBIM (PHITBTpaM.

I'pynmoBast 3agepxKa, (pa3oBas 3aaepiKKa.

KUX-bunbtps c JMHEUHOMN OYX (Toka3aTenbCTBO CHUMMETPUYHOCTH
¥ AaHTUCUMMETPUYHOCTH HUMIIYJIbCHOM xapaktepucTuku Juig ciydas KUX-dunstpos
c muHeitHo DUX, ¢unpTpel THHa 1, THna2, Tuna3, Tuma4, WX JOCTOMHCTBA
U HEJJOCTaTKH, pacronioxkeHune Hyneil KUX-punbTpoB ¢ nuHelHOM (azoil).
Bcenponyckaromue GuiabTphl, ©X CBOWCTBA U IPUMEHEHHE.

MunHuManbHO-(pa30Bble U MaKCUMalbHO-(a30oBble cHcTeMbl. CucTeMBl € 00paTHOU
CBSI3bIO.

TpeboBanus, npeabsBiIsgeMble IPU CUHTE3€ YacTOTHO-u30uparenbHbix KUX-punstpon
(®HY, ©BY, [10, PD).

Mertoapl cunreza KUX-puibTpoB (METOI OKOH, METOJ YacTOTHOH BBIOOPKH, METOJ
[Tapkca-MakkJiemiana).

Cunte3 KUX-dpunstpoB MeTooM okoH (00miast GpopMynHpoBKa, ONpeleieHue OKHa,
STarbl CHHTE3a, siBJieHne ['nbOca, oOmme CBOMCTBA M XapaKTEPUCTUKU OKOH, MPUMEPHI
OKOHHBIX (PYHKLUH, TOCTOMHCTBA M HeIOCTaTKu Merona). OntumansHoe okHO Kaiizepa
(CyTh ONTUMAJILHOCTH, TTAPAMETPHI, OTIPEICTISIOIINE OKHO).

[ToctaHoBKa 3amauM ONTHMAJIbHOTO CHHTe3a. Mepa Onm3octu. YeOblméBckas mepa
ommsoctu. CpenHekBaapaTuueckas mepa Oau3ocTH. OCHOBHBIE 3Tanbl ONTHUMAJIbHOTO
CHHTE3a U(PPOBBIX (PUIBTPOB.

Cunre3 KUX-dpumetpoB w™eromom Ilapkca-Makkiemrana (oOmas  (GopMynupoBka
METO/a, TeOpeMa 4Yepe0BaHMsl, aJrOpPUTM 3aMeHbl Pemesa, TOCTOMHCTBA M HEJOCTATKH
anroputma [lapkca-MaxkkieniaHa).

Mertoapl cunreza BUX-¢unbrpoB (cuHte3 BUX-uiabTpoB Ha OCHOBE aHAJIOTOBBIX
¢bunsTpoB nMpoToTUNOB U cuHTe3 BUX-DunbTpoB B 1indpoBoit o61acTm).

CrniocoOb1 3aanus crierduranuii anst cuateza BUX-hunbsTpos.
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47.
48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.
59.
60.
61.

62.
63.
64.
65.
66.
67.
68.
69.
70.

71.
72.
73.
74.
75.

76.

AHanorosble GUIBTPHI IPOTOTHIIHI.

@unbTp barrepBopra (kBagpatr AUX, nepenarouHas GyHKIMS, HYJIU U MOJIIOCA, YaCTOTA
cpes3a U ee HaxOoXxAeHHUe depe3 crenudukanuu GuiabTpa, dTarbl CHHTE3a GUILTPa, BHIBO
(dbopMyIIbl Ha BEIYUCIICHHE NTOpsAKa (PUIbTpa).

OunpTpel UeobpméBa tuma 1 u tumna 2 (moamHOMBl UeObIEBa 1 UX CBOMCTBA, KBajpaT
AUX, nepenarounas (GyHKIHS, HYJIU U TOJIFOCA, YaCTOTA Cpe3a, ITalbl CHHTE3a (PUITBTPA,
BBIBOJ ()OPMYJIBI HAa BEIYUCIICHHE TIOPsaKa (PrutbTpa).

Onnuntuyeckuit GuiabTp uan Guiastp 3onmorapeBa-Kayspa (smummnrtudeckue (QyHKIUU
Skobu m ux cBomcTBa, KBagpaT AUX, cyTh onTuMaibHOCTH GUIbTpa, GopMmyrna it
BBIUMCIICHHUS TOPsIIKA PUIBTPA).

Cunre3 BUX-(unbTpoB Ha OCHOBE aHAJIOTOBBIX (GMIBTPOB mpoTOTHNOB. CBOMCTBa
oToOpaXkeHUsI, MPeoOPa30BBIBAIOIIECTO AHATOTOBBIH (QUIbTp B nuppoBoil. /[Ba crocoOs
nepexoaa ot anajgoroBoro ®HY k xkenmaemoMy 1udpoBOMy, YaCTOTHO-U30HUPATEITHHOMY
¢mwieTpy: ®HY, ®BY, [1D, PO.

Meron WMHBapMAaHTHOTO MPEOoOpa3OBaHUS HMMIYJIBCHOW XapaKTEpUCTHKW  (0OImas
dbopmMyIHpoBKa).

bununeitHoe z-npeoOpazoBanue (00mas GopmMyaupoBKa, Tpaduueckas HHTEPIPETAIUs,
KOH(OPMHOE OTOOpaKEHUE, CBONCTBA, COOTHOIICHHWE MEXKIY YaCTOTHBIMHU IIKAJaMHU
aHAJIOroBOro u I1u(poBoro (GUIbTPOB, JAOCTOMHCTBA W HEIOCTATKU METOJa, ATallbl
CHHTE3a U(PPOBOro (GUIbTPa HA OCHOBE JAHHOTO METOAA).

Cunre3 BUX-dunbtpoB B mudpoBoit obmacti. Metoa pa3sMenieHus: HyJIeld U MOJI0COB
(oOmast ¢opMyIHpPOBKA, JOCTOMHCTBA M HEJOCTaTKH, NPUMEp CHUHTE3a IU(PPOBOrO
buIBTpa HA OCHOBE JAHHOTO METO/1A).

MeTobl U3MEHEHUS YaCTOTHI IUCKPETU3ALINH.

[ern nmenuManmuu C  [EJIOYHMCICHHBIM  Kodddumumentom M. IlpoextupoBaHue
U peaym3aius J1eumaropa.

lern wHTEpHogAIMH C METOYHCICHHBIM KO3 dumuentom L. IlpoektupoBanue u
peanu3aiys HHTEPIOATOPA.

e mpeoOpa3oBaHus YaCTOTHI ¢ palMOHATBHBIM K03 duniuentom L/M.
MHOTrOCKOPOCTHBIE TOXK/IECTBA.

banku puneTpoB. PaBHOMepHBI 0aHK GuiabTpoB. L-monocHbit KUX-gunptp.
JIByxkaHambHBIH OaHK (UIBTPOB (CTPYKTYpHas CXeMa, BBIBOJ YCJIOBHS TOYHOTO
BOCCTAHOBJICHUS).

OcHoBHBIE TPOOIEMBI TPAKTHYECKOTO UCTIONB30BaHuUs peodpazoBanust Dyphe.
Omnpenenenue BeiBnera. [loctpoenue BeiiBieT-0a3uca.

HenpepbiBHOE BeiiBneT-peodpa3zoBaHue.

JlnagHoe BewBiIeT-mpeoOpa3oBaHueE.

OcHOBHbBIE IPU3HAKU BEHBIIETA.

OcCHOBHBIE CBOICTBA BEUBJIET-aHAIN3A.

JlMcKpeTHOE BEWBIET-IPe0Opa3oBaHueE U €ro CBsI3b C KPATHOMACIITAOHBIM aHATIH30M.
Macmrabupytromas pynkius. Beiner-pyHkiusi.

Bbrictpoe BeliBier-npeoOpa3oBanue. YacTOTHBIM MOAXOM K BBITOJHEHUIO BEHBIIET-
npeoOpa3zoBanus (anroput™m Majia).

Wneonorust mocTpoeHust aaroputMa (QpUIBTpAllMM Ha OCHOBE BEHUBIIET-IpeoOpa3zoBaHUs
(OCHOBHBIE JTarbl U TApaMETPHI).

AnanTuBHBIA QUIBTP.

OcHOBHbBIE KOMIIOHEHTBI, BXOJISIINE B COCTAB aJalTUBHOTO (PHUIIbTpA.

AJropuTM OBICTpPEHIIIEro CIIycKa.

ANanTUBHBIA aJrOPUTM HAWMEHBIIMX KBAJApPaTOB U €ro cxoauMocTh. [loBepXHOCTH
POM3BOIUTENEHOCTH.

[Ipumepsl TpUIOKEHWH aJanTUBHONW O00paOOTKM CHUTHAJIOB (3agada CHUCTEMHOM
UJCHTU(UKAIMY, 3a7a4ya IOAABICHHUS Y3KOIOJIOCHOH IOMEXH B HIMPOKOIOIOCHOM

38



CUTHaJIe, 3aja4a IIOJIaBJICHHUS LIMPOKOIIOJIOCHOW ITIOMEXH Ha OCHOBE aJallTHBHOTO
CaMOHACTpaUBAIOMIETOCS (PUIIBTPA).
77. O6paboTka n300paKeHUH. Y TyUIIeHHE ¥ BOCCTAHOBIICHUE N300paKeHUH.
78. LludbpoBoe n3obpakeHne Kak QyHKIIHSL.

79. [louemy n3o0pakeHUE MOKET MOTYUUTHCS II0XO0?

80. ToHOBOE pacnpezieNieHHe U TpalalliOHHbIC PEOOPa3OBAHMS.
81. OdunbpTpanus N300paKeHUH.
82. Buasl n1yMoB.

83. Macka u Beca. Kpocc-koppensius (B3auMHasi KOPpEAIUsa) U CBEpPTKAa B JIBYMEPHOM

ciIyvae.

84. Henuneiinas

¢bunpTpamus  (MeIUaHHBIN

HEJIOKaJIbHBIE CPEHUE).
85. [leranu peanuzanuu Kpocc-KOPPEALMU U CBEPTKHU JIJIs1 IBYMEPHOTO CITydas.

86. IIpeobpazoBanue Dypbe 1Ist IByMEPHOTO CITydasl.

bunsTp,

87. bazucHelie pyHKIMM TpeodpazoBanus Oypwe Il IBYMEPHOTO CiTydasi.
88. JluckpeTtHoe mpeodpazoBanue Oypre u ero odpalmieHue At ABYyMEPHOTO Cayvasl.
89. UndopmaTuBHOCTH (ha3bl U aMILTATYABI.
90. Teopema o cBepTKe 1 UIBTpALMS B YACTOTHOW OOJIACTH [T IBYMEPHOTO CIydasl.

KpuTtepuu onileHMBaHHUsI 0TBETOB Ha BONPOCHI Oustera

OunarepanbHas

bunpTparms,

. Boicoxkuit
. IIpoaBuHYyTBII
N Iloporoselii ypoBeHb YPOBEHb
Kpurepuii YPOBEHb
(Ha «YI10OBJIETBOPHUTEIbHOY) (Ha
(Ha «xopo1I0»)
«OTJIHYHOY)
CooTtBeTcTBHE Xots ObI yacTHYHOE (HE [Tonnoe [Tonnoe
0TBeTa OTHOCSIIEECs K BOIIPOCY HE
BOIIPOCY MIOJUIEKUT IIPOBEPKE)
Hannuue NwmeroTca OTHENILHBIE MHuoro Ectn
NMpUMEpPoOB pUMEpPbI MIPUMEPOB MPaKTUYECKH KO
BCEM
YTBEPKJICHUSIM
Conepxanue [lonsTuitele Bonpocsl U3nokeHbl ¢ | OTBer moutu noi- | McuepnsiBaro-
OTBETA KiaccuukanusaMu, TpoOJIEMHBIE C | HBIW, 0€3 OMMOOK, | IIHMI MOTHBINA
MOCTaHOBKOH poo6IeMbl U | HE XBaTaeT OT/JEJNb- | OTBET
U3JIO)KEHHEM  Pa3JIMYHBIX  TOYEK | HBIX 3JIEMEHTOB U
3penus. HMmMeroTcs OmMMOKH WM | TOHKOCTEH
pooebl.

2. OnucaHue npoueAypbl BbICTAB/IEHUA OLIeHKHU

N3yuenve AUCLMIUIMHBI 3aKaHUMBAeTCsl 3aueToM. [Ijisg MOATOTOBKM OTBETa Ha BOIPOC

ounera OTBOJUTCA HE MeHee 40 MHHYT.

OL[EHKa «3a4Te€HO» BBICTABJ/IAETCHA, €C/IM OTBET Ha BOIIPOC bunera [aH He HIDKe, UeM Ha

TIOPOTOBOM YPOBHE.

OL[EHKa «HEe 3aUTeHO» BBICTAaBJ/IAETCA, €C/IM OTBET Ha BOITPOC ounera JdH HID)Ke, UeM Ha

TIOPOTOBOM YPOBHE.
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IMpuioxenne Ne2 k padoveil mporpaMMme JUCIHUATIIAHbBI
«OcHOBBI HU(PPOBOIT 00PAOOTKH CUTHATIOBY

MeTonnquKne YKazaHudA IJI CTYACHTOB 110 OCBOCHHIO TUCIHTUIIJIHNHBI

OcHoBHO¥ (hopMOii ycBOEHHUS Y4eOHOTo MaTepuaia mo auciuruimae « OCHOBBI (] poBoit
00pabOTKKU CHUTHAJIOB» SIBJISAETCS CaMOCTOSITEIbHAas padoTa CTyAEHTa, NPUYEM B JIOCTaTOYHO
6ombmoM oO0neme. [lo BceM TemMaM TpeayCMOTPEHBI 3aJlaHHsl CaMOCTOSITEILHOM padoThI, HA
KOTOPBIX TPOUCXOAUT 3aKpEeIUIEHHEe H3YyYEHHOTO Marepuaja M oTpadoTKa HEOOXOJMMBIX
HaBBIKOB.

W3ydenune AUCHUIUIMHBI 3aKaHYMBaeTCs 3a4eToM. OlLeHKa BBICTABISIETCS HA OCHOBAaHUHU
yYpOBHsI C(POPMHUPOBAHHOCTH YKa3aHHBIX KOMIICTCHIIMHA, KOTOPBIA OIICHUBACTCS KaK CPEIHSII
OLIEHKA 10 COBOKYIHOCTH TapaMeTPOB: OIEHKH 332 CaMOCTOSTEIbHbIC 3aJaHWs M OTBETHl Ha
BOIPOCHI OmIIeTA.

OcBOUTH BOMPOCHI JAHHOW JUCIMIUIMHBI CaMOCTOSITENIFHO CTYAEHTY JOCTAaTOYHO
cioxkHo. [locemenne BceX MPETyCMOTPEHHBIX JICKIHMA W TPAKTUYECKUX 3aHATHH SIBISETCS
COBEpPILEHHO HEOOXOIUMBIM. be3 yIOpHBIX U perysipHbIX CAMOCTOSITENIbHBIX 3aHATUI B TCUCHHE
CeMecTpa CIaTh 3a4eT MPAKTUIECKH HEBO3MOXKHO.



