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1. llesan ocBOEHMSsI AN CIMIIJIMHbI

Lenbto ocBoenust AuCHMIUIUHBL «OCHOBBI IU(GPOBON 00paOOTKH CUTHAJIOBY» SIBJISETCS
MOJTrOTOBKA CTYIECHTOB 110 BOIIPOCAM TEOPUU 00PaOOTKHU CUTHAJIOB TMCKPETHOTO BPEMEHHU.

B npouiecce npenoaaBanus JUCHUILUIMHBI PEIIAIOTCA CIEIYIONINE 3a/1a4u:

— H3y4YeHHE OCHOB (hyHIaMEHTaIbHOW Teopuu mudpoBori oopadotku curranos (IL{OC)
B YacTH 0a30BbIX MeTo/0oB W anroput™MoB I[[OC, WHBapuWaHTHBIX OTHOCHUTEIHHO
¢u3uveckoil MpUpoIbl CUTHANA, U BKIIOYAIONINX B ceOs: MaTeMaTHYECKOE ONMHCAHUE
(MaTeMaTH4eCcKHe MOJIENH) JTUHEHHBIX JUCKPETHBIX CUCTEM U IMCKPETHBIX CUTHAJIOB,
BKJTI0Yas JUCKpeTHOe 1 ObicTpoe mpeodpa3oBanue Dypre (AI1D u BIID);

— W3y4YeHHE OCHOBHBIX 3TANoB MpoeKTHpoBaHus U(poBbIX ¢puibTpoB (LID); cuntes n
aHanu3 [{® 1 ux MaremaTH4eCcKOe ONMUCAHUE B BUIE CTPYKTYP;

— U3Y4YEHHE MPUHIUIIOB MOCTPOCHHUSI MHOTOCKOPOCTHBIX cucteM [{OC;

— H3y4YeHHE OCHOB TEOPUHU BEHBIET-IIPeOOpa30OBaHNUS;

— H3y4YeHHE OCHOB T€OPUU AJANTUBHON GUIBTPALIUN HU(PPOBBIX CUTHAJIOB;

— O3HaKOMJIEHHE ¢ 6a30BBIMH BOMPOCaMU 00paOOTKH ITU(POBBIX N300paKCHHUI;

— H3Yy4YEHHE COBPEMEHHBIX CPEICTB KOMIBIOTEPHOTO MOJIETUPOBaHNUs 0a30BbIX METO/I0OB
u anroputmoB [{OC.

2. Mecto nucunminnel B ctpykrype OII 6akanaBpuara

JlaHHas OUCILUILIMHA OTHOCHTCS K 00S3aTeIbHOM YaCTH.

Jlis u3yueHus: OUCHUIUIMHBI TpeOyeTcss 3HaHME OCHOB TEOPHH CHUTHAJIOB M Ilerei
JUCKPETHOT'O BPEMEHH, U3yYaeMbIX B AUCUUILTNHE « T€OpUu AJIeKTpUUEeCcKUX Lemnel (4acTh 2)», a
TaKXKe MaTeMaTHYecKuX KypcoB: «Teopus (yHKUMH KOMIUIEKCHOM mepeMeHHoW», «Teopus
BEPOSITHOCTEN M MAaTeMaTHYECKasl CTaTUCTUKAy». DopMupyeMble HABBIKM B XOJI€ OCBOEHUS Kypca
«OcHOBHI 1TU(POBOI 00paOOTKHM CUTHATIOB» HA dTamnax JalbHEHIIero o0y4yeHus MOTYT SIBIISTHCS
CPEICTBOM BBIMIOJIHEHUSI HAy4yHBIX pabor. CreayeT OTMETUTh JIWHAMHUKY MOCTOSIHHOTO
COBEPILEHCTBOBAHUS CHUCTeM LH(POBOl 00pabOTKM CHUTHAIOB, YTO TpeOyeT OT Mpolecca
IpenoAaBaHusl MOCTOSIHHOM 10pa0OTKH U MepepadOTKH HEKOTOPBIX Pa3/ieiioB.

B cBoro ouepenp naHHaAs AMCLMILIMHA, IOMUMO CaMOCTOSITEIbHOIO 3HAUEHUS, SIBISIETCS
BCIIOMOTaTenpHol g nucuuiuinHbl  «lludpoBble cucTeMbl mepenauu», a Takxke psja
JTUCITUILIAH TIO BBIOODY.

3. [lnanupyemble  pe3yabTaTbl  O0y4eHMs 1O  JWCOMIUIMHE, COOTHECEHHbIe €
IUIAHUPYEMBIMH pe3yJIbTaTaAMHU OCBOCHHS 00pa30BaTe/IbHON NPOrpaMMbl

[Iponiecc wm3ydeHUs AMCLUUIUIMHBI HaNpaBieH Ha (OPMUPOBAHHME CIEIYIOIUX 3JIEMEHTOB
komrereHmii B coorBerctBuu ¢ ®I'OC BO, OIl BO u npuobpeTeHus Cleaylonx 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 MaTeMaTHYeCKOTO 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 BEIOOP 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 moMomplo  anropurMoB  BIID
KOMIIBIOTEPHOI'0 MOJIEJIUPOBAHUS;
OOBSICHATh ~ NPHHUUIBI  MOCTPOCHHS  CHUCTEM
UHTEPNOJALUY ¥ ACLUMALluM, a TaKKe OaHKOB
(UIBTPOB;

OOBSICHATh TPHHIUIBI ITOCTPOCHUSI CHCTEM Ha
0a3e  BeHBieT-peoOpa3oBaHUs W TEOPUH
aIalITHBHOM (DWIILTPAIHH.

cUrHana
cpeacTBaMu




Bnapers 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 Temsbl (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

3aounas popma o0OyueHust

Ne Tembl (pa3aesibl) Buab! yueOHbIX 3aHATHIA, @DopMbI TEKYILLETO
n/n AUCHUTLIMHBI, . BKJIIOYAs] CAMOCTOSITEIbHYI0 KOHTPOJIS
HX co/iep:KaHne 5 padoTy CTyA€HTOB, ycmeBaeMoCTH
S U UX TPY/10€MKOCTh ®opma
8 (B akajileMUYeCKHX Yacax) NPOMEKYTOYHOM
aTTecTaluH
(no cemecmpam)
KonTakTHas padora
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1 |BBenenue B kypc «OCHOBEI 3105 2 |TectupoBaHue
1 poBoit 00padbOTKH
CUTHAJIOBY
2 |duckpeTtHoe 3105 9 |TectupoBaHnue, 3a1aHue
npeoOpazoBanne Oypre. JUISL CaMOCTOATENIbHOU
BricTpoe npeobpazoBanue paboTh
Pypre
3 |OxonHoe mpeobpazoBaHue 3105 9 |TectupoBanue
Dypre
4 |BBenenue B uugpoBbie 3105 9 |TectupoBanue
bUIBTPHI
5 |CnenuanbHbIe THIIBI 3 105 9 |TectmpoBanue, 3amaHue
IUQPOBBIX PUIBTPOB JUTSL CAMOCTOSITETEHOM
paboThl
6 |Cunre3 KUX-punprpos 3 1 1 1 9 |3amanue
JUIS1 CAaMOCTOSITENbHOU
paboThI
7 |Cunre3 BUX-¢punprpos 3 1 1 1 9 |3amanue
JUTSL CAMOCTOSITEIIEHOM
paboThI
8 |MaTeprosmys, TeIuMaItis 3 105 9 |3amanue
1 0aHKH (QUIBTPOB JUTSL CAMOCTOSITEIIEHOM
paboTHI
9 |Teopwus BeiiBneT- 3105 1 11 |YcrHBIH ompoc
peoOpa3oBaHMs
10 |Teopus ananTUBHON 3105 1 16 |YcTHBIH ompoc
(hUIbTpaLuU
Bcero 3 6 2 4 92
3 0,3 | 3,7 |3auer
Bcero ¢ 3aueTrom 3 6 2 4 |03 | 957




Coneprxanue pa3iesoB AUCITUTITNHBI:

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

Yro Takoe curHan? OyHaaMeHTaIbHbIE KOHIENIUU B IU(PPOBOH 00pabOTKE CUTHAJIOB.
XpaneHnue, o0paboTka u Tmiepenada MUGPOBBIX cuUrHajIoB. Ilepemada curHaioB uepes
TpaHCaTIAaHTHYECKUH Kabenb Mexny EBpomoil m Amepukoil. CUTHaNIBI JUCKPETHOTO BPEMEHH
U ux npumepbl. CUrHaNIbl KOHEYHOW ¥ OECKOHEYHO JUIMHBI, IEPUOIUYECKUE U HENEPUOAUUECKUE
CHUTHAJIbI. DJIEMEHTApHBIE ONEpaTOphl, UCIOIb3yeMble MPU 00pabOTKE CHTHAJIOB TUCKPETHOTO
BpEMEHU. DHEPrusi ¥ MOIIHOCTh. Pa3zHuma mMexmy «udpoBOil» M «aHAJTOTOBOW» YaCTOTAMH.
BocnpousBenenue 3Byka Ha MepcOHATBHOM KOMIbioTepe. OCHOBHBIE «CTPOUTEIBHBIEY» OIOKH
cucteM 1U(poBoit 00pabOTKKM CUTHATIOB (CyMMAaTOp, YMHOXKHTEIb, 3a/iepkKa). [Ipumepsl cxem,
MIOCTPOCHHBIX U3 OJIOKOB IHUPpoBOK 00paboTku curHanos. AnroputM Kapmimyca—Crponra.

Tema Ne 2
Huckpernoe npeobpazoBanue Dypoe. bricTpoe npeodpazoanue Oypre

Uto takoe cnektp? OcuuiuisiuyMu B pupoje. Bocnpuarue okpyskarouiero npocTpaHcTBa
YEJIOBEUECKUM YXOM U TJia3oM. Pa3nokeHue curHaja mo TrapMOHMYECKHMM KOMIIOHEHTaM.
[TocnemoBaTeIbHOCTH KOHEYHOW JJIMHBI, OUCKpeTHOe TmpeobOpazoBanne Dypre. Pazmerka
4acTOTHOW ocu. CHHTE3 CHUTHAJIOB M T€HEpaTop CUHYCOUIbl. BpoXkneHHas NepuoaUYHOCTH
TUCKpeTHOTO TpeoOpaszoBanust Dypwe, auckperHoii psanx Dypee. IlocmemoBaTenpbHOCTH
0OECKOHEUHOW JUIMHBI (Hemepuoauveckue), npeodpazoBanue Dypbe AUCKPETHOTO BPEMEHH.
O6mmas uaes O6picTporo npeodpazoBanus Dypbe. Anroput™ ObICTporo npeodpazoBanus Oypbe
C OCHOBaHHUEM 2 C MPOPEKUBAHUEM I10 BpeMEeHU. ANTropuT™M ObIcTporo mpeoOpa3oBaHust Oypbe
C OCHOBaHHMEM 2 C MPOPEKUBAHUEM I10 YACTOTE.

Tema Ne 3
OxonHoe mpeodpazoBanue ypre

OOmass wmzaes OKOHHOro mpeobOpasoBanuss Dypwe. Bompockl, BO3HUKaIOUIME TNPU
UCNOJBb30BaHUU OKOHHOro mpeoOpasoBanus @Pypee. CnekrporpaMmma U €€ pa3MeTKa.
Hcnonp3oBaHne OKOHHBIX (yHKIUE pa3HON mnuHBL JlekoaupoBaHHE JIByXTOHAIBHOTO
MHOI'0YaCTOTHOIO CHrHajla, OaHK (PUIBTPOB, CHHTE3 IOJOCOBBIX (PUIBTPOB C MCIOJIB30BAaHHEM
METO/A pa3MEILECHNS HYJIEH U ITOJIFOCOB.

Tema Ne 4
Brenenue B iudpoBsie PruibTphl

OO0mme mMoIOKEHUs, MAaTeMaTHYEeCKUi anmapar, Kiaccupukanuu nu@poBbIX (GUIBTPOB.
BUX- u KUX-puibTpsl (nocronHcTBa U HemocTatku). CBepTka (meproauyeckas U JIMHEHHas,
cBoiictBa cBepTkH). Ilepemarounas ¢yukmusas, AUX, OUX, wmnynbcHas XapakTepUCTHKA,
Hepexo/IHasl XapaKTepUCTHKA.

Omnpenenenue 1udpoBoro GuiIbTpa B MHMPOKOM M y3KOM cMbiciie. CriocoObl peann3aiun
mdpoBsix ¢uibTpoB. Ilpomecc npoexktupoBanus HUPPOBBHIX GHIBTPOB. CrocoObl 3amaHus
TpeboBaHuil K TUPPOBHIM QUITBTPaAM.



Tema Ne 5
CrenpanbHble TUTTBI TUPPOBBIX (PUIBTPOB

I'pynmoBast  3amepxka, (azoBas 3azaepxkka. KUX-pumbtper ¢ nuneitnoit dUX
(0Ka3aTeabCTBO CHUMMETPUYHOCTH M AHTUCUMMETPUYHOCTH MMITYJbCHOM XapaKTepUCTUKU
s ciydass KUX-¢punberpoB ¢ nunedinoir ®UX, ¢unptpel Thma 1, tuma 2, tuna 3, tuna 4,
WX JIOCTOMHCTBA W HEJOCTaTKH, pacnoioxkenue Hyner KUX-punbrpoB c nmueiHON (a3oil).
Bcenponyckatome  ¢GuIbTpbl, UX CBOHCTBA M HIpUMEHeHHe. MUHHMaIbHO-(a30BbIe
1 MakcUMaibHO-(a3oBbIe crucTeMbl. CHCTEMBI ¢ 00paTHOM CBA3BIO.

Tema Ne 6
Cunte3 KUX-punbTpos

TpeboBanusi, mpeabsBiIseMble IPU CUHTE3€ 4acTOTHO-u30uparenbHbix KUX-puabtpos
(®HY, ®BY, I1®, PD). Meroasl cunteza KUX-bunpTpoB (MeTOA OKOH, METOM YacCTOTHOMU
BbIOOpKH, MeTo1 [lapkca-Makkiiennana).

Cunre3 KUX-bumbTpoB MeTomoM oKoH (obmast (GopMyIMpoBKa, ONpEACICHHE OKHa,
3TaIbl CUHTE3a, sBiieHre ['nb0ca, o0mme cBOMCTBA U XapaKTEPUCTUKU OKOH, TPUMEPbI OKOHHBIX
GbyHKIMA, JOCTOMHCTBA W HeAocTaTku Merona). OntumanbHoe okHO Kaiizepa (cyTh
ONITUMAJILHOCTH, MTaPAMETPBI, ONIPEIENIAIONINE OKHO).

[TocTaHoBKa 3amayM ONTUMAIBLHOTO CHHTE3a. Mepa Omm3octu. YeObIméBckas mepa
onmuzoctu. CpengHekBaapatuueckas mepa Oiamu3octd. OCHOBHBIE 3Talbl ONTUMAIBLHOTO CHHTE3a
nudposeix  uabTpoB. Cunte3 KUX-dunstpoB Meromom Ilapkca-Makkiemrana (oOmras
dopMynHpoBKa MeTOza, TeopeMa dYepeloBaHMs, alrOpUTM 3aMeHbl Pemesa, TOCTOMHCTBA M
Henoctatky anroputma [lapkca-MakkieniaHa).

Tema Ne 7
Cunte3 BUX-¢punstpos

Mertoapl cunreza BUX-¢unbrpoB (cuHTte3 BUX-GunbTpoB Ha OCHOBE aHAJOTOBBIX
¢bunsTpoB npotoTunoB U cuHTe3 BUX-punstpoB B 1mudposoit odmactu). CriocoObl 3amaHus
cneundukanuit st cuaTe3a BUX-puibTpos.

AmnanoroBbie GuibTphl IpoToTUTIEL. PUIBTp barTepBopra (kBagpar AUX, nepenarounas
(GyHKLIHMSA, HYIH U TIOJII0CA, YaCTOTa Cpe3a M €€ HaXOXKICHHE uepe3 crenudukanuu (GuibTpa,
STambl cWHTEe3a (UIbTpa, BBIBOJ (OPMYJbl HAa BBIYUCICHHE Topsaka (GuibTpa). OHIBTPHI
UeObmméBa Tuma | m Ttuna2 (momuHombl YeOwiméBa W uX CBOMCTBa, kBagpar AUX,
nepenaToyHas (yHKUUS, HYJId W TOJIOCA, YacTOTa cpesa, dTambl CUHTEe3a (DUIBTPA, BHIBOJ
dopMynbl Ha BBIYHCICHHME TOpsAKa (GWIBTPa). ODJUIMNTHYECKUN QUIBTp Wi QUIBTP
3onotapeBa-Kayspa (ammunruueckne ¢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 (QuiabTp B IUdpoBod. J[Ba crmocoObI
nepexoga or aHajgoroBoro ®HY k xemaemomy 1udpoBOMy, YacCTOTHO-U3OHUpATEIHLHOMY
¢wieTpy: ©HY, ®BY, IIdD, PO. Meron HHBApHAHTHOTO MPEOOpPA30BaHHUS HMMITYJIbCHON
XapakTepUCTUKH (001mas GopMyIUpPOBKA).

bununeiinoe z-npeoOpa3oBanue (obOmas GopMyIHpOBKa, Tpauueckasi HHTEPIpETaIns,
KOH(OpPMHOE OTOOpa)KeHHE, CBOMCTBA, COOTHOLIEHHME MEXJIy YaCTOTHBIMH IIKaJaMu
aHaJIOrOBOTO M LU(POBOro (pUILTPOB, JOCTOMHCTBA M HEJOCTAaTKH METONA, JTalbl CHHTE3a
nrudpoBoro GpusbTpa Ha OCHOBE JAHHOTO METO/IA).

Cunte3 BUX-punpTpoB B mudpoBoii obmactu. Metoa pa3MelieHus: HyJiel U MOJI0COB
(o6mrast opMyITUPOBKA, TOCTOMHCTBA M HEAOCTATKHU, IPUMEp CHHTE3a IudpoBoro (ribTpa Ha
OCHOBE JIAHHOT'O METO/Ia).



Tema Ne 8
WNuTtepnomnsmus, nenumarys u 6aHKd GUIBTPOB

MeToapl U3MEHEHUS 4acTOThl JUCKpeTH3auuu. llenu nenmManuu ¢ LEI0YMCIEHHBIM
koadurmentom M. IlpoexTupoBanue W peanusanus nenuMaropa. llenmu wuHTepmossmum ¢
[EJIOUUCIIEHHBIM Koa(duuuenToM L. [IpoexktupoBanue u peanuzanus uHTEprnoisropa. Llemm
npeoOpa3oBaHMsI YaCTOTHI C PAIHOHAIBHBIM Kod(durmentom L/M.

MHorockopocTHbele ToXaecTBa. banku ¢uiabTpoB. PaBHOMepHBIM OaHK (GMIBTPOB. L-
nosocHbli  KUX-bunetp. [IByxkaHanpHbIE OaHK (QHIBTPOB (CTPYKTYypHasi CXeMa, BBIBOJ
YCIJIOBUSI TOYHOTO BOCCTAHOBJIEHUS).

Tema Ne 9
Teopus BeiiBneT-npeodpazoBaHus

OcHOBHBIE TPOOJIEMBI  MPAKTHUYECKOTO HCIONB30BaHMs TpeoOpazoBanus Dypbe.
Omnpenenenne  BeiBieta.  [loctpoenme — BeiBier-0asuca.  HempepsiBHOE — BeiBieT-
npeoOpazoBanue. JluagHoe BeiiBieT-peoOpazoBanue. (OCHOBHBIE TPU3HAKU  BEHBIeTA.
OcHOBHBIE CBOWCTBa BeWBIET-aHaIu3a. J[MCKpeTHOE BEHBIET-IPeoOpa3oBaHUE M €ro CBs3b C
KpaTHOMacUITaOHBIM aHajdu3oM. Macmrabupyomas ¢yHkuus. BeiiBner-pynkius. beictpoe
BeliBiIeT-TIpeoOpazoBanre. YacTOTHBIM MOAXOJ K BBIMOJHEHUIO BEHBJIET-MPeoOpa3oBaHUs
(anroput™m Maina). Wneonorus mocTpoeHHs alropuTMa (QUIBTPAllMM HAa OCHOBE BEWBIET-
npeoOpa3oBaHusl (OCHOBHBIC 3TAIBl U TTAPAMETPHI).

Tema Ne 10
Teopust ananTUBHON QUIBTPALIIH

AnantuBHblid (uIbTp. OCHOBHBIE KOMIIOHEHTBI, BXOMSINIHE B COCTaB aJalTUBHOTO
bunpTpa. AJTOPUTM OBICTPEHIIIETO CIyCKa. ATaNTUBHBIN aJITOPUTM HAMMEHBIINX KBAJApPaTOB U
ero cxoauMmoctb. IloBepXHOCTH NMpOU3BOAUTENBHOCTHU. [IpuMepsl NpUIOKEHHHM aJalTUBHOU
00paboOTKK CUTHAJIOB (3a7a4a CUCTEMHOM WACHTU(UKAIIUNY, 33a/1ada MOAABICHUS Y3KOIOJOCHON
MOMEXH B MIMPOKOIIOJIOCHOM CUTHAJIE, 3a/1aua MOAaBICHUS IITMPOKOIIOJIOCHON MTOMEXH Ha OCHOBE
aJlalTUBHOTO CAMOHACTPANBAIOIIETOCS (QUIBTPA).

Tema Ne 11
QunpTpays U yaydlieHne n300pakeHui (OMIHOHAIBHO)

Oo6paboTka M300pakeHUi. YiydlieHHEe W BOCCTaHOBJIEHHE H300paxkeHuid. Lludposoe
n3o0pakenne kak (ynkmusa. [lodemy wu3zo0pakeHHEe MOXKET MOIyduThbes Tuioxo? ToHoBoe
pacripenienieHue U rpajaloHHble npeoOpazoBaHus. OuiubTpanus n300paxkeHnid. Buabl mymos.
Macka u Beca. Kpocc-xoppensiuust u cBeptka. Henuneiinast punbrpanus. MeauanHbi GUIBT.
Jletanu peanuszanuy KpOCC-KOPPENSALUU U CBEPTKH.

[IpeobpazoBanne Dypre. basucHbie (yHkIMU npeodOpazoBanus Dypee. JuckperHoe
npeoOpazoBanue Pypoe u ero odpamenne. MupopmMaTuBHOCTH a3kl M aMIUIUTYbI. Teopema o
CBEpTKE U (PHIIbTpallsi B 4aCTOTHOM OOJIACTH.

Cnucok J1adopaTopHbIX padoT

Cunre3 mudpoBbix KUX-buasTpoB METOI0M OKOH.

Cunte3 nudposbix BUX-puinbTpoB MeTo10M OMITMHEHHOTO Z-TIPe0Opa3oBaHHUsL.
Cunre3 ontumanbHBIX 110 YebpméBy KUX-punbTpos.

MsorockopocTtHas mudpoBas 00paboTKa CUTHAJIOB.

OO6paboTKka cCUTHAJIOB HA OCHOBE BEUBJICT-TIPEOOpPa30BaHHS.

[TpumeHeHne afanTUBHON (UIBTPAIIIK B 00paboTKe U(PPOBBIX CUTHAJIOB.
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5. O0pa3oBaTe/ibHbIe TEXHOJIOTMH, B TOM 4YHCJIEe TEXHOJOTHH 3JIEKTPOHHOI0 O0y4YeHUsl
AUCTAHLIMOHHBbIE 00pa3oBaTe/bHbIEe TEXHOJOIHMH, HCHOJIb3yeMble NPH OCYIIeCTBJIECHUHU
00pa3oBaTeIbLHOIO NMpolecca Mo JMCUUILIHHE

B mnponecce oOydeHus COOTBETCTBYIOLIEH TUCHUIUIMHE HCIONB3YIOTCS ClEIyIOIIHe
o0pa3oBaTeNbHbIC TEXHOJIOTHH:

BBoaHas seknusi — JaeT MepBOE€  LIEJIOCTHOE  IPEACTaBI€HHWE O JIHUCLUHUIUIMHE
Y OPUEHTUPYET CTYJIECHTAa B CHUCTEME M3YyUYECHHS AAHHOW AUCHUIUIMHBL. CTYJIEHTHI 3HAKOMSITCS
C Ha3HAUYEHHEM WU 3aJadyaMH Kypca, €ro poJIbl0 U MECTOM B CHUCTEME YYEOHBIX IUCHUIUIMH
U B CHCT€ME TMOJTOTOBKM B IesioM. JlaeTcs KpaTkuii 0030p Kypca, UCTOPHS Pa3BUTHS HAYKU
U IIPaKTUKH, JIOCTHXKEHUSI B ATOW cdepe, HMEHAa M3BECTHBIX YUYEHBIX, H3JararTcs
NEepCHEKTUBHBIC HaNpaBlieHUs ucciaeaoBaHuil. Ha 3Toll ieKuu BBICKA3bIBAIOTCS METOIUYECKUE
U OpraHU3alMOHHbIE OCOOCHHOCTH Pa0OTHl B paMKax NaHHOW NUCUUIUIMHBI, a TakXe JaeTcs
aHaJIU3 PEKOMEHIyeMOM yueOHO-METOJMUECKOM JTUTEPATYPHI.

AxageMuveckasi JeKIus (WIH JICKIUs 00IIeTo Kypca) — MOCJIeI0OBATeIbHOE U3JI0KEHUE
MaTepuana, OCYIIECTBIIEMOE NPEUMYIIECTBEHHO B BHJE€ MOHOJOTa IMPENnoaaBaTelis.
TpeOoBanusi K aKageMHUUYECKOW JICKIIMH: COBPEMEHHBIN HAy4HBIH YPOBEHb W HACBHIIICHHAS
WH(OPMATUBHOCTh, yOETUTENIbHAs apryMEHTallus, JOCTYIHAas W TIOHSATHAs pedb, 4YeTKas
CTPYKTypa W JIOTMKa, HAJIWYUE SPKUX TMPUMEPOB, HAYUYHBIX JOKA3aTeNbCTB, OOOCHOBAHUM,
(axToB.

JlabopaTopHoe  3aHsiTHe —3aHATHE,  HAMpaBJIEHHOE Ha  HJKCIEPUMEHTAIBHOE
MOATBEPKICHUE TEOPETUUECKHUX MOT0KEHUM.

KoncynbTrauus — 3aHsATHE nepel MNPOBEJACHHEM 3a4yeTa, Ha KOTOPOM MPOBOIUTCS
KOHCYJBTUPOBaHUE M0 H3yUYEHHOMY MaTepuany, GopmMam 3aaHuii UTOTOBOTO KOHTPOJISL, OTBETHI
Ha BOIPOCHI CTYACHTOB IO JTUCIUIUINHE.

6. IlepeyeHb JMIEH3MOHHOTO W (WJIM) CBOOOJHO PACHPOCTPAHAEMOr0 MNPOrPaAMMHOIO
obecreyeHusl, MCMOJb3YeMOT0 MNPH OCYIIECTBIEHHH O0OPa30BaTeJILHOIO Tpolecca Mo
TUCHHUIIHHE

B mpomecce ocymiectBieHus — 00pa30BaTENBHOTO — Tpolecca IO TUCIHILIMHE
UCTIONB3YIOTCS:

st GOPMHUPOBAHUST MATEPHAJIOB JIsl TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M MPOBEICHHUS
IPOMEXYTOUHOU aTTeCTalMH, sl OPMUPOBAHUSI METOJUUYECKUX MAaTEPUAIIOB 110 TUCIUILTHHE:

- mporpammbl Microsoft Office;

- Adobe Acrobat Reader.

7. IlepeyeHb CcOBpeMEHHBIX NPO(ecCHOHAJBHBIX 0a3 MaHHBIX H HMH(OPMAIMOHHBIX
CIIPABOYHBIX CHCTEM, HCI0JIb3YyeMbIX NMPHU OCYIIECTBJIeHHU 00pPa30BaTeIbHOIO Mpolecca 1o
AMCUMILINHE (TPH He00X0AMMOCTH)

B mpomecce ocymiectBieHuss 00pa3oBaTeNbHOTO  Mpolecca IO  JAUCHUIUIMHE
UCIIOJIB3YIOTCS:

ABTOoMaTtu3upoBaHHass OuOnmoreuHo-uHpopMmanuonHass cucrtemMa «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

8. IlepeyeHbr OCHOBHOII W  /JONOJHUTENbHOHW Yy4eOHOl  JHTepaTypbl, pecypcoB
HH(OPMANMOHHO-TEJIEKOMMYHUKANIUOHHOI ceTHn «HHTepHeT» (IpPH HEOOXOAMMOCTH),
PeKOMeHAyeMbIX VIS 0CBOCHUSI A CHHMIIIMHBI

a) OCHOBHasI JIUTepaTypa
1. bproxanos 0. A., TlpuopoB A.JI., [xuran B. ., Xpsmes B. B. OcnHoBbsl 1mdpoBoi
00paboTku curHasnoB: yue0. mocodue. — Spocnasns: Apl'Y, 2013. — 343 c.


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

2. Tlpuopos A. JI., Bonoxos B. A., JlaBperTbeB A. M. OcHOBBI IU(PPOBOH 00PAOOTKH CUTHAIIOB.
JlaGopatopHblif  mpakTHKyMm:  y4e0. mocobume. —  SpocmaBme:  BVYHI[ BBC
«BBA um. npodeccopa H. E. XKykosckoro u 1O. A. T'arapunay (dumuan), 2012. — 195 c.

0) 10MOJTHUTEJIbHAS JIUTEepaTypa

1. TapakanoB A. H.,, Xpsmes B. B., IlpuopoB A.JI. AnantuBHas uudpoBas o0paboTKa
curHayoB: y4e0. mocobue. — SApocmasns: 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 buasTpel: yued. mocodbme. — SApocnasib:
Apl'Y, 2002. — 287 c.

3. bproxanos 10. A. [ludpoBsie nenu u curHanbl: yued. mocodue. 2-e u3a. — Apocnasis: SAplY,
2005.—-153 c.

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

5. Xpsmies B. B., Ilpuopos A. JI., Bonoxos B. A. OcHOBBI Teopuu Iienei: COOpPHUK 3aaad. —
SApocnasns: Apl'Y, 2008. — 119 c.

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

9. MaTepunajbHO-TeXHH4YecKasi 0a3a, HeoOXxoauMasi /11 OCYLeCTBJICHUA 00pa30BaTEJILHOIO
npouecca no TUCHUIINHE
MartepuanpHo-TeXHUUYECKas: 0a3a, HeoOXoauMas sl OCYIIECTBIECHUSI 00pa30BaTeIHLHOTO
mpolecca 1o AUCUUIIIMHE BKJIIOYAeT B CBOM COCTAB ClielUaIbHbIe TOMEILECHUS:
— y4eOHble ayAUTOPUHU I TPOBEICHUS 3aHATUHN JIEKIIMOHHOTO THUIIA;
— yueOHBIC ayJUTOPUH VISl TIPOBEICHUS TA0OPATOPHBIX padoT;
— y4eOHbIe ayIUTOPHUH IS IPOBEICHUS TPYMITOBBIX U MHAUBHIYAIbHBIX KOHCYJIbTAIIUH,
— y4eOHbIE ayIUTOPUU JJisi TPOBEACHHUS TEKYIIETO0 KOHTPOJIS W IMPOMEKYTOUHOU
aTTecTaluu;
— MOMEIICHHUSI JJIsl CAMOCTOATEIbHOU paboThI;
— OMEIICHHUS ISl XpaHEeHUs U TMPOo(UIaKTHIECKOr0 00CTYKUBAHUSI TEXHUYECKUX CPENICTB
o0ydeHusl.
[Tomenenust y1si cCaMOCTOATENbHON PabOThl 00YYaIOIMIMXCS OCHAIEHBI KOMIBIOTEPHOMN
TEXHUKOW C BO3MOXKHOCTBIO MOAKIIOUEHUs K ceTH «V HTepHeT» m olecreueHueM ocTyrna B
3EKTPOHHYIO HH(POPMALIMOHHO-00pa30BaTENIbHYIO CPEy OpraHU3aliu.

ABTOp:
[Ipodeccop kadeapb HHOKOMMYHUKAITUH
U paauopU3UKH, JI.T.H. AL Ilpuopos
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IMpuaoxenne Nel k padoyeil nporpamMMme JUCIUTIIAHbBI
«OcHOBBI HU(PPOBOIT 00PAOOTKH CUTHATIOBY

DoH/1 OLICHOYHBIX CPEACTB
JJISl IPOBEACHUs TeKYylel U POMEKYTOYHOM aTTecTalliy CTYAeHTOB
10 TUCHUILIHHE

1. TunoBbie KOHTPOJIbHBbIE 3aJaHUSI MU HHbIE MaTepPUAJIbI,
He00X0AUMBbIe VIl OLCHKH 3HAHNH, YMeHH i, HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH,
XapaKTepU3yWIIMUX 3TANbI (POPMUPOBAHHUS KOMIIETEHIIH I

1.1. KoHTpoJ/ibHbIE 321aHNSI U HHbIe MATEPHAJIbI,
HCNOJb3yeMble B MIpoLecce TeKylel aTrrecTanumn

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

1.Yro sBisercs NOpeuMyIIeCTBaMH B  HCIOJIb30BaHUM LHU(POBBIX CHUTHAJIOB
nepe] aHaTOroBeIMU? BriOeprTe paBUIBbHBIN OTBET (OTBETHI).

a) [ludpoBsie cUTHAIBI MOXKHO JIETKO XPAHUTb.

0) O6paboTka 1U(POBBIX CUTHAIOB MOXKET OBIThH JIETKO PEATM30BAHHON B COBPEMEHHBIX
KOMIIBIOTEpAX.

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

r) llndposie curHanbl cogepxkaT 00sbIe HHPOPMAIIMH, YeM aHAJIOTOBBIE.

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

6) My3bika, mpociaylaHHasi 3pUTEISIMU Ha )KUBOM KOHILIEPTE.

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

r) CTpanuiia B OOBIYHOM KHUTE.

3. dan cursan x(n) , KOTOpPBIM UMEET CAEAYIOIINI BU:

0, ecrun<QQun>4,

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

[lycte  mepwoauuecKkoe  TMOBTOPEHHE  OTOrO  CHTHAJA  33JaeTCs  BBIPAKCHHEM:

x(n) =

o0
y(n)= Zx(n+7k). Haiitu sHepruto u MOIMHOCTh cUTHANOB x(n) U y(n). OTBETH 3amucaTh
k=—0
JUIL KaXJOro cilydas IIocie 3Haka paBHO. £, = , P, = , E,= ,
P, =

4. PaccmotpuMm curHan  x(n) =06(n)+28(n—1)+38(n—2). OOpaboraem curHan x(n)
C MCITOJIb30BAaHUEM CIICAYIONIETO (DUITBTPA:
x(n)+x(n—1

iy - D)

Bri6epuTe npaBrIIbHBINA OTBET (OTBETHI).
a) Beixog B MOMEHT BpeMEHU 7 =3 HE 3aBUCHUT OT BXO/1a B MOMEHT BpeMeHH 71 = 1.
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0) Brixox 111 MOMEHTOB BpeMeHH 7 > 4 Bcerja 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 cienyromux BeIpaKeHUH CBSI3bIBACT BXOJ U BBIX0T (hrsibTpa?
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. My3blka, 3anucaHHas B CTYIMM, COXpaHEHa Kak LH(poBas IOCIEIOBATEIBHOCTh Ha
CD (anrn. Compact Disc). AHaNOTOBBII CUTHAJI, ONUCHIBAIONINI MY3BIKY, UMEET JUIUTEIbHOCTD
2 MUH. U TNPOJUCKPETH3UPOBAH € 4acToTodl f; =44100 'n. Kakoe KOIMYECTBO OTCYETOB
coxpaneHo Ha CD B mpenmnonoxeHuu, 4to ayauodaiis siBiaseTcss MOHOGOHUYECKUM, TO €CTh

COJIEPXKUT OJIMH KaHay. OTBET 3anmucaTh MOCJIE 3HaKa paBHO.
Yuco ocueToB =

7.Uto sBOseTCS MHHMMAIBHBIM TepuogoM P curHana e’ (M/N)2mn

BesmuuH M u N ? OTBeT 3anmucaTh MOocie 3HaKa paBHO.
ay M =1, N=3, P=
6) M=5,N=7, P=
B) M =35, N=15, P=

JUTSL CIICAYIOIINX

8. [Ipocaymiaiite akkop/l, CreHEpPUPOBAHHBIN ¢ MCIIOJIb30BaHMEM anroputMma Kapminyca—
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  claemyrONmMii  My3bIKadbHBIA  (parMeHT, WMEKIIIUNA  YacTOTy
muckpernzaruu - 44100 ['m. Bam  mpemoctaBieHo ueThipe 00paOOTaHHBIX BEPCHH  3TOTO
¢dparmeHTa. B KakoM W3 HUX CHBIIIHBI HCKAKECHUS, CBS3aHHBIE C HAJIOKEHHUEM CIIEKTPOB,
BO3HHUKAIOIIEM ITPU MOHUAKEHUH YacTOThI quckpeTusaruu 10 8000 I'm.

a) [lepBriii 06paboTaHHBIN (HhparMeHT.

0) BTopoii o6paboTaHHbIl hparMeHT.

B) Tperuit 00paboTaHHEIi QparmMeHT.

r) YeTBepThlii 00paboTaHHBIN (hparMeHT.
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3ameuyanue. B ciyuae TpymHOCTEH 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 PparMeHT Ko/a HE SBISETCS TOYHBIM, TaK KaK 4acTOTa JUCKPETH3AIUU B
HEM yMeHbIaeTcs He B 5,5 pa3, To ectb 10 8000 I'm, a B 6 pa3, To ects 7350 't (a7 mpOCTOTHI).

10. PaccMoTpuM  MY3BIKaIbHBIM _ (parMeHT. BBIMONIHMM Hax HUM  ONEpAIHIO
TUCKpPETH3allMi 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) YeTBepThlii 00paboTaHHBIN (hparMeHT.

3ameuanue. [Ipu BeIMOTHEHNN 3a7]aHKsI PEKOMEHyeTcsl mopaboTarth ¢ ¢aiiinoM quant.m,
KOTOpBI HaxoAuTcs B mamnke. M3mMeHeHue B Kojae 4ucia OWUT s MPEACTABICHUS Ka)XI0TO
orcueta (numberBits) Mo3BoNsSET U3MEHATH YUCIO YPOBHEH KBAHTOBAHHSI.

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

1. Ilycth x(n) — 3TO MOCIENOBATENBHOCTD, @ X (k) — 3TO AUCKPETHOE MpeoOpa3zoBaHue

®ypoe (I1D) sToit mocnenoBaTenbHOCTH. BbiOepruTe MpaBUIIbHBIN OTBET (OTBETHI).
a) Ecnu npumenuts AII® nBaxabpl K curHainy x(n), MOIXY4YUTCS OOpalIeHHBIA BO

BPEMEHU CUTHAI, TO €CTb X(N —n).

27
0) [lycte curnan x(n) = cos[ﬁLn , Tne N — mivHa curHaia, a L — LIEJ0e YHCIIO.

N

) k = La
Torma X(k)=1 2

0, wnHaue.

27
B) Ilycth curnan x(n) = cos(ﬁLn + ¢ |, e N — nnuHa curHaia, a L — 1eJ10€ YHCIIO.

Eej(p, k=1L,
2

Ecin N # 2L, torna X (k)= %e‘f‘f’, k=N-L,

0, mHaue.

r) Ecnu  nmpumenuts JAII® gBaxasl K curHany  x(n), TOIXYYUTCS  CHUTHAI
Nx(0), n=0,

n)=
) Nx(N —n), uHaue.

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

OTBCT.
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a) Beibepem 1Ba mro0bIx BekTopa w;(n) u w;(n) Oasuca Dypbe. DTH BEKTOpa BCerla
OPTOTOHAJIbHBI, €CIU [ # j, a CKaJspHOE IPOU3BEIECHUE OTUX BEKTOPOB MOJUUHSAETCS
N, i=],
BeIpaXkeHHIO (W; (1), w;(n)) =
0, uHaue.
0) Betbepem 1Ba moObIx BekTopa w;(n) u w;(n) Gasuca Dypbe. ITH BeKTOpa BCeria
ABIIIOTCS OPTOHOPMAJIBHBIMHM, €CIM I # j, a CKaJsIpHOE TMPOU3BEICHHE HTHUX BEKTOPOB
N, i=],
HOJYUHSIETCS BEIPAXKEHUIO (W; (1), w j(n) =
0, uHaue.
B) BeiObepem 1Ba moObIx BekTopa w;(n) u w;(n) 6asuca Pypbe. ITH BEKTOpa BCEraa
ABIIIOTCS OPTOHOPMAJIBHBIMHM, €CIM i # j, a CKaJsIpHOE TMPOU3BEICHHE ATHUX BEKTOPOB
L, i=],
HOJYUHSIETCS] BEIPAXKEHUIO (W; (1), w j(n) =
0, uHaue.
r) OpTOrOHaIBLHOCTh BEKTOPOB 3aBUCHUT OT JUTHHBI N 0a3HCHBIX AJIEMEHTOB.

3. PaccmotpuM Tpu cuHycouasl JmHBI N = 64, mpeicTaBiICHHBIE HAa PUCYHKE HUXKE.
Cunycouna y(n) obo3HaueHa Ha PHUCYHKE CHHHM LBETOM, ),(n) — 3e€leHbIM, y3(n) —

KpacHbIM. Tak e pacCMOTPUM CyMMY OTHX CHHYCOMJ M 0003HauuMM ee uepe3 x(n).

[Ipenanonaras, yro JIII® curnana ob6o3HavaeTcs 3ariaBHBIMU OyKBaMH, HallpuMep, ISl CUTHaIA
a(n), AII® — A(k), BeiOepuTe MpaBUIBHBIA OTBET (OTBETHI) M3 BAPUAHTOB IMPEACTABICHHBIX

HIDKE.
N/2, k=0,
a) Y3(k)=<N/2, k=64,

0, uHaue.
—16j, k=8,
0) Yo (k)=416j, k=56,

0, mHaue.
N, k=460,

0, uHaue.

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

e = (x(m), x(m), XK = (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 IOBEICHHE CHUTHAJIA IIapOBO3HOIO TyJKa B YaCTOTHOM M 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 —
(ba30BbIif CTIEKTp CUTHAJIA, S — aHAIU3UPYEMBIN CUTHAJIA, F's — 4acTOTa IMCKPETU3allii CUTHAla
(curnaja Ha IIK npencraBieHn B uudpoii ¢popme!).

5. Ucnonw3ys komany run fft dtmf.p 3amycrure B MATLAB p-daiin (ananor m-
¢aitna, 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), ucnonb3yemsrii ans HaOopa HOMepa B aHaJIOrOBOM
tenedonun (ccbuika). [Ipu BBIMOTHEHUH KOAa T€HEPUPYIOTCS TpU IUMPHI, 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-mepBeix, ABa rpaduka: rpaduk orudaromell curHajia BO BpeMEeHHOU
oOmactu 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 (curdaa Ha IIK mpeacraBiedn B nudgpoii 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 HWXKE TMpeICTaBICHbl  YeTblpe  HU300paKeHHs, IOJyuYeHHBIE
c ucroiap30BaHueM Koxa fft image.m, HaxXoAsIIErocs B IANKE C TECTOBBIM 3aJaHUEM.
Omnpenenuth Kakoe M3 HM300pakeHUI NpencTaBisgeT NPUOIMKEHHE HCXOIHOTO HAaMMEHBLIMM
YHCIOM 0a3UCHBIX (QYHKLUH, UCIOIB3YEMBIX IPU BBIYUCICHUU 00paTHOro 1BymepHoro JAI1®.

3ameuanme. [Ipu Beruncnenun npsimoro u obparnoro HIID mmudposoro nzodpaxeHus
x(n,m), paamepa NxM , rae N — 4ucio CTpok, a M — 4YUCIO CTOJOIOB, MCIOJNb3YIOTCS

crnenyromme GopMyIbl:

N-1M-1
F(k,]) = Z Zx(n,m)e_jzn(k”/N”m/M) ’
n=0 m—O
x(n m)__ Z Z (k,De JzTE(kn/N+lm/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 M3 aByX NOpUMEpPOB COOTBETCTBYET TOHAIBHOMY CHTHAJly BO3BpaTa BBI3OBA,

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

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

B mpenpiaynmieM Bompoce. Kakoil M3 aMIUIMTYIHBIX CHEKTPOB COOTBETCTBYET TOHAIbHOMY
CUTHaJIy BO3BpAaTa BbI30Ba, UCIOJIb3yeMoMy B EBporie?
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9. Heooxomumo Bberumcinuth JII® curnana, cocrosmero mu3 2048 orcueroB. Kakoe
KOJU4ecTBO ByxToueuHbIX [[[1D HeoOxoaumo ucrnonb3oBaTh npu BerauciaeHun AP curnana ¢
UCIIOJIb30BaHUEM alropuT™Ma ObicTporo npeobpasoBanusi ypre (BIID) ¢ nmpopexxnBanuem mo
BpEMEHU?

Yucno nByxroueunbix P =

10. Jlan curHan, cocrosmuii u3 N oTcuetoB, rae N =2". Bo ckombko pa3 4mcio
KOMIUIEKCHBIX YMHOXeHUH ( K|) npu npsimoM BbrunciieHuu JII1®D Gomblie yncia KOMIIEKCHBIX

ymHOxkeHuit (K,) mnpu Bbruucinenun [II® ¢  ucnons3oBanuem anroputma BIID ¢

IPOpEKUBAHUEM IO BpeMeHU? OTBET BBIPA3UTH YEPE3 71 .
Ky /Ky =

JonoanuteabHbii TecT Ne 1
BBenenue B cuctemy koMmnberotepHoro Mmoaenuposanus MATLAB

1. Han BekTop-cTpoka X. YTO NpOM30HWIET C 3THUM BEKTOPOM IIPU BBIIOJHEHUU B
MATLAB xomans! x ' ? Beroepure npaBUIbHBINA OTBET (OTBETHI).

a) Bektop X ocraHeTcs BEKTOPOM-CTPOKOW, a €ro 3JEeMEeHThl OyIyT pacHoJjOXEHbI B
00paTHOM TOPSIJIKE.

6) Bekrop x OyzaeT TpaHCIIOHHPOBAH.

B) Kaxx1p1it 21eMeHT BeKTOpa X OyJIeT BO3BENICH B CTETICHD 2.

r) BekTop X cTaHeT BEKTpPOM-CTOIOIOM.

2. JlaH BeKTOp X, KOTOpBIN onpenensercs U nunnuanusupyercs B MATLAB cnenyromeit
KOMAaHIOM:

x=[123456728910 11 12];
YT0 NpoU30MAET C BEKTOPOM X IIPU BBIITOJIHCHUU KOMaH/IbI:
y = x(2:2:end);
Bribepute npaBuiIbHBIN OTBET (OTBETHI).
a)x = [2 4 6 8 10 12];
0) Ecin cunTare BEKTOp X AUCKPETHBIM CUTHAJIOM C HNEPUOAOM AUCKpeTH3auuu 7y, TO
BEKTOP y OyAeT TUCKPETHBIM CUIHAJIOM C IIEPHOIOM AUCKpeTH3anuu 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

o9 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 kBaapat, n300pakeHHbBIN Ha rpaBiope AnbOpexrta [[ropepa
«Memanxonus». IlpencraBum 3TOT KBaApaT Kak MaTpPULy, COCTOSIIYIO U3 YETBIPEX CTPOK MU
yetbipex cTo61oB. B MATLAB 3T0 MOXHO peanu3oBaTh 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 JMAaroHajdW OJMHAKOBA U
paBHa 36.

0) CymMMa 3JIeMEHTOB BJIOJIb CTPOK OOJIBIIIE CyMMBI 3JIEMEHTOB BJOJb CTOJIOIIOB U CyMMBI
3JIEMEHTOB BJ0JIb [NIABHOM TMArOHAIH.

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

r) CyMMBI 3JIEMEHTOB BJIOJIb CTPOK, CTOJIOIIOB U TIaBHOW JUArOHAIIN Pa3IMYaroTCs.

3ameuanue. /{15 pemenns 3a1aun Bocnoib3yrutech komanaamu 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 AJIEMEHT 3TOM MAaTPHUIbl B TPETHIO CTEMEHB; K KaXIOMY
DJIIEMEHTY TONy4YWBIICHCS MaTpuilbl Jo0aBuM 3HaueHun 100; W3 KaxIOro dIIeMEHTa
MOJIYYMBLICHCS MaTpPHIBl BBIYUCIUM KBAaJAPAaTHBIA KOPEHb; IMPOCYMMHPYEM BCE JIIEMEHTHI
NOJIy4MBIIEHCS MaTpulbl. UeMy paBeH pe3ysbTaT UTOIOBOI'O CYMMHUPOBAaHHS C TOUHOCTHIO IO
BTOPOTO 3HAKa MOCJE 3arsIToi?

Pesynbrar cymmupoBanus =

8.UeMy paBHBI MOJYyJIb M YIrOJl CJEIYIOIIEr0 KOMIUIEKCHOTO 4YHCHa: 2 + 2*1.
Pe3ynprar 3anummTe ¢ TOYHOCTHIO O BTOPOTO 3HAKa IOcie 3amarou. s pemeHus 3agayu
Bocniosib3yiitech MATLAB-dyHKIussmMu abs u angle.

Mopnyns =

VYron =

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

a) ones (N, M) ;

0) zeros (N, M) ;

B) rand (N, M) ;

r) randn (N, M) ;

10. [lyctp A siBAsieTcss MaTpHuLed M3 JECATH CTPOK M JECATH CTONOLOB, a X — BEKTOP,
COCTOAIIMKA M3 JECATHU SJIEMEHTOB. [l BBINOJHEHHUS MAaTPUYHOTO YMHOXKEHHS AX MOXHO
BOCIIOJIB30BaThCA CIAEAYIOIIMM KOJIOM:

A = ones (10, 10);

x = ones (10, 1);

v = zeros (10, 1);

for i = 1:10

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

end

Kakas (kakue) U3 cieqyromux KOMaH/ MO3BOJIST BeKTOPU30BaTh KOJI, MPEACTaBICHHBIN
BBIIIIE, U MTOJTYYUTh aHAJOTUYHBIA pE3yJIbTaT YMHOXKEHUS MATPULIBI HA BEKTOP?

a)v = A * x;

0)v = Ax;

B)vV = sum (A * x);

Nnv = A .* x;

I1.Ilycth ecTh ABa BEKTOPA-CTOJOIA V U W, COCTOSIIME W3 CEMH 3JIEMEHTOB.
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 cnepyrommx komann B MATLAB 103BOJST BBIUHUCIUTE 2
AQHAJIOTMYHBIM 00pa30M, YTO U B KOJIE BHIIIIE.

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

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

12. ITycTh ecTh MaTpuIia X, COCTOSIIAS U3 CEMH CTPOK U CEMH CTOJIOIOB. BhImoTHUM Haj
ITOM MATpUIEH Clenyronpe NpeoOpa3oBaHus: BBIYUCICHUE HATYpaTbHOrO 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 paguouMMyNbC C JUHEHWHONW YacTOTHOM Mopmynsiueit (anrn. Linear

Chirp) x(t) = cos(2nfyt + omtz), rae o = fl;lfo, fo —4acToTa KoyieObaHUs paJuoOUMITyJIbCa B
t
fo+ A
MOMeHT BpemeHH O, S MTHOBEHHAss 4acTOTa B MOMEHT BpeMeHH f. Hamwmmmre
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MATLAB-k0oa, KOTOpBIM BBIUHUCIUT HNPOJAUCKPETU3NPOBAHHYKD BEpPCUIO CUTHaIa Xx(f) ¢
qacToToM auckperuzauuu f, = 8000 I'y Ha mHTepBane 0 <¢<2 cex. Ycranoure f; =0 I

u f1=10Ta, a ¢ =2 cek. Bumsyamsupylite IUCKpETHYI0O BEepCHIO CHTHalIa  x()

C MCII0JIb30BaHMEM KOMaH[bl plot. Kakoe konmdecTBO pa3 curHai nepecekaer och adcrucce?
UYucno nepecedyeHuit =

17. Jlana nocnenoBaTenbHOCTh x(71) KOHEYHOM JUIMHBI, COCTOSAIIASI U3 YETHIPEX OTCUETOB
x(0)=1, x(1)=0, x(2) =0, x(3) =1. Uemy paBHO quckpetHoe npeodpazoBanue Oypone (AI1D)
TOi mnocnenoBatenbHOCTH. Ilpn Bbrumcienun /11D moxxHO BocmoabszoBaTthcsi MATLAB-
byukueit fft.

X(0) =

X(1)=

X(@2)=

XQ3) =

18. Hamnmnte MATLAB-koa, KOTOpPBI MO3BOJIMT BBIYMCIUTH BbIXOh y(n) JIMC-

CHCTEMBbI, ONHMCHIBAEMOHN CIEIYIOMINM JHHEHHBIM pPAa3HOCTHBIM YPAaBHEHHEM C ITOCTOSHHBIMH
Ko unmeHTamu:

V() + 2y(n—1) = x(n) ~ %x(n ),

rae y(0)=0, x(n)=0(n)+ %S(n —1). Kakoe (kakue) u3 CIeAyIolUX yTBEPKIACHUN SIBISICTCS

(SIBJSTFOTCST) TPABUITBHBIMU ?
a) OuibTp SBISETCS YCTOWYMBBIM, HO BBIXOJ y(n) pacXOguTCs H3-32 BBIOPAHHOTO

BXOJIHOIO cUrHana x(n).

0) ¥(5)=2.

B) y(5)=1.

r) unbTp ABISAETCS MaTeMaTH4YecKW HeyctohuuBbiM. 3anyck MATLAB-kona
MOKa3bIBAET, YTO | y(50)| >10'3.

n) Beixon y(n) mpencraBisieT pacxoIsuIuecs] OCHIIISIUN OTHOCUTEIBHO HYJIS, TO €CTh
IIPU YBEIMUYEHUH N aOCONIOTHAS BeIMYMHA y(7) YBEIMUMBAETCS, a 3HAKU y(n) YepenyroTcs.

19. Kakass W3 creayrommux KOMaH] TMO3BOJSET CreHEPUPOBATh 3HAYEHUS CIYy4YaHOMN
BEJIMYMHBI C MAaTEMaTUYECKUM OXHUJAHUEM paBHbIM S5 u jucrnepcuedt pasHout 47 Jlns
BBIUMCJIEHMs] MaTeMaTudyeckoro oxunanusd u aucnepcud B MATLAB MoxkHO BOCIONIB30BaThCs
KOMaHJIaMH Mean U var, COOTBETCTBEHHO.

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

4

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

20. OTkpoiite n 3amycture Qaiin image filtering.m, Haxoasdmuiicsa B Mamke ¢
tectroM. Kom B ¢aiie mMO3BOJAET BBHINOJHUTH JBYMEPHYIO (QHIbTpanui0 IHU(PPOBOTO
u300pakeHust ¢ ucnoib3zoBanueM apymepHoil JIMC-cuctemsl. [locmoTpute Ha oOpaboTaHHOE
n300pakeHHUe W OTBEThTE Ha ciefymoomuid Bompoc. C HUCHOIb30BaHHEM KaKOro U3 JBYX
¢mibTpoB (PHY, ®BY) Ob110 00paboTaHo BXOAHOE H300pakeHue?

a) ®HY.

0) ®BY.
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3ameuanme. [Ipy oTBeTe Ha Bompoc o00s3aTeNbHO O0OpaTWTEe BHUMaHUE Ha
BU3YaJIM3UPOBAHHYIO, BMECT€ C HMCXOJHBIM M 00paOOTaHHBIM H300pAKEHUSIMH, JIBYMEPHYIO
aMILTUTYTHO-9aCTOTHYIO XapakTepuctuky (AUX) dunpTpa. OHa peacraBisieT co0oit GyHKITHIO
ABYX HPOCTPAaHCTBCHHBLIX YaCTOT, 4@ HC OHHOﬁ YaCTOThl, 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 TOYKA C HYJICBBIMU 3HAUCHUSIMU
POCTPAHCTBEHHBIX YaCTOT.

Tect mo Temam Ne 3 u Ne 4
OxonHnoe npeodpazoanue Oypre. Beenenue B nuppoBbie 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 TapMOHMKH PAaBHSETCS
(¢ paguaH, a 4acToTa HACTpamBaeMod — @ paguad. [Ipym HAcTpoWke TUTaphl «HA CIyX»

HEoOXOIMMO clienaTh Tak, YTo0sl @ = @ . [Iporienypa HacTpoiiku TakoBa:

1. IlepeHectn & OIM3KO K M.

2. Korma @ = @ mpourpars 00e rapMOHHUKHU (CTPYHBI) BMECTE.

3. [l onvcaHus MyHKTa 2, MAaTEMAaTHYE€CKH, UCTI0JIb3YEM TPUTOHOMETPHIO:

x(n) = cos(dyn) + cos(®n) = 2 cos D00, oo L0792, 14
2 2
~ 2cos(Agn)cos(@gn).

Torma cos(Agn) — 5TO cUTHAT «ONIMOKMY», KOTOPBIH MOTYTHPYeT Hecylee KoneObaHue, To ecTh
cos((bon). Korma &= @, curnan «ommOKW» SBISIETCS AOCTATOYHO CIA0BIM JUIS TOTO, YTOOBI

€ro MOXHO OBLIO yCIHbImAaTh. VICIONB30BaHHE MOIYJISIIMHA IO3BOJIICT IIEPEHECTH CHTHAI
OI_HI/I6KI/I B CJ'H:II_HI/IMYIO O6HaCTB qacToT U HO‘-IYBCTBOBaTI: €ro, Kaxk aMHHI/ITy,Z[HBIe OCIINJIIIAIINHU
HECYIIEeTo KoJIeOaHus.

2. Ucnonw3ys komaHmy run signal stft.p samycture B MATLAB p-daiin
(anasor m-¢aiisia, HO CO CKPBITBIM KOJOM), HaXOJSAIIUHCSA B TANKE C TECTOBBIM 3aJaHUEM.
3anymeHHbI KOJ| MO3BOJIUT CTE€HEPUPOBATh HEKOTOPBIM CHUTHAJN, COCTOSLIMM M3 HECKOJIBKHX
rapMOHMYECKHX KojeOaHui. DTu KoneOaHus CIeayroT APYT 3a IPYrOM M pa3esieHbl May3aMH.
Cam curnan B Workspace nmakera MATLAB nenoctynen. [IpoananusupyiiTe cnieKTporpammy
3TOr0 CHUTrHajla, IMOJYYEHHYI0O Ha OCHOBE OKOHHOro mpeoOpa3oBanHusi dypne, u BbIOEpUTE
MPABUJILHBIN OTBET M3 BAPUAHTOB HIIKE.

a) CreHepupOBaHHBI CUTHAJI COCTOMT W3 TPEX TapMOHHUK Pa3HOW YacCTOTHI, KOTOPHIE
CIEeIYIOT B MOpsJKe: rapMOHMKA ¢ yacToToil f| [I'm], 3arem — f, [I'n], manee — f3 [I'n], roe

fi<fa<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
CIIeyI0T B NOpsJAKe: rapMoOHMKa ¢ dactotoit f3 [I'u], 3atem — f5 [I'u], nanee — f] [T'u], roe

N <fa</f3.
B) CreHepupOBaHHBIM CHUTHAJI COCTOMT M3 TPEX TapMOHUK pPa3HOM YacTOTHI, KOTOPHIE
CIEeIYIOT B MOpsJKe: TapMOHMKA ¢ yacToToil f| [I'm], 3arem — f3 [I'n], manee — f, [I'n], roe

fi<fa<f3-

r) Kro-HuOyap 3ameTun 371ech Oolbliiee KOTUIECTBO TAPMOHUYECKUX KoJieOaHwmii!

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

J | I A
--w-r—-l )
T |

W3¢ Wy W9 /2

[Tepexogubie [lepexonnbie
MOJIOCHI TIOJIOCHI
B) r)

4. Heo6xomumo cunTe3upoBarh IudpoBoit KUX-GuiabTp HIKHMX YacTOT, KOTOPBII

YAOBJIETBOPSIET CASAYIOIIUM CICIH(PUKAIUSM:
o, =0.187, ®, =0.22n, §,, =0.0001, &, =0.001.

s pacuera kK03(PUITMEHTOB UMITYJIbCHON XapaKTEPUCTUKH BaM IPeIJiaracTcsl UCIOIb30BaTh
MeToJT OkOoH. Kakue OkoHHbIE (DYHKIMU, TPEACTaBICHHBIC HUXKE, MOJOUAYT UIsl PEIICHUs
NAHHOU 3a1a4uu’?

a) OkHo baptierra.

0) OxHO X2HHUHTA.

B) OkHO X3MMHMHTA.

r) OxHO bidkMmeHa.

5. Heo6xomumo cunTe3upoBarh I1uppoBoit KUX-QuinbTp HIKHHX YacTOT, KOTOPHIi

YAOBJIETBOPSIET CASAYIOIIUM CICIIH(PUKAIUSM:
®, =0.18n, ®, =0.22n, §,, =0.01, 3, =0.001.
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Jlnsa pacuera ko3¢ GUIMEHTOB UMIYJIbCHOW XapaKTEPUCTUKU BaM PEKOMEHAYIOT HCIIOJIb30BATh
METOJT OKOH U OKOHHYI0 (QyHKIHI0 brmakmena. Kakoil mopsiiok cMHTE3UpOBaHHOTO (puUibTpa, a
Takke MakcumanbHoe oTkioHeHHe AUX ot 1 B monoce nponyckanus (I1I1) u makcumanbpHOE
orkioneHne AUX ot 0 B monoce 3anepxkuBanus (I13) OyayT momydeHbl B JaHHOM Ciydae.

[Topsimok dpumpTpa =

Makc. otki. AUX B I =

Makc. otki. AUX B II3 =

6. Kakue n3 cieayronmx CUCTEM SABJISIOTCS TUHEUHBIMU ?
a) AMIUTMTYTHAsE MOIYJISILIUSL:
y(n) = x(n)cos(®,n),
rae x(n) — mepenaBaeMoe cooOIIeHue, a cos(®,,7) — Hecyliee KouebaHue.

2
6) ()= x(0).
dt

B) PacTaruBanue (cxatue) BpeMeHHOM mKanbl: y(¢r) = x(or). Hampumep, eciu Bl
npourpeiBacTe LP-45 BUHWIOBYIO IUIACTUHKY CO CKOPOCThIO 33 00/MHMH, TO KO3(P(UIIUECHT
o =33/45.

r) OrpannyeHue curHaga no aMIUIMTYe BUJA:

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

n)=
y() M., unaue.

n) Beruncnenne — mpeoGpasoBanmsi  Dyphe  AucKperHoro  Bpemenu X (e/®)
(anrn. Discrete-Time Fourier Transform) mocnenoBaTensHOCTH x(n) .

7. KaKI/Ie nu3 CJIG,Z[YIOH_II/IX CUCTEM SBJISIFOTCA I/IHBapI/IaHTHI:IMI/I K C,Z[BI/IFY?
a) AMIUTUTYTHAS MOTYJISIUS:
y(n) = x(n)cos(®,n),
rae x(n) — mnepepaBaeMoe cooOIeHue, a cos(®,n) — Hecyliee KonebaHue.

2

6) () =x().
dt

B) PacTsaruBanue (cxxkatue) BpeMeHHOM wmiKanbl: y(¢) = x(or). Hampumep, eciu BbI
npourpsiBaecre LP-45 BHHMIOBYIO MIACTHHKY CO CKOpPOCThIO 33 00/MuH, TO K03(duuumeHt
o =33/45.

r) OrpaHn4eHue curHaaa o aMIUIMTyAe BUA:

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

n)=
y () M, unaue.

1) Beluncnenne  mpeoOpasoBanuss ~ Dyphe  AuCKpeTHoro  Bpemenu X (e/®)
(anra. Discrete-Time Fourier Transform) nocnenoBareabHoCTH x(71) .

8. [IpenacraBum cebe, 4TO B KadecTBe HMIYJbCHOW xapaktepuctuku JIMC-cuctemsl
BBICTYNAET HWMITYJIbCHBI OTKJIMK T[OMEMIEHUS. ODTOT OTKIMK MOXHO TIOMYy4YUTh C
UCTIOJIb30BaHUEM MHKPOQOHA, KOTOPBIA 3alMChIBACT 3BYK, MPEICTABISIONIAN pacCeUBaHHE
UMIYJIbCHOTO WCTOYHHKA 3ByKa. [IpuMepoM TMOAOOHOTO OTKIMKA MOXET BBICTYIATh
UMITYJIbCHBIM OTKIMK Jlo3aHHCKOTO cobopa, koTtopbid m3Mmepun Jlokmannu M. (Dokmanic 1.) u
€ro KOJUIETH, 3alucaB 3BYK JIOMHYBIIETO B cCOOOpe BO3MyIIHOTO Imapuka. [Ipocmymaiite 3ty
3anuch. BEIMONTHEHNE omepay CBEPTKU ATOH 3amucu (MMITYJIbCHOM XapaKTEPUCTHKH cobopa),
HanpuMep, C 3alUChI0 MY3BIKATbHOTO (parMeHTa, MOJYYeHHOTO C HCIOJIb30BaHUEM
BUOJIOHYEITH, TTO3BOJISIET HCKYCCTBEHHO MEPECO3/1aTh aKYCTHKY OOJIBIIIOTO MPOCTPAHCTBA COOOPA.
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http://en.wikipedia.org/wiki/LP_record
http://en.wikipedia.org/wiki/LP_record
http://en.wikipedia.org/wiki/Lausanne_Cathedral
http://lcav.epfl.ch/people/ivan.dokmanic

B uTore MoxeT OBITh MOTYUYEH CIEAYIONINI MY3bIKaIbHBIN (hparmMeHT. OTBETHTE HA CIIECIYIOMINN
Bornpoc. Kakum cBOMCTBaM yJIOBIETBOPSIET UMIYJIbCHBIN OTKIMK Jlo3aHHCKOTO cobopa?

a) YCTOWYMBOCTh B CMBICJIC OTPaHMYCHHBIN BX0J1 — orpaHn4eHHbIN Beixo1 (OBOB).

6) UmmynbcHas XxapakTepuCcTUKa UMEET OECKOHEUHYIO UTUHY.

B) Kay3aipHOCTB.

9. Ilycts umnysnbcHas xapakrepuctuka JIMC-cucremsl uMeeT BUA:
h(n) =38(n)—06(n-1),
a BXOJHOE BO3/ICIICTBHIE Ha CUCTEMY OIPEAEIAETCS CIEeAYIOMUM 00pa3oMm:

{1, n=0,
x(n) =
0, unave.
Beluucnaure BBIXOA CHCTEMBI B clefyromue MOMeHThl BpeMeHu: y(—1), y(0), y(1),
y(2)-
yD=
()=
y(0) =
y(2) =

10. ITycts uMnynbcHas xapakrepuctuka JIMC-cucremsl umeeT BUA:
h(n) =38(n)—06(n-1),
a BXOJIHOE BO3/ICHCTBUE HA CHCTEMY OIPEENIAETCS CIeAYIOINUM 00pazoM:

n, n>0,
x(n) =
0, unaue.
Beruucnure BBIXOA CHUCTEMBI B clefyromue MOMeHThl BpeMeHu: y(—1), »(0), y(1),
y(2)-
y=l=
y() =
y(0) =
y(2) =
JlonmonuTeabHbI TecT Ne 2
Brenenue B iudpoBsie PribTphl
1. Paccmorpum ®@HY ¢ 4acTOTHOM XapaKTEPUCTUKOM, MPEICTABICHHON Ha PUCYHKE
HUXKeE.
H(e’®)
A
1

v

| ]
- -m/2 0 /2 x

Uro sBrigercs BBIXOAOM y(n) dTOro (GuibTpa, €cClId BXOJHOE BO3ZEHCTBHE

x(n) = cos T |+sin| Zn |+ 0.5c0s 3—nn ?
5 4 4
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y(n) =

3ameyanme. OOpaTure BHMMaHUE Ha TO, YTO B 3a/ade 4YacTOTHAs XapaKTepHCTUKa
npezcTaBieHa B BelecTBeHHOM (opme, To ecth DUX ¢uinbTpa npeamnonaraercss paBHON HYIIO.
[Ipu permennn 3amayn HEOOXOAMMO BCIOMHHTH, Kak Bo3aelcTByeT AUX Ha aMIUTUTYIHBINA
CIEeKTp CHUTHaja (TeopeMa O CBepTKe). 3Has 3TO, KaKHUe-TO BBIYUCIEHHS, CBS3aHHBIE C
UCIIOJIb30BaHUEM npeoOpazoBanust Pypre nauckperHoro Bpemenu (anri. Discrete-Time Fourier
Transform), Bam He MOHAIO0STCS.

T . .
2. llycrb x(n) = COS(E nj npeacTaBisieT co0oi CUrHall, MmolaBaeMblii Ha BXOJ (PHIBTpa C

. . I . (=
HUMITYJTHCHOM XapaKTEPUCTUKON h(n) :gsmc gn . Breraucnure CUTHAJ

o0
y(n) = Zx(m)h(n—m) Ha BBIXOJE (HUIBTPAa M YKaKUTE B OTBETE TO, YEMY paBEH BHIXOJ B
m=—00
MOMEHT BpeMeHH 71 =5, TO ecTb y(5) .

y(5) =
3ameuanue. [Ipu permeHun 3a7aun MOCTapaliTeCh MCIOJIB30BATh YACTOTHYIO 00JIaCTh U
TEOpeMy O CBEPTKE, IIPeIBAPUTENBHO omnpenenuB dopmy AUX uibTpa u ero 4acToty cpesa.

3. Ucnonp3ys koMaHqy run problem 3.p 3amycture B MATLAB p-¢aiin (ananor
m-daiisa, HO CO CKPBITBIM KOJIOM), HaXOISAITUNCS B MMAIKE C TECTOBBIM 3aJJaHUEM. 3aITyICHHBIA
KOJ[ TIO3BOJIUT TOCTPOHUTHh HYJb-TIOMIOCHYIO AuarpamMmy (QuIbTpa, MPEACTaBISIONIETO CcOOO0M
JINC-cucremy. IlpoanamusupyiiTe nuarpaMmy H OINPEACIUTE YaCTOTHYI H30HUpaTeIbHOCTH
(®HY, ®BUY, I1®, PO) punbtpa, ero nopsaok U pe30HaAHCHYIO YacTOTY.

YacTtoTHast U130MPaTEIbHOCTD:

[Mopsinok ¢punbTpa =

Pe3onancHas yacrora = paauaH.

4. 3anycture B MATLAB m-¢aiin problem 4.m, HaXoJsIIUiicAd B NalKe C TECTOBBIM
3afaHueM. [IpennoxeHHbI 171 aHaau3a KOJ MO3BOJsET 00paboTaTh aAIuTUBHYIO CMECh JIByX
TapMOHUYECKUX CHTHAJIOB, UMEIOLINX ONPE/IEICHHBIC aMIUIUTY/ Ibl, HadyalbHbIe (pa3bl U YaCTOTHI.
B kadectBe ¢unabTpa, y4acTBYIOIIETO B 00paOOTKE HCIONB3YETCS YaCTOTHO-MU30MpaTEeIbHBIN
BUX-punbTp. BeiGepuTe npaBuiibHBINA OTBET (OTBETHI) U3 BAPUAHTOB, PE/ICTABICHHBIX HUXKE.

a) Mcrionb3yeMblit GUIIBTD SIBISETCS PEKEKTOPHBIM.

0) crons3yeMblii (GUITBTp SIBISETCS TTOJIOCOBBIM.

B) 'apmonnka Ha wacrore 0.0lm paguan mporyckaercs, a rapMOHMKa Ha YacToTe
0.5m pamuaHT MOJABISETCA.

r) l'apmonnka Ha wyacrore 0.57m paauaH NpomyckKaercs, a TapMOHMKa Ha 4YacToTe
0.0l paguaHT mogaBisieTCs.

1) O6e TapMOHUKH MPOITYCKAIOTCS UCTIOIb3yEMbIM (DHIIBTPOM.

5. Beruucnuth z-npeoOpa3oBaHUe MOCIeNOBATEIbHOCTH x(n) =n-1(n), yKazaB o0nacTh
CXOIUMOCTH X (z).

X(z) =

3ameuanue. Ectu  o0mactb  CXOOMMOCTH  z-TipeoOpa3oBaHHs B  OTBeTe OyaeT
OTCYTCTBOBATb, OTBCT 3aCYNUTAH HC 6y,Z[GT!
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1

(1—0.42‘1)2

6. Berunciauts obpatHoe z-nipeoOpazoBanne X (z) =

zZ|>04.

x(n) =
3ameuanue. [Ipu pemennn 3aaun 06paTuTe BHUMAaHUE HA KPATHOCTH MOJIOCA.

7. lano pa3zHocTHOE ypaBHeHHe, onuckiBatoniee JIMC-cucremy:
y(n)=5y(n=-1)+6y(n—-2)=x(n—-1).
Onpenenutsb nepenaTounyto GyHKIU0 H(z) 3TOM CUCTEMBI.

H(z)=

8. JINC-cucrema onuckeIBaeTCsl pa3HOCTHBIM YPABHEHUEM
y(n)—y(n—-1+0.25y(n—-2)=x(n)—0.25x(n—1).
Haiinure MMITyJIBCHYI0 XapaKTEPUCTUKY /(1) ITOW CUCTEMBI, @ TAKXKE OTKIUK )(7) CUCTEMBI Ha

x(n) = (0.5)"1(n), IpU HyJIEBBIX HAYAILHBIX YCIOBUSIX.
h(n) =
y(n) =

9. PaccMOTpUM CHCTEMY, NPEICTABIEHHYIO Ha pucyHKe Hwke. [lycts H(e/®) sBnsercs

. . . . T
YaCTOTHOM XapakTepucTukou uueanpbHoro @HY ¢ wacroron cpesa o, :Z. Paccmorpum nBa

curHana xj(n) u xp(n), Kaxabli U3 KOTOPHIX B OTAEIBHOCTH IOAAETCS HA BXOJ CHCTEMBI.

ITycts curnanel xj(n) U xp(n) sBIAIOTCA y3KomojocHbIMU. Ilosnoca dacToTr, B KOTOpOM

T W
COCpPEeIOTOUEH CUTHAN X|(7), ONpPEAEsIeTCsl AUana30HoM [—Z, Z} paauaH, a CUrHazna xp(n) —

3n 3n o
[— n,—T U T’ 7| pamuaH. BeiOepuTe MNpaBUIBHBIA OTBET W3 MPEACTABICHHBIX HIKE

BapHaHTOB.

(1" (1"

x(n) B y(n)
H(e’®)

a) O0a curnana xj(n) u x,(n) OyIyT MPOIYCKATHCS CHCTEMOM.
0) Curnan xj(n) Oyner mporyckaTrbcs CUCTEMOM 0e3 U3MEHEHUH, a curHan x,(n) Oyner
0T(UIBTPOBAH.

B) Curnan x,(n) OyaeT mpomyckaTbcs CUCTEMOM 0e3 U3MEHEHUH, a curnan xj(n) Oyaer
OTGHUIBTPOBAH.

r) O6a curnana xy(n) u xp(n) OyayT OTUIBTPOBAHBI CHCTEMOM.
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3ameuanue. [Ipy pemieHnn 3a7a4Ml UCHOJIB3YWTE YacTOTHYIO obOsacTh. BemomumTE TO,

uro (—1)" = cos(nn) = /™", a NIEPEMHOKEHUE CUTHAJIOB BO BPEMEHHOU 00JIACTH COOTBETCTBYET

CBEPTKE WX YACTOTHBIX 00pa30B B YaCTOTHOW 00JacTh. JJOMOIHUTENEHO HEOOXOMMO OTMETHTb,
4yT0 npeodOpazoBanust Oypwe auckperHoro Bpemenu (anri. Discrete-Time Fourier Transform) ot

DN A A A .
e/ papHo §(d— @), e 8(®) — nenbra-Gynxims [upaka, a cBepTKa B YaCTOTHON 061aCTH
uactoTHOro o6paza X(e/®) mekoroporo curhama x(n) ¢ OQyHkiuuedn S(O— @) aaer

X(ej((b_(bo)) _
10. Ilycte  h(n) sBHAsSeTCS UMIYJIBCHOM XapaKTEpUCTHUKON wHaealbHOro (uibTpa ¢

o ~ T
qaCTOTOU CpC3a O, <E paguan. Kakass cmcrema SBIISIETCA SKBHUBAJICHTOM CUCTEMBI,

NPECTaBICHHON Ha pUCYyHKE HIDKe? BpiOepuTe mpaBMIIbHBIA OTBET U3 MPEICTABICHHBIX HIDKE
BApUAHTOB.

x(n) N oY)
—» | cos 5" h(n) + >

h(n)

a) Uneansupiii ®HY ¢ ypoBHem AUX B mojioce mpoIycKaHUsi paBHBIM | M 4acTOTOM
cpesa @ .

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

B) Uneansubiii ®BY ¢ ypoBuem AUX B mosioce mporyckanusi paBHbiM 0.25 ¥ 9acToTO#
cpesa @ .

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

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

e) Uneansubiit ®HY ¢ ypoBHeM AUX B nonoce mpomnyckanus paBHbIM 0.5 ¥ 4yacToTON
cpesa 20, .

3ameuanue. [Ipy pemeHun 3agaud, BO-NEPBHIX, HEOOXOIUMO BCHOMHHUTH TO, YTO

2 1+ cos(2x)
cos”(x) = — Bo-BTOpBIX, BOCIIONIB30BAaTHCSl 3aME€UaHUEM, yKa3aHHBIM B 3amade Ne 9.

B-TpeThux, BCIOMHUTH, YTO KackagHoe (mociemoBaTenbHoe) coeanHenne nByx JIMC-cucrem
OPUBOIUT K MEPEMHOKEHHIO UX MEpeAaTOUYHbIX (PYHKIMHM (YAaCTOTHBIX XapaKTEPHUCTHK), a
MapajuIeNbHOE — K CI0KEHUIO.

Tecr mo Teme Ne §
CrnenaibHbIC TUTIBI U(PPOBBIX GUIBTPOB

1. HapucoBate AUX uaeansHoro ®BY na untepBane or 0 no 4n paauan. [1onoxuth
4acToTy cpe3a GuibTpa paBHOU 3HadeHUto 0.57 paguaH.

28



OTtBeT N300pa3urte HUKe!

3ameuanue. [Ipu uzobOpaxkennn AUYX 00s3aTeabHO MOAMUIINTE OCH W ©IUHHUIIBI
U3MepeHus Mo HUM. [Ipu OTCYTCTBHM MOCTIETHETO OTBET 3aCUUTaH He OyaeT!

2. 3anucaTh MaTeMaTUYECKOE BBIPAXKEHHE, OMUCHIBAIOIIEE TPYIIIOBOE BPEMs 3aJEP>KKU
(TpynmoBYyIO 3aJI€PIKKY ) TUHEHHON HHBAPUAHTHOM K CABUTY CHCTEMBI.

LE: (é)) =

3.Kak B oOmem ciydae BBITJISIAT YCIOBHsSI O€3BICKQXEHHON TIepeladyd CHUTHAJIOB.
Bribepute npaBuIIbHBIN OTBET U3 BAPUAHTOB, MPEICTABICHHBIX HUXKE.

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

0) y(n)zk-xz(n—no).
B) y(n)=k-x(n—ng).
1) y(n)=x(n—ng).

4. Kakyro ¢opmy mmeror AUX m OUX nudpoBoro dumpTpa s ciydas, Koraa
BBITIOJIHSFOTCS YCIIOBUS O€3bICKaKEHHOM Nepeaayn curaanoB? BeiOepure nmpaBUiIbHBIN OTBET U3
BApUAHTOB, IPE/ICTABIICHHBIX HIXKE.

a) AUX u @OUX sBisorcs JIMHEHHBIMH B IpefeNax 3aJaHHOW o00JacTd 4YacTor,
3aHUMAEeMOI CIIEKTPOM CUTHaJa.

0) AUX u ®UX sBIAIOTCA TMOCTOSHHBIMH B Tpeneiax 33aJaHHOM 00JacTh 4YacTor,
3aHMMAEMOI CIIEKTPOM CUTHaJa.

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

r) AUX sBusiercs mnocTostHHOM, a DUX sBisieTcss JTUHEWMHOW B Mpedenax 3aJaHHOMN
00JacTu 4acToT, 3aHUMAaeMOM CIIEKTPOM CHUTHaJja.

5.Kakoit u3 nByx cmekTpoB HeceT Oonbie uHbopmanuu o curHaine? Bribepure
IIPaBUJIbHBIN OTBET.

a) AMIUTUTYTHBIN CIIEKTP.

0) ®a30BbIii CHEKTP.

3ameuanue. [Ipu oTBeTe Ha BOMpOC 00s3aTEIHLHO BCIIOMHHTE aHOHC K Jiekiuu «KNX-
¢mbTphl ¢ muHeitHoN @YX, mpecTaBiIeHHbIM Ha CTPaHUIE Kypca.

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

a) Becenpomyckaromue GuiabTpHI.

0) KUX-bunsTpsl ¢ muHeitHOM OUX.

B) KUX-unbTpsl ¢ CHMMETPUYHOM UMITYJIBCHOM XapaKTEPUCTHKOM.

r) KUX-hunbTpel ¢ aHTUCUMMETPUYHON UMITYJIbCHON XapaKTEPUCTHKOM.

7. Ilycte HONMb KUX-dpunbsTpa derBeproro mopsaka ¢ jguHeiHod PUX HaxomuTcs B
jTE
Touke zg =2-e¢ 2. B kakux TOukax OydyT HAXOIUTHCS OCTABIIMECS HYIH (HUIBTPA,

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

8. Ina xakux u3 cnenyroumx tunoB KUX-punstpo ¢ nuueitHoit ®UYX Bo3MoOKeH
cunte3 ®BY? BriGepute npaBriibHBIN OTBET (OTBETHI) U3 BAPUAHTOB, MIPEICTABIICHHBIX HIDKE.
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a) ®unptp THNA I.

6) ®unbTp THNA II.
B) ®unbTp Tumna III.
r) @unbtp THNA [V.

9. Kakue u3 cnemyroumx (puiabTpoB OyayT uMerh AUX paBHYI0O KOHCTAHTE BO BCEM
JMana3oHe 4acToT. BeiOepure mpaBuiIbHBINM OTBET (OTBETHI) M3 BApPHAHTOB, MPEICTaBICHHBIX
HUXKE.

a) Bcenpomyckarorue GUIBTPHI.

6) KUX-dunbTpsl ¢ nuneitnoit ®UYX.

B) KUX-punbsTpsl ¢ HenuHEitHOM DUX.

r) KUX-punpTpel ¢ CUMMETPUYHOM M aHTUCUMMETPUYHOH  HMMITYJIbCHOU
XapaKTEPUCTUKOM.

10. Kakue u3 ¢uIbTpOB, OMUCHIBAEMBIX IEpEAATOYHBIMU (GYHKUIUAMU H(z) HUXKe,

SIBIITFOTCSI  BCETIPOITyCKAlOMUMU. BpiOepuTe mNpaBUIbHBIA OTBET (OTBETHI) W3 BApPUAHTOB,
MPEJCTABICHHBIX HIXE.

_1 *

a) H(z) :%

l—a-z~

KOMIUIEKCHOE COTPSIKEHUE.

-1
l-a-z N
0) H(z) = 5> DM€ @ — KOMILICKCHBIH kod(urment, cumBosn * o0Oo3HaUaET

z —a
KOMITJICKCHOC COIPSKCHUC.

, TI€ @ — KOMIUIEKCHBIM KO3 (UIIMEHT, CHUMBOJ * 00O03HA4YaeT

-1 -2
B) H(z) = d-cz +z , T7ie d ¥ ¢ — BeuleCTBEHHBIN K03 (DUITUEHTBI.
l—cz ' +d 272
l—c-z l4d.z72
r) H(z) = , T1e d ¥ ¢ — BEeIIECTBEHHBIN KO3 UIIUCHTHI.

d—c-z_1 +2772

11. [IycTh momioc BCEMpOIyCKaromero (uibTpa BTOPOTO MOPSAAKAa HAXOIUTCS B TOUYKE
LT

i
z, =0.5-¢ 2. B Kakux Touykax OyAyT HAaXOJUTbCA HYJIM M TOJIOCHI, HpeAnoaras TO, 4TO

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

ITomrocer:

12. Kakoit u3 (uabTpoB MOXET OBITh HCIIONB30BaH JUIsl BBIPABHHBAHUS TPYIIIOBOM
3aJepKKU TIpH KOMIeEHcaluu (pa3oBbIX HeIMHEWHHocTeil. BrpiObepure npaBUIBHBIA OTBET U3
BApUAHTOB, IPE/ICTABIICHHBIX HIXKE.

a) Becenpomyckaromue GuiabTpHI.

0) KUX-bunetps! ¢ muHeitHo OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoit OUX.

r) KUX-bunbtpel ¢ CHUMMETPUYHOM W QHTUCUMMETPUYHOM  HUMITYJIBCHOM
XapaKTEPUCTUKOM.

13. HeoOxoaumo cunTe3upoBarh LudppoBoii KUX-QuinbTp BEepXHHX YacTOT, KOTOPBIH

YAOBJIETBOPSIET CICAYIOMNUM CIICIIH(UKAIIHSIM:
®, =0.18n, &, =0.22x, §,, =0.01, 3, =0.001.
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s pacdera KOXQPHUIMEHTOB UMITYJILCHON XapaKTEPUCTUKA BaM PEKOMEHAYIOT HCIIOJIb30BaTh
METOJT OKOH M OKOHHYIO (YHKIHUIO bBIdKMeHa, a 4YacCTOTHYIO XapaKTEPUCTUKY HJICATHHOTO
bunpTpa 3a1aTh B BUIE:

— jo®d
e/ ,

Hu(ejd))= (0|£0)c,
0, 0<|df<m.

Omnpenenure nopsaok ¢unstpa, ero tum (I, I1, II1, IV) 1 Bo3moxxHocTh cuaTe3a DBY (BO3MOXXHO
WA HEBO3MOXKHO) /ISl TMOJYYCHHOTO THWIIA, TPEAToJiarasi, 4T0 HCKYCCTBEHHOTO W3MEHEHUs
YETHOCTH MOPSAKA HE IPOUCXOIUIIO.

[opsinok ¢punbTpa =

Tun ¢punsTpa:

Bo3moxuocTs cunTeza ®BY:

14. Kakue u3 GuIbTPOB ¢ UMIYJIbCHBIMU XapaKTEPUCTHUKAMH, MPEICTaBICHHBIMU HIKE
uMerT, JauHedHyto @OUX? Bribeputre mpaBUIBHBIE OTBET (OTBETHI) W3 BapHAHTOB,
MMPEACTaBJICHHBIX HUKC.

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

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

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

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

15. KUX-punbtp ¢ nuneitHoit @YX 001a1aeT CleayOMUMA CBOMCTBAMH:
—h(n) — neiicTBUTENbHAs UMIYJbCHAs XapakTepuctuka, h(n)=0 npu n<0

uapu n>3;

5
- > (=)"h(n)=0;
n=0

— H(z)=0 B1ouxe z = 0.7¢/™/4;

s
- IH(ejm)dfo =4r.
—T
Omnpenenure tun (I, 11, 111, IV) aToro ¢punstpa.
Tun gunerpa:

3aganue 1J1s1 caMOCTOSITeIbHOM padoThl Ne 1
Huckpernoe npeodpazoBanue Dypoe. bricTpoe npeodbpazopanue Oypre

3amaHus 11 CAaMOCTOSITEIBHOM pabOThl MOTYT OBITH B3SITBI W3 TJaBbl Ne 4 KHUTH
Xpses B. B., Ilpuopos A. JI., BonoxoB B. A. OcHOBBl Teopuu Lemneil: cOOpHMK 3amad. —
Spocnasne: SApl'Y, 2008. Ilpemmaraembie s pemeHus HoMepa 3amad  Ne 2.36-2.45
pacnionoxkeHsl Ha cTp. 47—49. CamocTosTenbHass paboTa MOXKET OBITh JOMOJTHEHHON 3aadaMu
o Teme «bricTpoe npeodpazoBanue Oypre». ITH 3a/1a4u IEPEUNUCTIECHBI HIDKE.

1. IIpennosioxuM, 4YTO KOMNIEKCHOe YMHOJCeHue 3aHUMaeT | MKC, a TakXke TO, 4YTO
BpeMsi, 3arpaunBaeMoe Ha BbluucieHue JIID, onpenensercs TOIBKO YMHOXKEHUSMH,
HEOOXOUMBIMU IS €r0 pacyera.

a) CKOJIbKO BpEMEHHU B CeKyHIax 3aiiMeT Bbruncienue 1024-roueynoro A1 nanpsmyio,
TO €CTh 0€3 UCIOJIb30BAHUS aJITOPUTMOB ObICTpOro nmpeodpazoBanus Oypoe (BI1D)?
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0) CkonbkO BpeMeHHW B CeKyHAax 3aiimeT BbuucieHue 1024-royeunoro D c
ucnonb3oBanueM aiaroputma bI1® ¢ mpopexuBanueM o BpeMeHH (1o yacrore)?
B) [ToBTOpHTH MyHKTHI @) U 0) 1y1st cirydast 4096-Toueunoro JI1D.

2. PedeBoif curHaN MpPOAMCKPETHU3MPOBaHHBIN ¢ yacTtoToi 10 kI oOpabarkiBaeTcs B
pexuMe peanbHOro BpeMeHH. YacTh BBIYMCICHHUN 3aTpayMBaeTCsl Ha HaKoIIeHHe OJIOKOB,
cocrosimiux u3 1024 3HaueHuid pedeBOro curHaiga, U BeruucieHue 1024-touyeunoro AIID, u
1024-toueunoro OJII®. IIpeanonoxum, yTo BpeMsl, 3aTPaulBAEMOE HA BBIIOJIHEHHE OJHOIO
8eUieCMBEHH020 YMHOMCeHUs, cocTaBisieT | Mkc. Kakoe KOIM4YecTBO BpEMEHHM B CEKyHAAX
ocraercs Ha 00pabOTKy HaHHBIX, eciu cuutaTh, yto AP u OAIID yxe Bbruucnens? Ilpu
pELICHNH 3aa4i MPEeAnooxkuTh, uTo 1D BeunciageTcs ¢ ucnoyib3oBaHueM anroputma bIId
C IPOPEKUBAHUEM T10 BPEMEHH (I10 YACTOTE).

3ameuanue. [Ipu pemrenuu 3amauu 0OpaTUTh BHUMaHUE HA TO, YTO B OTIMYME OT 33aJa4l
Ne 1 mo ycnoButo 3amaHo BpeMsi Ha BBIUYMCIIEHHE OJHOTO BEIIECTBEHHOTO YMHOXKEHHS, a HE
KOMIUTEKCHOT0. OJHO KOMIUIEKCHOE YMHOMKEHHE COCTOMT U3 YEThIPEX BEIIECTBEHHBIX
YMHOKEHUN M TpEX BELIECTBEHHBIX CJIOXEHUI. BpeMeHeM Ha BBINOJIHEHHE KOMIUIEKCHBIX
CIIOKEHHH MPH pelIeHUH 3a]1auu MpeHeOpeyb.

3. JluckpeTnsanusi CUTHalIa HEIMPEPBIBHOIO BPEMEHH X, (f) MO3BOJAET 3a 1 cekyHay

CrE€HEepUPOBATh MOCIIeN0BATENBHOCTh U3 4096 0TCUETOB.
a) KakoBa BepxHss 4acToTa CHrHana x,(f), €CIM IPEANOJOXKHTh TO, YTO OH OBLI

IPOJAUCKPETU3UPOBAH 0€3 HAN0XKEHUS CIIEKTPOB?

0) [Iycte 4096-toueunoe [I1® Berumcieno. Yemy paBeH YacTOTHBIA WHTEpBad (Imar
CEeTKH 4acToT) B repuax Mexuay kospouuentamu 11D.

B) [Ipeamnomnoxxum, 4To MbI 3auHTEepecoBanbl B kKodddurmentax 1D, cooTBeTCTBYIOMNX
yacToTHOMY auamnazoHy 200< f <300 I'um. Kakoe KOIMYECTBO KOMMIEKCHLIX YMHONCEHUl

notpedyercss A7 BBIYUCICHHUS OSTUX KOI((UIMEHTOB HANPSAMYI0 M C UCIHOJIb30BaHUEM
anroput™a BI1® ¢ npopexxrBanuem 1o BpeMeHH (1o yactote)?

r) [Ipy kakoM KoJW4ecTBE BBIYHCIIEMBIX KoddduimentoB M amnroputm bBIID c¢
popeXUBaHUEM MO BpeMeHH (1o vactore) Oyzaer s dextuBHee npsimoro Berunciaenus JI1O?
Onpenenutb M 1715 ciydasi OCIeA0BaTENbHOCTh U3 4096 0TCUEeTOB.

4. Hexkoropele u3 %N log, N ymuHoxenuil B anropurme BbII® ¢ mpopexuBanuem 1o

BpeMeHH (10 YacTOTE) MPEICTaBISAIOT yMHOXeHHss Ha =+1. Anroputm bBII® Bo3MOXHO
peamu3oBath Ooniee APGEKTUBHO MyTEM HAMUCAaHUA TNPOTPAMMBI, KOTOpas CIEHUAIBHO
UCKJTIOYAeT 3TH YMHOXKEHUS.

a) Kakoe xomm4ecTBO yMHOXKEHHUH MOHAZOOUTCS NpU BbIUUCIEHUH 8-ToueyHoro JI1D
¢ ucnosib3oBanueM ainroputma bII® ¢ mnpopexuBanueMm 1o BpeMeHH (IO YacToTe), €Clu
YMHOXXEHUS Ha + 1 OyIyT UCKIIIOUECHBI.

0) Pemmuth myHKT a) u1st ciy4dast 16-troueunoro JII1D.

5. lana mocnenoBaTenbHOCTh x(71), cocTosmas u3 8§ orcueroB. Onucarh BBIYMCICHUE

JIID 3Toi mocaenoBaTebHOCTH ¢ HCHONb30BaHUMEM anroputMma bIID ¢ mpopexuBanuem 1o
yactore. HapucoBats HanpaBnennslil rpad anroputma bII® mis paccmarpuaemoro cirydasi.

3ananue 1J151 CAaMOCTOATEIbHOI padoThl Ne 2
CrenanbHble TUTTBL TUPPOBBIX (PUIHTPOB

3amaHust A7 CaMOCTOSITENbHOW paboThl MOTYT OBITh B3STHI M3 TJaBbl Ne 4 KHUTH
Xpsmies B. B., Tlpuopos A. JI., Bonoxos B. A. OcHOBBI Teopuw Iiemneil: COOpPHHUK 3amad. —
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Spocnasnas: Apl'Y, 2008. Ilpemmaraembie s pemieHuss Homepa 3agad  Ne 4.1-4.21
pacnosoxeHsl Ha cTp. 95-101.

3anaHue 1J151 CAMOCTOATE/ILHOI pa6oThl Ne 3
Cunrte3 KUX-punsTpos

1. CunrtesupoBath MeTooM OKOH KUX-hunbTp HUXKHUX 4YacTOT ¢ JuHeiHon DUX,
YIOBJICTBOPSIONIUH CIECAYIOMUM CHEITIH(PUKAITUSIM:
0.99 < ‘H(ejm)‘ <1.01,0<

® <0.197,

H(e™)] <001, 021m <o} < 7.

2. Cunte3upoBatb MeTo oM okoH KUX-punbTp ¢ nuneiinoit ®UX nopsinka N = 24, s
anMpOKCHUMAIIMN YaCTOTHOM XapaKTepucTHKU GuiabTpa ¢ AUX, npuBeIeHHON HIDKE:
1, |&|<0.2m,

0, 0.2 <|&y

()

<T.

3. Ucnonw3ys meto okoH cuHTe3upoBaTh KUX-GunbTp BEpXHUX 4aCTOT MHHUMAIBLHOTO
Hopsiika C TpaHWYHOM uacToTOM B mojoce 3axepxkuBaHus (I13) @, =0.22n, rpaHuMuHON

qacToToii B mostoce npomyckanus (I1IT) @, = 0.287, n orknonennn AUX ot 0 B I13 &, = 0.003.

4. CunresupoBath MeTosoM OKOH KUX-bunbrp HmwKHUX bacToT ¢ juHEHHOM DUX,
YIOBJICTBOPSIONIUH CIECAYIOMIUM CHEIIH(PUKAITUSIM:
0.99 < ‘H(ejm)‘ <101, 0<

® <0.3m,

H(e™) <001, 035m<[a|< 7.

5. Beruncnute napamerpsl okHa Kaiizepa 3 u N nns cunteza @HY ¢ yacroToii cpesa
®, =n/4, orknonernem AUX or 0 B I13 &, =0.01 u mWHUPHHONH NEPEXOXHOM IIOIOCHI

Ad=0.027.

6. Beruncaute mapamerps! okHa Kaiizepa B u N s cunte3a @HY ¢ wactoToi cpesa
®, =m/2, orkinoneHnem AUX ot 0 B [13 &, = 0.002 u HPHHOHN EPEXOTHON MOIOCH AQ® He

npesbimatoment 0.17w.

7. PaccMoTpuM 10710COBOM (pUiIbTp, OOdagaromuii crienupHUKaUsIMA TPUBEICHHBIMU
HIDKE!

H(e™| <001, 0<[af<02m,

®<0.7m,

0.95 < ‘H(ejd))‘ <1.05, 0.3 <

H(e™)<0.02, 087 <[d|< .

a) CunresupoBarb MeTomoM OKOH KUX-punstp ¢ nunediHo @DUYX 1o 3agaHHBIM
CHGL[I/I(l)I/IKaI_[I/IHM ¢ UCIIOJb30BaHueM okHa binkMeHa.
0) CunresupoBatb MetogoM okoH KHX-bunetp ¢ nuueitHo @YX mo 3amaHHBIM
cnenuduKanusIM ¢ UCTIONIb30BaHUEM OkHa Kaifzepa.
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8. PaccMoTpuM pexeKTOpHBIN (QUiIbTp, obiafaronmii cennGuKausaMi MpUBEICHHBIMU
HIDKE!

0.95 < H(ef'f‘))‘ <1.05, 0<|o

<0.2m,

®

‘H(efd’)‘ <0.005, 0.227 < |& < 0.757,

0.95 <[ (e/) <105, 0.87 <[ <7

CunTte3upoBatb MeTozioM 0koH KU X-¢punstp ¢ nuneitnoit @YX no 3agaHHbIM crienupUKausam.

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

A

‘H(ej(b)‘ <0.0050, 0 <@ <0.1x,

0.995 < ‘H(ej&))‘ <1.0050, 0.257 <[] <0.67,

H(e/) <0.0025, 087 <[af<r.

10. CunTe3upoBaTh MeTOAOM OKOH MHOTOmosiocHbI KUX-punbstp ¢ nuneitHon OUX,
YIOBJICTBOPSIONIUH CICAYIOMUM CHEIIH(PUKAITUSIM:

0.99 < H(ejd))‘ <1.01, 0<[@ < 0.3,

H(e/®)[ <001, 0.35m <[ < 0.5,

0.49 <|H(e/™) 051, 0.6n <|af < 7.

11. Kakyio okoHHy0 (yHKIUIO (QYHKIMH) MOXKHO HCIONIb30BaTh sl cuHTe3a KUX-
(GunapTpa HMKHUX YAcTOT ¢ IpaHM4YHOM wactoTtod B IIIl ®, =0.357, mmpuHOH mepexomHON

nosocbl A® = 0.0251 n MakcumansHbIM oTKI0HeHHeM AUX ot 0 B I13 &, = 0.003.

12. Ucnons3yst Meron OkoH  cuHTe3upoBarb KUX-QunbTp HIWKHHX  4acTOT
MHHUMAJIBHOTO TIOpsiika ¢ rpanndHoi yactoroi B [1I1 @, = 0.457, rpannunoii yacroroit B [13

®, =0.51 1 MakcumanpHbIM oTKIOHeHHeM AUX ot 0 B I13 &, = 0.005.

13. CunresupoBath MetogoM okoH KHX-punbrp HmXHHMX yacToT ¢ suHeiHONH PUX
nopsinka N =128, rpanuunoil wacrotoit B IIIl ®, =0.487w, rpanumuHoii wacroroi B II3

®, =0.52n, ucnomp3ys AT ANIPOKCHMAIMU YacTOTHOH XapaKTEepUCTUKH (UIbTpa OKHO
Kaiizepa.

14. HeoOxoguMo  mpou3BecTH  (QUIBTPALUMIO  AHAJIOrOBOrO  CUTHaNA  x,(f)

f. =2 xl'n, mmpuHOM mnepexonHoW mosockl Af =500
o, =50 nb. PaccMaTpuBaeMmblii aHAJIOrOBBIA (UIBTP pEAIU30BaH B

nudpoBoM BHE, KOTOPBIM TpencraBieH Ha puc. 1. CuHTEe3upoBaTh IUppoBON GHILTp ¢
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4acTOTHOM Xxapaktepuctukoi H(e’/®), Heobxomumblil mis peammsanuu ananorosoro ®HY c
yKa3aHHBIMU BbIIIE cnenuuKanuaMu. YacToTy qUCKpeTU3auuu f, monoxuTh paBHor 10 kI'm.

L L

X (t) x(n) I ) Ya(®)
—» ALl [ HE®) [ LA >

Puc. 1. CtpykrypHas cxema k 3agaue 14

3agaHue 1J1s1 CAMOCTOAITEIbHOM padoThI Ne 4
Cunre3 bBUX-punbpTpoB

1. HaliTu MUHHUMaNbHBIA MOPSAIOK M YACTOTy Cpe3a MO YPOBHIO 1/ V2 or MaKCUMyMa

aMIUTUTYJHO-4aCTOTHOM  Xapaktepuctuku (AYUX) awnamoroBoro ¢unstpa baTtrepBopTa,
YZIOBJIETBOPSIOLIETO CIEAYIOLUIUM CHEUpUKALHAAM:

|H,(jQ)| =095, Q=16m,
|H,(jQ)|<0.1, Q=24n.

2. Ucnionb3ys OuWIMHEWHOE z-peoOpa3oBaHME CHHTE3MPOBATH IM(PPOBOH  (QHIBTP
HwkHuX dactoT (PHY) bBarrepBopra mepBoro mnopsiika, KOTOPBIA HMMEET 4YacTOTy cCpe3a

®, =0.57 [paxn] mo ypoBHIO 1/ V2 or Makcumyma AUX.

3. Ucnionw3ys OunmHElHOEe Zz-peoOpa3oBaHUE CHUHTE3UPOBATH HHUQPPOBON IMOIOCOBOI
¢unsTp (I1P) BarrepBopTa Broporo nopsuka, KOTOpbIii HIMEET 4acTOTy cpe3a ., = 0.41 [pan]

u ®., =0.61 [pan] mo ypoBHIO 1/ V2 or MakcuMyma AUX.

4. Nana nepenatouynas GyHKIus uudpoBoro Gpuibrpa:

H(z)= 2 -~ ! -
1-0.5z 1-0.25z

Ecnu monoxwuth, 4TO paccMaTpuBaeMasi BbIIIE MepeAaTouHas (QYHKUUS HUPPOBOTO
bunpTpa TMOJyYeHa C HCIOJIB30BAHMEM METOJa OWJIMHEHHOTO Z-IpeoOpa3oBaHus, HaWTH
aHaJIOTOBBIN (PUIBTP-MPOTOTHUII, KOTOPBIA OBUT UCTIONB30BaH /IS €€ CUHTE3a.

5. Jloka3aTh, 4yTO OMJIMHEHHOE Z-TIpeoOpa3zoBaHue OTOOpaXaeT och jC) p -IUIOCKOCTH B

AMHUYHYIO OKPYXHOCTh |Z|:1 Z -IJIOCKOCTH, a JIEBYIO p -NIOIYIUIOCKOCTh Re(p) <0 p-

IUIOCKOCTH BO BHYTPb €AMHUYHOMN OKPY>KHOCTH |z| <1 z-niockocTH.

6. Ucnionwp3yss OwIMHEWHOE Zz-TipeoOpa3oBaHUE, CHHTE3UPOBATh IUGPOBOM (HHUIBTP
BepxHHX YacToT YeOpiméBa tuna I, crienudukanyy Ha KOTOPBIA MPUBEACHBI HUXKE:

0<|H (™| <0.1, 0|3 <0.1m,

0.9.<|H(e/)| <10, 035 <[a]<x.
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7. HeobXoquMo C HMCHOJIb30BaHWEM OWJIMHEHHOTO Z-TIpeoOpa3oBaHUs CHHTE3WPOBATh
mudposoit @HY, y10BIeTBOPSIIOMNI CIEAYIOMINM CIIeUUDUKALTUSAM:
®, =0.375n [paxn], ®; =0.5x [pang], 5, =0.01, &, =0.01.
Onpenenuth MOPSIOK aHAIOTOBBIX (UIBTPOB-NPOTOTHIIOB baTtTepBopra, UeOnimesa tumna | u
tuna II, 3omorapesa-Kayspa, koTopble MOTYT OBITH MCIOJIB30BaHBI JJIsl CHHTE3a (WIBTpPa IO
3aJJaHHBIM CIIeIU(UKALIASAM.

8. Tpebyercs paspaborare mudpoBori ®HY barrepBopra Ha OCHOBE NEpeNaTOYHOM
(yHKIHU aHAJIOrOBOro (pUIBTPA-NPOTOTHNIA:

H,(p)= :

p2 ++2 p+1 '

Ucnonw3yss OwnmHeliHOe z-mipeoOpa3oBaHME, TMOJYYUTh MepeaaTouHyo (yHKIIHIO
nudposoro ¢uaeTpa ¢ yactoroi cpesa f,. =150 [I'u] mo ypoBHIo 1/ V2 or Makcumyma AUX un
4acTOTOM JUCKpeTusanuu f, =1.28 [kl'n].

9. Tpebyercs paspaborats 1udpoBoii ®BYU barrepBopra Ha OCHOBE MEpeAaTOYHOMN
(yHKIHU aHAJIOrOBOro (pUIBTPA-NPOTOTUNIA:
H,(p)= ; .
p+1
Hcnons3yst oununeliHoe z-npeoOpa3oBaHUE, MOJIYYHTh MEpPeNaTOYHYI0 (YHKIHUIO HHU(POBOTO
¢unbTpa ¢ yacroroit cpesa f,. =30 [['n] mo ypoBHIO l/ V2 or MakcuMyma AYX u gacroToit

auckperusauuu f, =150 [I'n].

10. Pa3paboTarp, wucmons3ys OwinHeiHOe z-mpeoOpaszoBanue, mupposoit [1D
battepBopTa, YIOBIETBOPSIONINHA CIEAYIOINM CHIEIUPUKALNAM:

nosioca npomnyckanus: 200-300 [I'x],

yacToTa quckpetusanuu: 2 [kl'],

nopsiioK GpuiIbTpa: 2.

3anaHue 1J151 CAMOCTOAITEJIbHOM padoThl Ne 5
WNuTtepnonsus, neuuManus 1 0aHKu GUIbTPOB

1. /lanbl 1Be mocneaoBaTeNbHOCTH x(n) U y(n), UMEIOIINE CIAEAYIOIIMI BUA:

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

Kak cBsi3anb1 Mmexxny co0oit ux z-npeodpazoBaHusi?

2. JlaHbl 1BE mOCaEA0BATENBHOCTH X(n) U y(n), UMEIOIINE CASAYIOIIHI BUA:

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

Kak cBsi3anb1 Mmexny co0oit ux z-npeodpazoBaHusi?

3. [locnenoBarenbHOCTE  x(n)
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curHana, Ho ¢ 4vactorod 12 xI'm. ITocTpouTh M OnpenenuTh OCHOBHBIE MapaMETPbl CUCTEMBI,
KOTOpasi MO3BOJINT MU3MEHUTh YAaCTOTy AMCKpETH3aluu nocienosarenbHoctd x(n) ¢ 10 kI'n Ha

12 k[

4. 3Byko3anuch, 3anucaHHas Ha IudpoByro ayauoieHty (DAT), obGnamaer dacTtoToit
muckperu3aruu 48 kl'11, a 3ByK03anuch, 3anucannas Ha komnakT auck (CD), obnamaer 4acToToi
nuckpermzanuu  44.1 x['u. IloctpouTs cucteMy ©  ONPEACIHTh €€ mapamerpbl i
npeoOpa3oBaHus 3BYKO3AIMKUCH C YacTOTol Auckperusanuu 44.1 k'l B 3ByKO3aNmUCh ¢ 9aCTOTOU
nuckperrsanuu 48 kI .

5 lana HekoTopas MOCIEAOBATEIbHOCTh x(7), TOJIY4YEHHas IyTE€M JAUCKPETU3ALUN
AQHAJIOTOBOTO Y3KOIOJIOCHOrO cHurHaja. CIEKTp MOCIeNoBaTeabHOCTH x(n) YIOBIETBOPSET
CIIETYIOIIEMY BBIPAKEHUIO:

X(e/®)=0, 0.1n<|o|<m.
HaHna nocnenoBarenbHOCTh y(n) = x(nN), rae N — nenoe uucio. Haiftu HauGonbiiee

3HaueHue N, g KOTOPOro TMOCIENOBATeNbHOCTh x(7) MOXET OBbITh OJHO3HAYHO
BOCCTaHOBJICHHOM I10 IIOCJIEIOBATEIBHOCTH (7).

6. OnpenenuTh SBISIOTCS JM YCTPONCTBA TIOBBIIICHUS W TOHWKCHHS YacTOTHI
JICKPETU3AIIH:

a) TMHEWHBIMU CUCTEMAaMU;

0) UHBapUAHTHBIMU K CIBUTY CUCTEMaMHU.

Y CTHBINM OnMpoc MPOBOAUTCS MO BOIPOCAM K 3aUETY.
1.2. Cucoxk BONPOCOB U (MJIH) 32aHUI IS IPOBeIeHUsI IPOMEKYTOUHON aTTecTaunuu
Cnucok BOIPOCOB K 3a4eTy:

Yro Takoe curnan?

®dyHaMeHTaIbHbIE KOHLEIINY B IIUPPOBOH 00pabOTKE CUTHAJIOB.

Xpanenue, o0paboTKa 1 nepegavya U POBBIX CUTHAIIOB.

[lepenaua curuanaoB yepe3 TpaHCATIAHTUYECKUN Kabenb Mexay EBporoit 1 AMepuKoii.

CurHanel TUCKPETHOTO BPEMEHH M MX mpumepbl. CUTHaIbl KOHEYHOW W OECKOHEYHO

JUIMHBI, IEPUOINYECKUE U HENEPUOANUECKUE CUTHATIBL.

DneMeHTapHbIe OMNEepaTopbl, UCHOJb3yeMble INpPU 00paOOTKE CHUTHAIOB TUCKPETHOIO

BpPEMEHH.

DHEprusi ¥ MOITHOCT.

Paznanma mexay «uudpoBoii» U «aHAIOTOBOI» YaCTOTaMH.

Bocnpounssenenne 3Byka Ha NepCOHAIIBHOM KOMIIBIOTEPE.

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

11. Ilpumepsl cxeM, IMOCTPOCHHBIX U3 0J0KOB H(POBOIT 00paObOTKH CUTHAJIOB.

12. Anroputm Kaprnmyca—Ctpomnra.

13. Yro Takoe criektp?

14. Ocuunnauuu B Npupoze.

15. BocnpusiTie OKpy»aroIiero NpocTpaHCTBa YEIOBEYECKUM YXOM U TJ1a30M.

16. PaznokeHue curasiga mo rapMOHHUYECKUM KOMITOHEHTaM.

17. IlocnenoBaTebHOCTH KOHEYHOH JUTMHBI, AUCKpETHOE Npeodpa3zoBanne Dypbe.

18. PazMeTka 4acTOTHOM OCH.

19. CuHTE3 CUTHAJIOB M T€HEPATOP CUHYCOUIBI.

DAl

o

=
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20.

21.

22.
23.

24.

25.
26.
27.
28.
29.

30.

31

33.
34.
35.

36.
37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

BpoxnenHas mepuoandHOCTh JUCKPETHOTO IpeoOpazoBanus Dypbe, TUCKPETHBIA Psif
Dypse.

[TocnenoBarenbHOCTH OECKOHEYHOU UTMHBI (HEMepruoandeckue), mpeodpazoBanne Oypne
JMCKPETHOT'O BPeMEHH.

O6mras uaest ObicTporo npeodpazoBanust Dypee.

Anroput™m ObicTporo mpeoOpa3oBanusi Dypbe ¢ OCHOBAHHEM 2 C MPOPEKUBAHHEM
10 BpEMEHH.

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

OOm1ast naest OKOHHOTO MpeodpazoBanus Dypbe.

Bompockl, Bo3HHKaomMe Mpy UCIOJIb30BaHUH OKOHHOTO IIpeoOpazoBanusi Oypobe.
CrnexTporpamma u ee pa3mMeTka.

Hcnons3oBanre OKOHHBIX (PYHKITUN pa3HOMN JJIUHEI.

JlekorpoBaHue ABYXTOHAJIBHOIO MHOTOYACTOTHOTO CHUTHajla, O0aHK (MIBTPOB, CHHTE3
MOJIOCOBBIX (DUIIBTPOB C HCIIOIB30BAaHHUEM METO/1a Pa3MEIICHUs HyJIel U MOJII0COB.
OOu1re moIoXKeHHsI, MAaTEMaTHYECKHI anmapar, kiaccuukanuu udpoBbIX GUIBTPOB.

. BUX- u KUX-puabTpsl (I0CTOMHCTBA U HEJIOCTATKH ).
32.

Ceeptka (mepuoauueckass U JMHEHHas, cBoWcTBa cBepTkH). [lepemarounas ¢yHKuus,
AUX, ®UX, uMnynbCcHasi XapaKTepUCTHKA, IEPEXO0HAS XapaKTEPUCTHUKA.

Onpenenenre UPPOBOro GUILTPa B IUPOKOM U Y3KOM CMBICIIE.

Crioco0s1 peanmm3anuu u(poBbIX GHIBTPOB.

[Tporiecc mpoexTupoBanus HUPPOBBIX (GuiabTpoB. CrocoObl 3amaHus TpeOOBaHMN
K AUGPOBBIM (DHITBTPaM.

I'pynmoBast 3anepxka, pa3oBas 3aaepiKKa.

KUX-bunstps c JIMHEHOMN OYX (Toka3aTenbCTBO CHUMMETPUYHOCTH
¥ AaHTUCUMMETPUYHOCTH HUMIYJIbCHOM xapaktepucTuku Juig ciydas KUX-dunstpos
c muHeitHo DUX, ¢unpTpel THHA 1, THMna2, Tuna3, Tuma4, WX JOCTOMHCTBA
U HEJJOCTaTKH, pacnonioxkenune Hyneit KUX-punbTpoB ¢ nuHelHOM (azoil).
Bcenponyckaromiye GuiabTphl, ©X CBOWCTBA U PUMEHEHHE.

MunHuManbHO-(pa30Bble U MaKCUMalbHO-(a30oBble cHcTeMbl. CucTeMBl € 00paTHOU
CBSI3BIO.

TpeboBanus, npeabsBiIsgeMble IPU CUHTE3€ YaCTOTHO-u30uparenbHbix KUX-punstpon
(®PHY, ®BY, 1D, POD).

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

Cunte3 KUX-punstpoB MeTooM okoH (00mias GpopMynHpoBKa, ONpelesieHHe OKHa,
STarbl CUHTE3a, siBJieHne ['nbOca, oOmme CBOMCTBA M XapaKTEPUCTUKU OKOH, MPUMEPHI
OKOHHBIX (PYHKLHMH, TOCTOMHCTBA M HeIOCTaTKU Merona). OntumansHoe okHO Kaiizepa
(CyTh ONTUMAJILHOCTH, TTAPAMETPHI, OTIPEICTISIOIINE OKHO).

[TocTtaHoBKa 3amauM ONTHMAJIbHOTO CHHTe3a. Mepa Onmzoctu. YeOblméBckas mepa
6muzoctu. CpenHekBaapatudeckas Mepa 0in30cTH. OCHOBHBIE 3Tallbl ONTHMAJIBHOTO
CHHTE3a U(PPOBBIX (PUIBTPOB.

Cunre3 KUX-dpunetpoB w™eromom Ilapkca-Makkiemrana (oOmas  ¢GopMynupoBka
METO/a, TeOpeMa 4Yepe0BaHusl, aJrOpUTM 3aMeHbl Pemesa, TOCTOMHCTBA M HEJOCTaTKH
anroputma [lapkca-MaxkkiennaHa).

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

CrniocoOb1 3aanus crierduranuii anst cuateza BUX-hpunsTpos.

AHanorosbsle (pUIBTPBI IPOTOTHUIIBI.

@unbTp barrepBopra (kBagpatr AUX, nepenarouHas GyHKIMS, HYJIU U MOJIIOCA, 4YaCTOTA
cpes3a U ee HaxOoXAeHHUe depe3 crenudukanuu GuibTpa, dTarbl CHHTe3a GUILTPa, BHIBO
(dbopMyIIbl Ha BEIYUCICHHE TTOpsAKa (pUIbTpa).
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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.

77.
78.

Ounbtpel UebpméBa tuma 1 u tuma 2 (monmHOMBl UeObIEBa 1 UX CBOMCTBA, KBaJpaT
AUX, nepenarounas (GyHKIHS, HYJIU U MOJIIOCA, YaCTOTA Cpe3a, dTalbl CHHTE3a (PUITBTPA,
BBIBOJ ()OPMYJIBI HAa BEIYUCIICHHE TIOPsaKa (PrutbTpa).

Onnuntuyeckuit Guiabtp uan Gunbtp 3onmorapeBa-Kayspa (3mumnrtudeckue (QyHKIUU
Skobu m mx cBoicTBa, KBagpaT AUX, cyTh onTtuManbHOCTH (GUIbTpa, GopMmyrna it
BBIUMCIICHHUS TTOPsIIKA PUIBTPA).

Cunre3 BUX-hunbTpoB Ha OCHOBE aHAJIOTOBBIX (GMIBTPOB mpoTOTHNOB. CBOWCTBa
oToOpaXkeHUsI, MPeoOPa30BBIBAIOIIECTO AHATIOTOBBIM (QUIbTp B 1HppoBoiil. /[Ba crocoOsI
nepexoaa ot anajgoroBoro ®HY k xkenmaemoMy 1udpoBOMy, YaCTOTHO-U30HUPATEITHHOMY
¢mwieTpy: ®HY, ®BY, [1D, PO.

Meron WHBapMAaHTHOTO MPEOoOpa3OBaHUS HMMIYJIbCHOW XapaKTEpUCTHKU  (0oOImas
(bopMyIHpOBKa).

bununeitHoe z-nmpeoOpazoBanue (00mas GopmMyaupoBKa, rpaduueckas HHTEPIPETAIUs,
KOH(OPMHOE OTOOpaKEHUE, CBONCTBA, COOTHOIICHHWE MEXKIY YaCTOTHBIMHU IIKaJaMU
aHAJIOroBOro u I1M(poBoro (GUIbTPOB, JAOCTOMHCTBA W HEIOCTATKU METOJ]a, ATallbl
CHHTE3a U(PPOBOro (GUIbTPa HA OCHOBE JAHHOTO METOAA).

Cunre3 BUX-dpunbtpoB B mudpoBoii obmacti. Metoa pa3sMenieHus: HyJeld U MOJI0COB
(oOmast ¢opMyIHpOBKA, JOCTOMHCTBA M HEJOCTaTKH, NPUMEp CHUHTE3a IU(PPOBOrO
buIBTpa HA OCHOBE JAHHOTO METO/1A).

MeTobl U3MEHEHUS YaCTOTHI AUCKPETU3ALINH.

[erm nmenuManmuu C  [EJIOYHMCICHHBIM  Kod(ddurmentom M. IlpoextupoBaHue
U peanu3anus AeumMaropa.

lerrn wHTEpHogAIMH C MEJOYUCICHHBIM KodpdummenTom L. IlpoektupoBanue u
peanu3alys HHTePIOoJIsATOpa.

[ern mpeoOpa3oBaHus YaCTOTHI ¢ palMOHATBHBIM K03 duninentom L/M.
MHOTrOCKOPOCTHBIE TOXK/IECTBA.

banku punbeTpoB. PaBHOMepHBIH 0aHK GuiabTpoB. L-monocHbit KUX-punptp.
JIByxkaHambHBIH OaHK (UIBTPOB (CTPYKTYpHas CXeMa, BBIBOJ YCJIOBHS TOYHOTO
BOCCTAHOBJICHUS).

OcHoBHBIE TPOOIEMBI TPAKTHYECKOTO UCTIOIB30BaHuUs peodpazoBanust Dyphe.
Omnpenenenue BeiBnera. [loctpoenue BeiiBieT-0a3uca.

HenpepsiBHOE BeiiBneT-peodpa3zoBaHue.

JlnagHoe BewBiIeT-MpeoOpa3oBaHueE.

OcHOBHbBIE IPU3HAKU BEHBIIETA.

OcCHOBHBIE CBOICTBA BEUBJIET-aHAIN3A.

JIMCcKpeTHOE BEUBIET-IPeoOpa3oBaHuE U €ro CBsI3b C KPAaTHOMACIITAOHBIM aHAJIH30M.
Macmrabupytromas pynkius. Beiner-pyHkiusi.

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

Wneonorust mocTpoeHHs aaroputMa (QUIbTpAllMM Ha OCHOBE BEHUBIIET-IPeoOpa3zoBaHUs
(OCHOBHBIE Tarbl U TApaMETPHI).

AnanTuBHBIA QUIBTP.

OcCHOBHbBIE KOMIIOHEHTBI, BXOJISIINE B COCTAB aJalTUBHOTO (PHUIIbTpA.

AJTropuTM OBICTpEHIIIEro CIIycKa.

AnanTUBHBIA aJIrOPUTM HAWMEHBIIMX KBAJApPaTOB U €ro cxoauMocTh. [loBepXHOCTH
IPOM3BOIUTENEHOCTH.

[Ipumepsl TpUIOKEHWH aJanTUBHONW O00paOOTKM CHUTHAJIOB (3agada CHUCTEMHOM
UJCHTUQUKAIMY, 3a7ada TOAABICHHUS Y3KOIOJIOCHOW MOMEXH B HIMPOKOIOJIOCHOM
CUTHaJe, 3aJaya MOJAaBJIEHUS IIMPOKOMOJIOCHOM MOMEXH Ha OCHOBE aJalTUBHOTO
CaMOHaCTpauBaOLIErocs GpuiabTpa).

O06paboTka n3o0pakeHui. YIIyqIlIeHHe U BOCCTAHOBJICHUE N300PaKCHUM.

[Mudposoe nzodpakeHne Kak QyHKIHSL.
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79. [louemy n3o0pakeHUE MOKET MOTYUUTHCS II0XO0?

80. ToHOBOE pacmpezieNieHHe U TpalalliOHHbIC PEOOPa3OBaAHMSL.
81. OdunpTpanus N300paKeHUH.
82. Bupl n1yMoB.

83. Macka u Beca. Kpocc-koppensius (B3auMHasi KOPpEAIUs) U CBEpPTKa B JIBYMEPHOM

ciIyvae.

84. Henuneiinas

¢dunpTpamus  (MeIUaHHBIN

HEJIOKaIbHBIE CPEHUE).
85. [leranu peanuzanuu Kpocc-KOPPEALMU U CBEPTKHU JJIs1 IBYMEPHOTO CITydas.

86. [IpeobpazoBanue Dypbe 1Ist IBYMEPHOTO CITydasl.

bunsTp,

87. bazucHble pyHKIIMH TpeoOpazoBanus Oypwe Il IBYMEPHOTO CiTydasi.
88. JluckpeTrHoe mpeodpazoBanue Oypre u ero odpalieHue At JBYMEPHOTO Cayvasl.
89. NudopmaTuBHOCTH (ha3bl U aMILTATYABI.
90. Teopema o cBepTKe U pUIBTpALMS B YACTOTHOW OOJIACTH IS IBYMEPHOTO CIydasl.

Kpurtepun onieHuBaHNs 0TBETOB HA BONPOCHI OUIeTa

OunarepanbHas

bunpTparms,

. Boicoxkuit
. IIpoaBuHYyTBII
. Iloporoselii ypoBeHb YPOBeHb
Kpurepuii YPOBEHb
(Ha «YI10BJIETBOPHUTEIbHOY) (Ha
(Ha «xopo1I0»)
«OTJIHYHOY)
CooTtBeTcTBHE Xots Obl yacTHYHOE (HE [Tonnoe [Tonnoe
OTBETA OTHOCSIIIIEECS K BOIIPOCY HE
BOIIPOCY MIOJUIEKUT IIPOBEPKE)
Hannuue Nwmerorca OTHENILHBIE MHuoro Ectn
NMpUMEpPOB pUMEpPbI MIPUMEPOB MPaKTUYECKH KO
BCEM
YTBEPKJICHUSIM
Conepxanue [lonsTuitele Bonpocsl U3nokeHbl ¢ | OTBer moutu noi- | McuepnsiBaro-
OTBETA KiaccuukanusaMu, TpoOJIEMHBIE C | HBIW, 0€3 OMMOOK, | I MOTHBINA
MOCTaHOBKOM pOoOIEMBI U | HE XBaTaeT OT/AENb- | OTBET
U3JIO)KEHHEM  Pa3JIMYHBIX  TOYEK | HBIX JJIEMEHTOB U
3peHus. VMmeroTcss oOmmOKH WM | TOHKOCTEH
poOeThlI.

2. Onucanne Npoueaypsl BHICTABJICHUS] OLCHKH

I/I3yquI/Ie JUCHHUIIJIMHBI 3aKaAaHYUBACTCs 3a4€TOM. I[JIH IIOATIOTOBKH OTBE€TA Ha BOHpOC
ouera oTBOAUTCS HE MeHee 40 MUHYT.
OI.[GHKa «3a4TCHO» BBICTABJIACTCA, €CJIM OTBCT Ha BOHpOC 61/IJI€Ta JaH HC HMXXC, 4YCM Ha
MTOPOTOBOM YpPOBHE.
OI.[GHKa «HE€ 3a4TCHO» BBICTABJIACTCA, €CJIM OTBCT Ha BOHpOC 6I/IJIeTa JaH HHXKEC, YCEM Ha
MTOPOTOBOM YpPOBHE.
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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.



