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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 C 6a30BBIMH BOMPOCaMU 00paOOTKHU ITU(POBBIX N300paKCHHUIA;

— 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  00y4eHMs 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 MUGPOBBIX 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 CHCTEM 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
0ase  BeHBieT-peoOpa3oBaHUs W TEOPUH
aIalITHBHOM (DWIILTPAIHH.

cUrHana
cpeacTBaMu




BaageTh HABLIKAMM:

CHUTHAJIOB.

MOCTPOCHHS, aHATM3a H KOMITBIOTEPHOTO
MOJICJINPOBAHUS CHCTEM HUPPOBOIT 06paboTKH

4. O0beM, CTPYKTYpPA U COAEpPKAHUE TUCUUNIMHBI

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

3aounas popma o0OyueHust

Ne Tembl (pa3aebl) Buabl y4eOHbIX 3aHATHIA, DopMBbI TEKYLIETO
n/m AUCIHUTLIHHBI, o BKJIIOYAS CAMOCTOATETbHYIO KOHTPOJISI
HX cojiep:KaHue 5 padoTy CTyAeHTOB, ycneBaeMocTH
S U UX TPYAOEMKOCTH ®opma
3 (B akaleMIYeCKHX 4acax) NMPOMEKYTOYHOM
aTTecTalul
(no cemecmpam)
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1 |BBenenue B kypc «OCHOBBI 3105 2 |TectupoBaHnue
QpoBoii 06padoTKu
CUTHAJIOBY»

2 |duckpeTtHOE 3105 9 |TectmpoBanue, 3amaHue
npeoOpazoBanue Dypne. JUISL CAMOCTOSITEILHOM
BbricTpoe mpeobpazoBanue paboThI
Dypre

3 |OkoHHOE TpeoOpa3zoBaHue 3105 9 |TectupoBanue
dPypre

4 |BBenenwue B MU POBLIE 3105 9 |TectupoBanue
OUIBTPBI

5 |CoenuanbHbIE THUIIBI 3 0,5 9 |TectupoBaHnue, 3a1aHue
U POBBIX (GHUITBTPOB JUTSL CAMOCTOSITEIIEHOM

paboTHI

6 |Cunre3 KUX-¢punprpos 3 1 1 1 9 |3amanue

JUTSL CAMOCTOSITEIIEHOM
paboTsl

7 |Cunre3 BUX-¢punprpos 3 1 1 1 9 |3amanue

JUIS1 CAMOCTOSITENbHOU
paboTsl

8 |MuTepnonsguus, qenuManus 3 105 9 |3amanme
1 0aHKH (QUITBTPOB JUISL CAMOCTOSITEITFHOM

paboThl

9 |Teopus BeiiBner- 3105 1 11 |YcTHBIH ompoc
peoOpa3oBaHus

10 |Teopus aganTHBHOM 3105 1 16 |YcTHBIH ompoc
dbunpTpauu
Bcero 3 6 2 4 92

3 0,3 | 3,7 |3auer
Bcero ¢ 3auerom 3 6 2 4 |03 | 95,7




Coneprxanue pa3nesoB AUCITUTITHHBI:

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

Yro Takoe curHan? @yHaaMeHTaIbHbIE KOHIENIUU B IU(PPOBOH 00pabOTKE CUTHAJIOB.
XpaneHnue, o0paboTka U Tmiepeada MUGPOBBIX cuUrHaiIoB. Ilepemada curHaioB uepes
TpaHCaTIAaHTHYECKUH Kabenb Mexny EBpomoil m Amepukoil. CUTHaNBI JUCKPETHOTO BPEMEHH
U ux npumepbl. CUrHaNIbI KOHEYHOM ¥ OECKOHEYHO JUIMHBI, IEPUOIUYECKUE U HENEPUOAUUECKHE
CHUTHAJIbI. DJIEMEHTApHBIE ONEpaTOphl, UCIOIb3yeMble MPU 00pabOTKE CHTHAJIOB TUCKPETHOTO
BpEMEHU. DHEPrusi ¥ MOIIHOCTh. Pa3zHuia mMexmy «udpoBOil» M «aHAJTOTOBOW» YaCTOTAMH.
BocnpousBenenue 3Byka Ha MEepCOHATBHOM KOMIbiOTepe. OCHOBHBIE «CTPOUTEIBHBIEY» OIOKH
cucteM 1uppoBoit 00pabOTKKM CUTHATIOB (CyMMAaTOp, YMHOXKHTEIb, 3a/iepkKa). [Ipumepsr cxem,
MOCTPOCHHBIX U3 OJIO0KOB IHU(PpoBOK 00paboTku curHanos. AnroputM Kapmimyca—Crponra.

Tema Ne 2
Huckpernoe npeodpazoBanue Dypoe. bricTpoe npeodpazoanue Oypre

Uto takoe cnektp? Ocuuiuisiuuu B npupoje. Bocnpuarue okpyskaroniero npocTpaHcTBa
YEJIOBEUECKUM YXOM U TJia3oM. Pa3znokeHue curHajlia Mo TapMOHMYECKHMM KOMIIOHEHTaM.
[TocnemoBaTeIbHOCTH KOHEYHOW JJIMHBI, OHUCKpeTHOe TmpeobOpazoBanne Dypre. Pazmerka
4acTOTHOW ocu. CHHTE3 CHUTHAJIOB M TE€HEpaTop CUHYyCOUIbl. BpoXkneHHas NepuoaUYHOCTH
TUCKpeTHOTO TpeoOpa3zoBanust Dypwe, auckpetHbii psanx Dypee. IlocmemoBaTenpbHOCTH
0OEeCKOHEUHOW JUIMHBI (Hemepuoauveckue), npeodpazoBanue DPypbe AUCKPETHOTO BPEMEHH.
O6mmas uaes OpicTporo npeodpazoBanus Dypbe. ANroput™ ObICTporo npeodpazoBanus Oypwe
C OCHOBaHHUEM 2 C MPOPEKUBAHUEM I10 BpeMEeHU. ANTropuT™M ObIcTporo mpeoOpa3oBanus Oypbe
C OCHOBaHHMEM 2 C MPOPEKUBAHUEM I10 YACTOTE.

Tema Ne 3
OxonHoe npeodpazoBanue ypre

OOmast wmzaes OKOHHOro mpeodOpasoBanuss Dypwe. Bompockl, BO3HUKaIOUIME TNPU
UCTIOJIb30BaHUU OKOHHOro mpeoOpasoBanus @Pypee. CnekrporpaMmma U €€ pa3MeTKa.
Hcnonp3oBaHne OKOHHBIX (yHKIUE pa3HON mimuHBL JlekogupoBaHHE JIByXTOHAIBHOTO
MHOI'0YaCTOTHOIO CHrHajla, OaHK (PUIBTPOB, CHHTE3 IOJOCOBBIX (PUIBTPOB C MCIIOJIB30BAaHHEM
METO/A pa3MEILECHNS HyJIEH U ITOJIFOCOB.

Tema Ne 4
Brenenue B iudpoBsie PribTphl

OO0mme mMoIOKEHUs, MaTeMaTHYEeCKUi anmapar, Kiaccupukauu nuGpoBbIX (GUIBTPOB.
BUX- u KUX-puibTpsl (nocronHcTBa U HemocTatku). CBepTka (meproauyeckas U JIMHEHHas,
cBorictBa cBepTku). Ilepenarzaounas Qynkmusa, AUX, ®UX, ummynbcHas XapaKTEpUCTHKA,
nepexo/IHasl XapaKTepUCTHKA.

Omnpenenenue udpoBoro GuiabTpa B MHUPOKOM M y3KOM cMbiciie. CriocoObl peann3aiun
mdpoBsix ¢uibTpoB. Ilpomecc npoexktupoBanus HUPPOBBIX GHIBTPOB. CrocoObl 3amaHus
TpeboBaHuil K TU(PPOBHIM QUITBTPaAM.



Tema Ne 5
CrenanbHble TUTBI TUPPOBBIX (PUIBTPOB

I'pynmoBast  3amepxka, (azoBas 3azxepxkka. KUX-punptper ¢ nuneitHoit dUX
(oKa3aTeabCTBO CHUMMETPUYHOCTH M AHTUCUMMETPUYHOCTH MMITYJbCHOM XapaKTepUCTUKU
s ciydass KUX-¢punerpoB ¢ nunerinoir ®UX, ¢unptpel Thma 1, Tuma 2, tumna 3, tuna 4,
WX JIOCTOMHCTBA W HEJOCTaTKH, pacnojioxkenue Hyner KUX-punbrpoB c nmueiHON (a3oii).
Bcenponyckatome  ¢GuIbTpbl, HUX CBOHCTBA M HIpuUMEHeHHe. MUHHMaIbHO-(a30BbIe
1 MakcUMaibHO-(a3oBbIe cucTeMbl. CHCTEMBI ¢ 00paTHOM CBA3BIO.

Tema Ne 6
Cunte3 KUX-punbtpos

TpeboBanusi, npeabsBiIsgeMble IPU CUHTE3€ 4acTOTHO-u30uparenbHbix KUX-punbtpos
(®HY, ®BY, 1D, PD). Meroasl cunteza KUX-bunbTpoB (MeTOA OKOH, METOM YacCTOTHOMU
BbIOOpKH, MeTo1 [lapkca-Makkiiennana).

Cunre3 KUX-bumpTpoB MeTomoM oKoH (obmast (GopMyMpoBKa, ONpeAesiCHHE OKHa,
3TaIbl CUHTE3a, siBiieHre ['nb06ca, o0mme cBOMCTBA U XapaKTEPUCTUKU OKOH, TPUMEPbI OKOHHBIX
GbyHKIMA, JOCTOMHCTBA W HeAOoCTaTku Merona). OntumanbHoe okHO Kaiizepa (cyTh
ONITUMAJILHOCTH, MTaPAMETPBI, OTIPEIENIAIONINE OKHO).

[TocTaHoBKka 3amayu ONTUMAIBLHOTO CHHTE3a. Mepa Omm3octu. YeObIméBckas mepa
onmuzoctu. CpengHekBaapaTtudeckas mepa Oiamu3ocTd. OCHOBHBIE 3Tallbl ONTUMAIBHOTO CHHTE3a
nudposbix  puabTpoB. Cunte3 KUX-dunstpoB Meromom Ilapkca-Makkiemrana (oOmras
dopMynHMpoBKa MeTOsa, TeopeMa dYepeloBaHMs, alrOpUTM 3aMeHbl Pemesa, TOCTOMHCTBA M
HenocTatky anroputma [lapkca-MakkieniaHa).

Tema Ne 7
Cunte3 BUX-¢punbtpos

Mertoapl cunreza BUX-¢unbrpoB (cuHTe3 BUX-(unbTpoB Ha OCHOBE aHAJIOTOBBIX
¢bunsTpoB npoTtoTunoB u cuHTe3 BUX-punstpoB B 1mudposoit odmactu). CrocoObl 3amaHus
cneunukanuit s cuate3a BUX-puibTpos.

AnanoroBeie  ¢uiabTpel  mporoTunsl. Dunstp  bartepBopra  (kBampar  AUX,
nepeaarzaouHas (QYHKUMS, HYJIM W TIOJIOCA, YacTOTa cCpe3a M €€ HaxXOoXKICHHE dYepe3
crnenudukanun GUILTPa, dTAbl CHHTE3a (PUIBTPa, BHIBOJ (DOPMYJIBI HAa BBIUMCICHUE MOPSIKA
¢wibTpa). OuneTpel YebObimuéBa tuna 1 u tuma 2 (momuHOMBl YeOblméBa M HMX CBOMCTBA,
kBaapar AUX, mepemar3aounas ¢GyHKIMs, HYJId W TIOJIOCA, YacTOTa Cpe3a, dTalbl CHHTE3a
¢mibTpa, BHIBOJ (OPMYJBI HA BBIYMCICHUE MOPAAKA (QHUIBTPA). DIUTUNTUYECCKUNA (QUIBTP WU
buneTp 3omotapeBa-Kayspa (ammunTudeckue GyHkimu SIkoOuM u uxX cBoMcTBa, KBaapaT AUX,
CYTh ONITUMAJILHOCTH (pUibTpa, (hopMyiia st BEIUUCICHUS TOPSIKa (GUIIBTPA).

Cunre3 BUX-hunbTpoB Ha OCHOBE aHAIOTOBBIX (GHIBTPOB mpoToTuroB. CBoOWCTBa
oToOpakeHHsI, MPeoOpPa3OBHIBAIOIIECTO aHAJIOTOBBI (QuiIbTp B 1UdpoBod. J[Ba crmocoObI
nepexoga or aHajgoroBoro ®HY k xemaemomy 1udpoBOMy, YacCTOTHO-U3OHUpATEITHLHOMY
¢wieTpy: @HY, ®BY, 11D, PO. Meron HHBApHAHTHOTO MPEOOpPA30BaHHUS HMMITYJIbCHON
XapakTepUCTUKH (001mas GopMyIUpPOBKA).

bununeiinoe z-npeoOpaszoBanue (obOmas GopMyIHpOBKa, Tpaduueckasi HHTEPIpETaIns,
KOH(OpPMHOE OTOOpa)KeHHE, CBOMCTBA, COOTHOLIEHHE MEXJIy YaCTOTHBIMH IIKaJIaMu
aHaJIOroBOr0 M LU(POBOro (pUILTPOB, JOCTOMHCTBA M HEJOCTAaTKH METOJa, dTalbl CHHTE3a
nudpoBoro GpuIbTpa Ha OCHOBE JAHHOTO METO/IA).



Cunre3 BUX-dunbtpoB B mudpoBoii obmactu. Metos pasMelieHusl HyJIeil U MOJIOCOB
(oOmast popMynHupoOBKa, JOCTOMHCTBA U HEIOCTATKU, MPUMEp CHHTE3a U(poBoro GuiabTpa Ha
OCHOBE JIAHHOTO METO/Ia).

Tema Ne 8
WNuTtepnonsiums, neuuManus 1 0aHKu GUIbTPOB

MeToapl U3MEHEHHUS] 4acTOThl JUCKpeTH3anuu. llenmu nenuMManuu ¢ LEI0YHCIEHHBIM
kodd¢uimentom M. TlpoekTupoBaHue W peanu3anus aenuMmartopa. llemu WHTEpHONSAIUU C
nejaourciaeHHbIM Koddduimentom L. IlpoekTupoBanuwe W peanusanus uHTEepnoysTopa. Llernm
npeoOpa3oBaHus YaCTOTHI C pallMOHAIBEHBIM K03 dunmentom L/M.

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

Tema Ne 9
Teopus BeiBieT-MpeoOpa3oBaHuUs

OcHoBHblEe MpoOJEeMbl MPAKTUYECKOTO HCIOJb30BaHUS TpeoOpazoBanus Dypbe.
Onpenenenne  BeiiBiera.  IlocTtpoenune — BeiiBner-Oaszuca.  HempepwsiBHOe — BelBIeT-
npeoOpa3zoBanne. JluamHoe BeiBieT-npeoOpazoBanre. (OCHOBHBIE TIPU3HAKK BEHUBIIETA.
OcHoBHBIC CBONCTBa BeliBleT-aHanu3a. [[MCKpeTHOe BeWBIET-peoOpa3oBaHUE U €ro CBS3b C
KpaTHOMacImTaOHBIM aHamu3oM. Macmradupyomas ¢ysknus. BeliBier-gynkmusa. beictpoe
BeiiBieT-npeoOpazoBanre. YacTOTHBIM MMOAXOJ K BBIIOJHEHHUIO BEHUBIET-IIpeoOpa3zoBaHus
(amroputm Mamna). Mneonorust moctpoeHus anroputMa (GuiIbTpaldi Ha OCHOBE BEUBIIET-
npeoOpazoBaHus (OCHOBHBIC ATAIBI U ITAPAMETPHI).

Tema Ne 10
Teopust ananTuBHON PUIBTpaIH

AnantuBHbld GuiIbTp. OCHOBHBIE KOMIIOHEHTBI, BXOJSIIME B COCTaB aJalTHUBHOIO
¢mibTpa. ANTOpuTM OBICTPEHIIEro Crycka. AJZanTUBHBIA aJrOPUTM HAUMEHBIIUX KBAJPaTOB U
€ro cXoauMocThb. [lOBEpXHOCTh MPOM3BOAUTENBLHOCTH. [IpuMepsl MpHIIOKEHHI aganTUBHOMN
00pabOTKM CUTHAJIOB (337a4a CUCTEMHOHN MAECHTHU(HKAIMHU, 3a7ada MOAABICHHS Y3KOMOJIOCHON
MIOMEXH B HIMPOKOIMOJIOCHOM CUTHAJIE, 3a/1a4a MMOAABIICHUS ITUPOKOMOJIOCHOM MOMEXH Ha OCHOBE
a/IalTUBHOT'O CaMOHACTPanuBaIoUIerocs GuiIbTpa).

Tema Ne 11
OunbTpanys ¥ yaydlieHue H300pakeHU (OMIMOHAIBHO)

O6paboTka W300pakeHW. YydilleHWe W BOCCTaHOBIeHHWE u300paxeHuit. L{udposoe
u3o0paxkenne kak ¢yHkuusa. Ilouemy wu3oOpakeHHE MOMET MONYy4UThCS IUI0X0? ToHOBOE
pacrnpenienieHue M rpajaloHHble npeodpazoBaHus. OuibTpanus u3o0paxeHnil. Buabl mrymos.
Macka u Beca. Kpocc-koppernsinust u cBeptka. Henunelinas gunbrpanus. Meauansbiii GuibTp.
Jletanu peanu3anuy KpocC-KOPPENALUU U CBEPTKH.

IIpeoOpazoBanue Dypne. bazucueie QyHkuuu npeobdbpaszoBanus Dypse. [luckperHoe
npeoOpazoBanne Dypbe u ero oodpamenne. MudpopmaTuBHOCTH ha3bl M aMIUIUTY B Teopema o
CBEpTKE M (PUIBTpAIHsl B YACTOTHOM 00JacTu.

Cnucox n1adopaTopHbIX pador
1. Cunres mudppossix KUX-huibTpoB METOAOM OKOH.

2. Cuntes nudposbix BUX-hunbTpoB METOI0M OMIIMHEHHOTO Z-TTpeoOpa3oBaHMs.
3. Cunre3 ontumanbHbIX 10 Yeobiméy KUX-huasTpos.



4. MmuorockopocTHas 1udpoBasi 00padOTKa CUTHAJIOB.
5. OOpaboTKa CUTHAJIOB HAa OCHOBE BEHBIIET-NPEOOPa3OBAHHSL.
6. Ilpumenenue aganTUBHON GUIBTpAIMU B 00pabOTKe ITU(POBBIX CUTHAIOB.

5. O0pa3oBaTe/ibHbIe TEXHOJOIMH, B TOM YHCJIE TEXHOJOIUHM IJIEKTPOHHOI0 OOyYEeHUS H
AUCTAHIMOHHBbIEe 00pa3oBaTeJbHbIC TEXHOJOTMH, HCIOJBb3yeMble NPH OCYIIECTBJICHHHU
00pa3oBaTeILHOIO NMPoLecca MO0 JMCUHUILIHHE

B mporecce oOydeHHs COOTBETCTBYIOMIEH TUCIUIUIMHE WCIONB3YIOTCS CIEIYIOIIHE
o0Opa3oBaTesibHbIE TEXHOJOTUU:

BBopHas geknmsl — Ja€T MEpBOE  LIEJIOCTHOE  MPEACTABIECHHE O JIHUCLUIUIMHE
Y OPUEHTHUPYET CTYJIECHTAa B CUCTEME M3YyYECHMS AAHHOW AMCHUIUIMHBL. CTYJIEHTHl 3HAKOMSTCS
C Ha3HAYCHHEM M 3aJa4aMU Kypca, €ro pojibi0 M MECTOM B CHCTEME YYEOHBIX TUCIMILIMH
U B CHCTEME IMOATrOTOBKM B IesioM. JlaeTcs KpaTkuii 0030p Kypca, UCTOPHs pa3BUTUS HAyKd
U MPAaKTHKH, JOCTIDKEHUS B O3TOH cdepe, HUMEHa M3BECTHBIX YYCHBIX, H3JIaraioTcs
NEPCIEKTUBHBIE HAINpaBleHUs nccaeaoBaHuil. Ha 3Tol eKuuy BBICKA3BIBAIOTCA METOAUYECKUE
U OpraHu3alMOHHBIE OCOOEHHOCTH PAa0OTHI B paMKaxX JNAaHHOW IMCLUUIUIMHBI, a TaKXe JIaeTcs
aHaJIN3 PEKOMEHIyeMOU y4eOHO-METOIMYECKOU JTUTEPaTyPHI.

AxkaneMuyeckasi JeKUus (WK JEKIUs 00IIEro Kypca) — MOocie0BaTeIbHOE U3II0KEHHE
MaTepuana, OCYILIECTBIIEMOE NPEUMYIIECTBEHHO B BHJE€ MOHOJOTAa IPENOJaBaTelIs.
TpeboBaHust K aKaJAeMUYeCKOH JIEKIMU: COBPEMEHHBIH HAy4YHBIH YpPOBEHb M HACHIIICHHAS
MH(OPMATUBHOCTb, yOeauTeNbHAas apryMeHTalus, JAOCTYNHas U TOHATHAas peyb, 4YeTKas
CTPYKTypa W JIOTHKA, HalU4Me SPKUX HPUMEPOB, HAYYHBIX JI0KA3aTEIbCTB, OOOCHOBaHMHIA,
¢bakToB.

JlabopaTopHoe  3aHsiTHe — 3aHATHE,  HANpPABIEHHOE Ha  AKCIEPUMEHTAIBHOE
MOATBEPKICHNE TEOPETUUECKUX MTOJIO0KEHUMN.

Koncynbranusa — 3aHsATHE nepel NPOBEACHHUEM 3a4eTa, Ha KOTOPOM IPOBOAMUTCS
KOHCYJIbTUPOBaHUE MO U3yUYEHHOMY MaTepuaiy, GopmMaM 3aaHUil UTOTOBOTO KOHTPOJISL, OTBETHI
Ha BOIPOCHI CTYAEHTOB 110 TUCLUIUIMHE.

6. Ilepeyenb JMIEH3MOHHOT0 M (WJH) CBOOOAHO PACHPOCTPAHSAEMOr0 NPOrPAMMHOIO
o0ecrneyeHusi, HCMOJb3yeMOro MPH OCYIIECTBJICHUH 00pPa30BATEJbHOr0 Mpomlecca o
AUCHUTLIUHE

B mpomecce ocymiectBieHuss 00pa3oBaTENBHOTO — Tporecca MO JUCHHUIUIINHE
UCIOJIB3YIOTCS:

it (popMHUpPOBaHUS MATEPUANIOB ISl TEKYIIETO KOHTPOJIS YCIEBAEMOCTH U TPOBEACHHUS
MPOMEXKYTOUHOI aTTecTauu, st POpMUPOBAHUS METOAMUYECKUX MAaTEpUAsOB MO IUCHUIUIMHE:

- mporpammbl Microsoft Office;

- Adobe Acrobat Reader.

7. IllepeyeHb COBpeMEHHBIX NPOPecCHOHANBHBIX 0a3 JaHHBIX W HWHPOPMALMOHHBIX
CIPABOYHBIX CHCTEM, HCIIOJIb3yeMbIX IPH OCYHIECTBJIEHUH 00Pa30BaTeJLHOI0 MpoLecca mno
JUCHUIIMHE (MPUA He0OX0UMOCTH)

B mpomecce ocymiectBieHuss 00pa3oBaTENBHOTO — Mporecca MO JAUCHHUTUIINHE
HCIOJIB3YIOTCS:

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

8. IlepeyeHb OCHOBHOM M  JONOJHHMTEJILHOW Yy4YeOHOW  JMTepaTypbl, pPecypcoB
HH(OPMAIMOHHO-TEJICKOMMYHHMKAMOHHOI ceTn «HMHTepHeT» (IPH HEO00XOAMMOCTH),
PEKOMEHAYEMBIX ISl 0CBOCHHUS AN CUHUIIIMHBI

a) OCHOBHAs JIUTEepaTypa


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

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

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

0) 10MOJTHUTEJIbHAS JIUTEepaTypa

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

3. bproxanos 0. A. [ludpoBsie nenu u curHanbl: yued. mocodue. 2-e n3a. — Apocnasis: SAplY,
2005.—-153 c.

4. bproxanos 1O. A. JlabopaTopHbIii TpakTUKYM 10 Kypcy «LludpoBsie menu 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 OnbnamoTeka yueOHbIX MaTepraioB Apl'Y
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php).

9. MaTepunajbHO-TeXHH4YecKasi 0a3a, HeoOXoauMasi 111 OCYLeCTBJICHUA 00pa30BaTEJIHLHOIO
npouecca no JUCHUIINHE
MartepuanpHo-TeXHUUYECKass 0a3a, HeoOXoauMas sl OCYIIECTBIECHUSI 00pa30BaTEeIHLHOTO
mpolecca 1o AUCUUIIIMHE BKJIIOYAeT B CBOM COCTAB ClelUaIbHbIe TOMEILECHUS:
— y4eOHble ayAUTOPUHU I TPOBEICHUS 3aHATUHN JIEKIIMOHHOTO THUIIA;
— yueOHBIC ayJUTOPUH VISl IPOBEICHUS TA0OPATOPHBIX padoT;
— y4eOHbIe ayIUTOPHUH IS IPOBEICHUS TPYNITOBBIX U MHAUBHIYAIbHBIX KOHCYJIbTAIIUH,
— y4eOHbIE ayIWTOPUU JJIsi TPOBEACHHUS TEKYIIETO0 KOHTPOJISI W IMPOMEKYTOUHOU
aTTecTaluu;
— MOMEIICHHUSI JIJIsl CAMOCTOATEIbHOU paboThI;
— OMEIICHHUSI ISl XpaHEHUs U TMPOoUIaKTHIECKOr0 00CTYKUBAHUSI TEXHUYECKUX CPENICTB
o0ydeHusl.
[Tomenenust y1si cCaMOCTOATENBHON PabOThl 00YYaIOIMIMXCS OCHAIEHBI KOMIBIOTEPHOM
TEXHUKOW C BO3MOXKHOCTBIO TMOAKIIOUEHUs K ceTH «V HTepHeT» u olecreueHueM ocTyrna B
3EKTPOHHYIO HH(POPMALIMOHHO-00pa30BaTENIbHYIO CPEy OpraHU3aliu.

ABTOp:
[Tpodeccop kadeapb HHOKOMMYHUKAITUH
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 JUCIUTIIAHbBI
«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,
HCMOJb3yeMble B MIpoLecce TeKyllel aTrecTaun

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 OBITh JIETKO PEATM30BAHHON 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, monydeHHas ¢ ucrnonb3oBanuem [13C-mMaTpuisl.

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

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

r) CTpanuiia B OOBIYHOM KHUTE.

3. dan curnan x(n), KOTOPbIA UMEET CIECTYIOIIUNA BUL:

0, ecrun<OQun>4,

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

[lycte  mepwoWuecKkoe  TOBTOPEHHUE  OTOrO  CHTHAJA  33JaeTCs  BBIPAKCHHEM:

x(n) =

o0
y(n)= Zx(n+7k). Haiitu sHepruro u MOmHOCTh CUTHAIOB x(n) U y(n). OTBETH 3amucarb
k=—x
JUIs KaXIOro cilydas IIOCIE 3HaKa paBHO. FE, = , P = , B, = ,
Py =

4. Paccmotpum curHan x(n)=08(n)+23(n—1)+38(n—2). Obpabotaem curHai x(n)
C UCTIOJIb30BaHNEM CIEAYIOIIero Gpuiprpa:
x(n)+x(n—-1

() = () 2( )

Bribepute npaBuiIbHBIN OTBET (OTBETHI).
a) Beixog B MOMEHT BpeMeHHU 7 = 3 HE 3aBHUCHUT OT BXOJ[a B MOMEHT BpeMeHHU 7 =1.

10



0) Beixoa 1111 MOMEHTOB BpeMeHH 7 > 4 Bcerza paseH 0.
B) y(n)=0(n)+28(n—1)+58(n—2)+33(n-3).

5. PaccMoTpuM (puUIbTp Ha pUCYHKE MPEICTaBICHHOM HIKE.

x(n) a b w(n)
+

Kaxkoe u3 cienyromux BeIpaKeHUH CBSI3bIBAET BXOJ U BBIXOT (hrsibTpa?
a) y(n)=(bax(n)+x(n—1))+(cx(n—3)+ x(n—4)).
6) y(n)=b(ax(n)+ x(n—1))—(c+1Dx(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 LM(poBas IOCIEIOBATEIBHOCTh Ha
CD (anrn. Compact Disc). AHaNOTOBBII CUTHAJ, ONMUCHIBAIONINI MY3BIKY, UMEET JUIUTEIbHOCTD
2 MUH. U TNPOJUCKPETH3UPOBaH € 4acToToil f; =44100 I'u. Kakoe KOIMYECTBO OTCYETOB
coxpaneHo Ha CD B mpenmnosnoxeHuu, 4to ayauodaiis sBiaseTcss MOHOGOHUYECKUM, TO €CTh

COJIEPXUT OJIMH KaHay. OTBET 3amucaTh MOCJIE 3HaKa paBHO.
Yuciio ocYeToB =

(M 2
7.Yto sBNSAETCS MHHHMATbHBIM NEPHOJOM P curHama e’ (M/N)2mn

BenuuuH M u N ? OTBeT 3anucarh Mocjae 3HaKa paBHO.
ay M =1, N=3, P=
0) M=5,N=7, P=
B) M =35, N=15, P=

JUTSL CIIEMYIOIINX

8. I[Ipocaymiaiite akkop/l, CreHEpPUPOBAHHBIN ¢ MCIIOJIb30BaHMEM 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 HCKAKEHUS, CBS3aHHBIE C HAJIOKEHHUEM CIIEKTPOB,
BO3HHUKAIOIIEM ITPU MOHUKEHUH YacTOThI JuckpeTusaruu 10 8000 I'm.

a) [lepBriii 06paboTaHHBIN (HhparMeHT.

0) BTopoii o6paboTaHHbIl hparMeHT.

B) Tpetuit 00paboTaHHEIi QparmMeHT.

r) YeTBepThiii 00paboTaHHBIN (hparMeHT.

11



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. BBIMOJIHMM Hax HUM  ONEPaIHIO
TUCKpETH3allMi 10 YPOBHIO (KBaHTOBaHWE). B kakoMm wu3 crienyrommx oO0paboTaHHBIX
(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 ¢ (aiiioM 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 npeodpazoanue Oypre

1. I[lyctp x(n) — 3TO MOCIENOBATENBHOCT, @ X (k) — 3TO AUCKpETHOE MpeoOdpa3oBaHUe

®ypoe (I1D) sToit mocnenoBaTenbHOCTH. BriOepruTe MpaBUIbHBIN OTBET (OTBETHI).
a) Ecnu npumenuts [AII® naBaxasl k curHamy x(n), MOIXY4YUTCS OOpAaIllEHHBIA BO

BPEMEHU CUTHAaI, TO ecTb X(N —n).

2n
0) [lycte curHan x(n) = cos(ﬁLn , tne N — jivHa curHaia, a L — LEeJoe YHuCIo.

N

P k= L7
Torma X(k)=+ 2

0, uHaue.

271
B) Ilycth curnan x(n) = COS(WLn + (pj, rame N — IjMHA CHMTHana, a L — IeJIoe YHCIIo.

Eeﬂp, k=1L,
2

Ecmn N # 2L, torma X (k)= %e‘f@’, k=N-L,

0, wHaue.

r) Ecnu  npumenuts JII® gBaxapl k curHamy  x(n), TOJXYYUTCS CHTHAN

Nx(0), n=0,

n)=
Y Nx(N —n), unaue.

2n
j—nk
2. Pacemorpum Gasuc Oypee wi(n)=e N, 0<n, k < N —1. BoiGepure npaBunbHbiii

OTBET.

12



a) Beibepem 1Ba mro0bIx BekTopa w;(n) U w;(n) Gasuca ®Oypbe. ITH BEKTOpa BCeraa
OPTOTOHAJIBHBI, €CIU [ # j, a CKaIIpHOE MPOU3BEACHUE OTHX BEKTOPOB IOIUYMHSETCS
N, i=],
BBIpXEHUIO (W; (1), w i (n))=
0, mHaue.
0) BeiOepem zBa 1o0bIX BekTopa w;(n) u w;(n) 6asuca ®dypbe. ITH BEKTOpa BCeria
SIBJITFOTCSI  OPTOHOPMAJIBHBIMHU, €CIH [ # j, a CKalsIpHOE TPOU3BEICHUE OSTUX BEKTOPOB
N, i=],
HOAYMHSACTCS BBIPXKEHHIO (W; (1), W j(n))=
0, mHaue.
B) BeiOepem nBa mroOBIX BekTOpa w;(n) U w (1) 6asuca @ypre. T BEKTOpa BCeraa
SIBIISTIOTCSI  OPTOHOPMAIIBHBIMHU, €CJIM [ # j, a CKaJIApHOE IPOU3BEICHHE J3TUX BEKTOPOB
1, i=/,
MOJ4MHSACTCS BRIPaXEHUIO (W; (1), w;(n)) =
0, uHaue.
r) OpTOroHaNbHOCTh BEKTOPOB 3aBUCUT OT JAJIHHBI N Oa3MCHBIX 3JIEMEHTOB.

3. PaccMoTpuM Tpu cuHycouabl JIMHBI N = 64, NpeacTaBieHHbIE HAa PUCYHKE HIMKE.
Cunyconnma y(n) obOo3HadeHa Ha PHCYHKE CHHUM LBETOM, V,(n) — 3eneHblM, y3(n) —
KpacHbIM. Tak ’k€ pacCMOTPHUM CYMMYy OTHX CHHYCOHMJ W 0003HauuM ee dYepe3 x(n).

[Ipenanonaras, yro JIII® curnana ob6o3HavaeTcs 3ariaBHBIMH OyKBaMH, HallpuMep, ISl CUTHaIA
a(n), AII® — A(k), BeiOepuTe MpPaBUILHBIM OTBET (OTBETHI) U3 BAPUAHTOB IMPEACTABICHHBIX

HIDKE.
N/2, k=0,
a) Y3(k)=4{N/2, k=64,
0, mHaue.
-16j, k=8,
0) Yo (k)=<16j, k=56,
0, unaue.
N, k=460,

0, mHadge.

B) 11 (k)= {
r) ||x(n)||§ =[x (k)||§ =12800. 3mech MCHOJNB3YIOTCA CHEAyIONIME O00O3HAUEHHS:

x5 = (x(m), x(m), [ X R[5 = (X k), X (K)).
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4. BeinosiHUTE B MATLAB KO[, KOTOPBIN HaXOJUTCS B daiine
fft train whistle.m B manke ¢ TeCTOBBIM 3afaHuMeM. JlaHHBIA KOJ IO3BOJSCT
MPOAHAIM3UPOBATh TMOBEJACHUE CHUTHAja IAapOBO3HOTO TyAKAa B YaCTOTHOW M BpPEMEHHOU
obnacTsax. AHAIM3 aMIUTUTYJHOTO CIIEKTpa MOKA3bIBAE€T TO, YTO CUTHAJ T'YAKA COCTABIISIIOT TPH
OCHOBHBIE 4acTOThl. OTIpeIeTUTE AT YaCTOTHI.

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

3ameuanue. [Ipy BbIMOTHEHUH 3a7aHUs OOpaTHUTE BHUMAHUE HA BBIXOJHBIE JIaHHBIC
nocje TeHepanuy Koaa. B mepByto ouepenp HEOOX0AUMO OOpaTUTh BHUMaHHE Ha NIEPEMEHHBIE,
Haxomsmuecs B Workspace makera MATLAB: AS — aMIumMTyIHBINM CHEKTp CUTHaIa, PhS —
(a30BbIil CIEKTp CUTHAJIA, S — AaHATM3UPYEMbIA CUTHAJa, F's — 9acToTa AUCKPETH3alUK CUTHANA
(curnaa Ha IIK npeacrasien B ungpoii popme!).

5. Ucnone3ys komanay run fft dtmf.p 3amycrure B MATLAB p-daiin (anamor m-
daiina, HO CO CKPBITHIM KOJOM), HaXOMASIIMICS B IMalKe C TECTOBBIM 3aJaHHEM. 3amyIIeHHBIN
KO/l TIO3BOJIUT CTeHEPHPOBATH JIBYXTOHAJIbHBI MHOro4acTOTHbIM curHan (anria. Dual-Tone
Multi-Frequency Signaling — DTMF), ucnonb3yemsiii niasi Habopa HOMeEpa B aHaJIOTOBOM
tenedonun (ccbuika). [lpyu BHIMOTHEHHH KOAAa TE€HEPUPYIOTCS TPHU IUQPHI, PACIOIOKEHHBIC B
onpezneneHHoM mopsake. Mcmone3ys nuckperHoe mnpeoOpasoBanue @Dypbe, HEOOXOAMMO
OTIPEACITUTE 3TH HUPBI, a TAKIKE MOPSATOK HX TCHEPAIIHH.

[udps! B mopsake reHeparum: .

3ameuanue. [Ipy BeIMOTHEHWH 3a7aHUs OOpaTHUTe BHUMAHUE HA BBIXOJHBIC JIaHHBIC
nmocJie TeHepanuu Koja. Bo-mepBrix, nBa rpaduka: rpaduk orudaromieil CurHajia BO BpeMEHHOU
oOmacti u rpaduk orubaromeil ero aMIUIMTYIHOTO criekTpa. Bo-Bropeix, B Workspace makera
MATLAB Haxomdarcss Tpu NOepeMeHHble: AS — aMIUIMTYAHBIA CHOEKTp curHaiga, dtmf —
AHATM3UPYEMBI CUTHAI (TPU CreHEepUpOBaHHBIC MU(PHI, pa3eeHHbIe may30i), F's — 4acToTa
muckperm3anuu curfana (curdana Ha IIK mpeacraBien B nudgpoii popme!). Ilepras mudpa
3anucaHa B gueiikax 1-22050 BekTopa dtmf, Bropas — 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 Clly4yae
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
YHCIOM 0a3UCHBIX (QYHKLUH, UCIOIB3YEMBIX IPU BBIYUCICHUU 00paTHOro 1BymepHoro JAI1®.

3ameuanue. [Ipu Berunciennu npsmoro u ooparroro JI1® mudpoBoro mzobdpakeHus
x(n,m), pasmepa NxM , tme N — 4uCIO CTPOK, a M — YHCIO CTOJOIOB, HCIIOIB3YIOTCS

cienyromue GopmMyIIbL:

N-1M-1 .
F(k,]) = Z Zx(n’m)e—j%c(kn/NHm/M) ,
n=0m=0
1 G 2n(kn/ N+im/ M)
x(n,m) = i D D Fk.De .
k=0 1=0

7. TonaneHbI curHanm Bo3BpaTa BbI3oBa (aHri. Ring-Back Tone) mpencraBnser coboit
3BYK, KOTOPBIII MOXHO YCHbIIIATh B OOBIYHOM Teae(OHHON TpyOKe IpH BBI30BE YAAJIEHHOTO
aboHeHTa. B OoNbIIMHCTBE €BPOIECHCKUX CTpaH TOHAJIBHBINA CUTHAJ BO3BpAaTa BHI30BA COCTOMT U3
OJHOI CHHYCOHU/IbI, KOTOpasi MepUOJNYECKU BKItOYaeTcsl U BeikItouaeTcs. B CIIIA ToHanbHBII
CHUTHAJI BO3BpaTa BbI30BA COCTOUT M3 CYMMbI JBYX CHHYCOHJ C OTHOCHTEIBHO OJIM3KHUMHU
4acTOTaMH, KOTOPBIE NEPUONUYECKN BKIKYAOTCA U BBIKIIOYarOTCs. Huke mpencraBieHsl 1Ba
npumepa. [Ipocnymanre ux.

[Ipumep A.

[Ipumep b.
Kakoit 3 aByX NOpUMEpPOB COOTBETCTBYET TOHAIBHOMY CHTHAJy BO3BpaTa BBI3OBA,

KOTOpBIN ncnoisb3zyercs B EBpone? KpaTko nosicHuTe Bail OTBET.
OTBeT M NOsICHEHHE IUIINTE HIKe!

3ameuanue. IIpu oTcyTcTBMY NOSICHEHNH OTBET 3aCYMTAH He Oyaer!
8. Ha PUCYHKC HUIKC MPCACTABIICHBI aMIIUTYIHBIC CIICKTPbI CUTHAJIOB, pACCMOTPCHHBIX

B mpenpiaynmieM Borpoce. Kakoil M3 aMIUIMTYJIHBIX CHEKTPOB COOTBETCTBYET TOHAIbHOMY
CUTHaJIy BO3BpAaTa BbI30Ba, UCMOJIb3yeMoMy B EBporie?
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9. Heo6xomumo BeramciuTh JIID curmama, cocrosmero usz 2048 otcueroB. Kakoe
KoJin4ecTBO AByXxTo4YeuHbIX J[[1®D HeoOxoanMo ucnons3oBaTh npu Beruncienuu AP curnana ¢
WCIIOJIB30BaHUEM airopuTMma ObicTporo npeodpasoBanus Dypee (BIID) ¢ nmpopexuBanuem mo
BpEMEHU?

Yucno nByxtoueunbix P =

10. Jau cursan, coctosmuii u3 N orcueroB, rie N =2". Bo cKombko pa3 4mcio
KOMIUTEKCHBIX YMHOKeHHH ( K| ) mpu npsimom BerancieHnn J{I1® Gonpiie dncia KOMITIIEKCHBIX

ymHoxennt (K,) mnpu Beraucnennn JII® ¢ wucnome3oBanmem amroputma BIID ¢

IIPOpEKUBaHUEM 10 BpeMeHU? OTBET BBIPA3UTh UEPE3 71 .
Ky /K, =

JonoanuteabHbii TecT Ne 1
BBenenue B cuctemy komnberotepHoro Mmoaenuposanus MATLAB

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

a) Bekrop X ocraHeTcs BEKTOPOM-CTPOKOW, a €ro 3JeMEHThl OyIyT pacHoOJIOXKEHbI B
00paTHOM MOpSJIKE.

0) BekTop x OyzeT TpaHCIIOHUPOBAH.

B) Kaxxplit 371eMeHT BekTopa X OyJIeT BO3BEJCH B CTETEHB 2.

r) Bextop X cTaHeT BEKTPOM-CTOJIOIIOM.

2. Jlan BEKTOp X, KOTOPHIN onpeaenserca u naunuanuzupyercs B MATLAB crnenyromeit

KOMaH/JI01:
x=[123456728910 11 12];
UYT0 NpoU30MAET C BEKTOPOM X IIPU BBIITOJIHCHUU KOMaH/IbI:
y = x(2:2:end);

Bribepute npaBuIbHBIN OTBET (OTBETHI).

a)x = [2 4 6 8 10 12];

0) Ecin cunTarh BEKTOp X AMCKPETHBIM CUTHAJIIOM C HNEPUOAOM AUCKpeTH3auuu 7}, TO
BEKTOp y OyA€T TUCKPETHBIM CUTHAJIOM € IIEPHOAOM AUCKpeTu3anun 27 .

B) BekTop y Oyzner cocTosiTh U3 3HaYCHUI C HEYETHBIMA HOMEPAaMHU BEKTOpa X.
r) B BekTOp y 3anumeTcst Kaxaplii 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

9 7 6 12|
4 14 15 1

Kakoe (kakue) m3 ciemyrommx MATLAB-BepakeHuit st oOpareHusi K HWHIEKCam
MaTpUulbl TO3BOJIAT MOJYUYUTH MATPpUILLYy BHUJIA:

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
«Menanxonus». IlpencraBum 3TOT KBaApaT Kak MATpPUIy, COCTOSIIYIO U3 YETBIPEX CTPOK MU
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 JHAroOHAIW OJWHAKOBA H
paBHa 34.

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

3ameuanue. /{15 pemienns 3a1aun Bocnoib3yrutech 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;
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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: 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 cnenyromux 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

S1—Jo

Chirp) x(t) = cos(2mft + omtz), rae o =-———, fp —4acToTa KoyeOaHus paJHoHMITyIbCa B

1
So+ /1
MOMCHT BpeMeHH 0, T — MTI'HOBCHHasg 4YactoTa B MOMCHT BpeMeHH tl HaHI/H_HI/ITe
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MATLAB-koa, KOTOpBI BBIUKCIUT IPOJUCKPETU3UPOBAHHYI0 BEpPCUI0O CHUTHaNa Xx(f) ¢
yactoroi auckperusanuu f, =8000 I'm na maTepBane 0<¢<2 cek. Ycranosure fy =0 I'n

u f1=10T'u, a ¢ =2 cek. BusyammsupyiiTe IHCKpPETHYIO Bepcuro curHama  x(f)
C UCTOJIb30BaHUEM KOMaH/Ibl plot. Kakoe Konu4ecTBO pa3 CHrHAN nepecekaeT och adcrucc?
UYucno nepecedyeHnin =

17. Jlana nocneaoBaTenbHOCTh X(72) KOHEUHOM JJIMHBI, COCTOSINIAs U3 YETHIPEX OTCUETOB
x(0)=1, x(1)=0, x(2) =0, x(3) =1. Uemy paBHO nuckpeTHoe npeodpazoBanue Pypre (AI1D)
TOi mnocnenoBatenbHOCTH. llpn Berumcienun /11D moxxHO BocmoabszoBaTthesi MATLAB-
¢dynkuuen fft.

X(0)=

X(1) =

X(2)=

XQ3) =

18. Hamnmure MATLAB-kOa, KOTOpBIM IMO3BOJAUT BBUUCIUTH BbIxod y(n) JIMC-

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

() +2y(n—1) = x(n)—%x(n—l),

rae ¥(0) =0, x(n)=23(n)+ %S(n —1). Kakoe (kakue) U3 ciaenyroumx YTBEpKICHUN SIBIIIETCS

(SIBJSTFOTCST) IPABUIIbHBIMU ?
a) OuibTp SBISETCS YCTOWMYMBBIM, HO BBIXOA (1) pacXoAWTcs H3-3a BBIOPAHHOTO

BXOJIHOTO cUTHana x(n) .

6) ¥(5)=2.

B) y(5) =1.

r) @unbTp ABISETCS MaTeMaTUdyecku HeycroiuumBbIM. 3anyck MATLAB-kona
moKaskiBaeT, 4ro |y(50)| > 1013,

1) Beixon y(n) mpeacraBisieT pacXoAsSIIMECs OCUUIUIALIMM OTHOCUTEIBHO HYJIS, TO €CTh
IIPU YBEIMUYEHUH N aOCONIOTHAS BeIMYMHA y(7) YBETUUYMBAETCA, @ 3HAKU ) (1) 4epeayroTcs.

19. Kakass W3 creayrommx KOMaH] IMO3BOJSET CreHEPUPOBATh 3HAYEHUS CIYy4YaHOMN
BEJIMYMHBI C MAaTEMaTUYECKUM OXHUJAaHUEM paBHbIM S5 u jucnepcuedt pasHot 47 Jlns
BBIYMCIICHHUS] MaTeMaTU4yecKoro oxunganus u gucrnepcu B MATLAB M0XHO BOCIOIB30BaThCs
KOMaHJIaMU mean U var, COOTBETCTBEHHO.

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

4

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

20. Otkpoiite u 3amycrtute Qailn image filtering.m, HaxoIdIUiics B MalKe C
tectroM. Kom B ¢ailie mMO3BOJIAET BBHINOJHUTH JBYMEPHYIO (QHIbTpanui0 IHU(pPOBOTO
u300pakeHust ¢ ucnoib3zoBanueM apymepHoil JIMC-cuctemsl. [TocmoTpute Ha oOpaboTaHHOE
u300pakeHHe W OTBEThTE Ha ciefymoomuid Bompoc. C HUCHOIb30BaHHEM KaKOro W3 JBYX
¢mieTpoB (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 XapakTtepuctuky (AUX) dunsrpa. OHa npeacraBisieT codoit 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 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
HACTPOIKHU BbI CIBILINTE J1BA 3BYKOBBIX (hparMeHTa, KOTOPbIE MPEACTaBICHbI HUXKE.

®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; dparMeHT 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 MaTeMaTHUYECKH BCE BBINIAIUT Tak. IIycTe 4acToTa ONMOpPHOM rapMOHMKH PaBHAETCS

@( paaMaH, a 4acToTa HAcTpamBaeMOW — O pamuad. [Ipu HACTPOMKE TIUTAphl «HA CIyX»
HE00XOJMMO ClIeNaTh TakK, YTo0bl & = () . [Ipoueaypa HacTpoOKH TakoBa:

1. Tlepenectu ® GIU3KO K M .

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

3. I onvcaHus MyHKTa 2, MAaTEMAaTHYECKH, UCTI0JIb3YEM TPUTOHOMETPHIO:

n . Wy — O Oy + O
x(n) = cos(®gn) + cos(mn) = 2cos =9y fcos] =L =n |~
2 2
~2 cos(Ad)n)cos(mon) .

Torma cos(Ad)n) — 3TO CUTHAJ «OLIMOKW», KOTOPBIA MOJYJIUPYET Hecyllee KojaebaHue, To ecTh
cos(c”oon). Korma & = @&, cUrHan «OmMOKN» SIBISAETCS JOCTATOYHO CIAOBIM JUIS TOTO, YTOOBI

€ro MOXKHO 651.]'[0 YCIIbIIATD. Hcnonp3oBanue MOAYJIAOHUU TO3BOJIACT TNCPCHCCTU CHUTHAI
OMIMOKH B CIBIIIMMYIO 00JacTh YacTOT M MOYYyBCTBOBAThH €T0, KaK aMIUIUTYIHBIC OCIUIIISIAA
HECYIIETO KoJieOaHusl.

2. Ucnone3ys komaHny run signal stft.p 3samycture B MATLAB p-daiin
(anasor m-¢aiisia, HO CO CKPBITBIM KOJOM), HaXOJSAIIUHCSA B TANKE C TECTOBBIM 3aJaHUECM.
3anymeHHbI KOJ| MO3BOJIUT CTE€HEPUPOBATh HEKOTOPBIM CHUTHAJN, COCTOSLIMM M3 HECKOJIBKHX
rapMOHUYECKUX KoJieOaHui. OTu KonebaHus CIEAyIOT APYT 3a APYroM M pa3/eieHbl May3aMH.
Cam curnan B Workspace nmakera MATLAB nenoctynen. [IpoananusupyiiTe cnieKTporpammy
9TOr0 CHUTHala, MNOJYYEHHYI0 Ha OCHOBE OKOHHOro mpeoOpasoBaHuss dypbe, U BbIOEpUTE
IIPABWJIBHBIN OTBET U3 BApPUAHTOB HIKE.

a) CreHepupOBaHHBI CUTHAJI COCTOMT W3 TPEX TapMOHHUK Pa3HOW YacCTOTHI, KOTOPHIE

CIEIYIOT B MOPSAAKE: TapMOHMKa ¢ yactotod fi [I'm], 3arem — f5 [['u], manee — f3 ['m], roe

Ni<h<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 MOPSAAKE: TapMOHMKa ¢ yactotoi f3 [I'm], 3atem — f, [I'u], manee — f; [I'u], roe
f1</fa<f3.

B) CreHepupOBaHHBIM CHUTHAJI COCTOMT M3 TPEX TapMOHUK pPa3HOM YacTOTHI, KOTOPHIE
CIEIYIOT B MOPSAAKE: rapMOHMKa ¢ yactotoi fi [I'm], 3arem — f3 [I'u], manee — f5 [I'u], roe
N<fa</f3

r) KTo-Hubyap 3aMeTui 31ech O0bliee KOIMYeCTBO FTApMOHUYECKHUX KoJleOaHui!
3. Ha pucyHke HU)Xe MpeICTaBlIEHbl YeThIpe AuarpamMmbl TpeboBanuii Kk AYX 4acToTHO-

n3buparenbubix KUX-dunstpoB. Kakas w3 mamarpamm TpeOOBaHHMI COOTBETCTBYET 3aJaHHIO
cneunuKanui st peKEeKTOPHOro (PUIIBTPA.

A

1+9,

1
1-3,

———— ] —
56 56 ______ IZ b
| | |
0 0, O, ap / 2
0)
R H(ejm)
1+9, 148, SN
1 lp—t-—4—-———~— I B
1-5 TIPS i ity N\ R
n n [ o I
[ [ I
[ 13 |I 111 le?H
3, S Lok o
0 0 —T1—1 2NN
0 W 31, Dppy Wy W36 O /2
ITepexonnbie ITepexonnbie
I10JIOCEI [10JIOCHI
B) r)

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

YAOBJIETBOPSIET CASAYIOIIUM CICIH(PUKAIUSM:
®, =0.18t, ®, =0.22n, §,, =0.0001, &, =0.001.

Jlna pacyera K03QPUIMEHTOB UMITYJIbCHONW XapaKTEpUCTUKU BaM MpeJjiaraeTcsl MCIOJb30BaTh
MeTosT OkoH. Kakue OkoOHHbIe (DYHKIWU, TPEACTaBICHHBIC HUXKE, MOJOUAYT UIsl PEIICHUs
NAHHOU 3a1a4uu’?

a) Okno baptierra.

0) OxHO X2HHHHTA.

B) OkHO X3MMHMHTA.

r) OxHO bidkMmeHa.

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

YAOBJIETBOPSIET CASAYIOIIUM CICIIH(PUKAIUSM:
®, =0.187, ®, =0.22n, 5, =0.01, &, =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(d,n),
rae x(n) —nepenaBaeMoe cooOLIeHue, a cos(®,n) — Hecylee KojaebaHue.

2

6) y(1) = x(0).
dt

B) PacTsaruBanue (cxxkatue) BpeMeHHOM wmikanbl: y(¢) = x(af). Hampumep, eciu BbI

npourpeiBaecte LP-45 BUHWIOBYIO MIACTHHKY CO CKOPOCTBhIO 33 00/MuH, TO Kod(duImeHT
o =33/45.
r) OrpannyeHue curHaga no aMIUIMTYAe BUJa:

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

n)=
y() M., unaue.

n) Beuncienne — mpeoOpasoBanusi ~ Dypbe  JAUCKPETHOrO  BpeMeHH X (e/®)
(anrn. Discrete-Time Fourier Transform) mocnenoBatensHOCTH x(71) .

7. Kakue u3 CJICAYIOIUX CUCTCM ABJIAIOTCA MHBAPUAHTHBIMU K C,Z[BI/IFY?
a) AMIUTUTYTHAsE MOy JISIITUSI:
y(n) = x(n)cos(®,n),
rae x(n) —nepenaBaeMoe COOOIIeHNUE, a cos(®,,n) — Hecylee KojleOaHue.
2

6 ¥ = x().
dt

B) PacTsaruBanue (cxxkatue) BpeMeHHOM mmiKanbl: y(¢) = x(af). Hampumep, eciu BbI

npourpeiBaecte LP-45 BUHWIOBYIO MIACTHHKY CO CKOPOCTBhIO 33 00/MuH, TO Kod(duimeHT
o =33/45.
r) OrpannyeHue curHaga no aMIUIMTYe BUJa:

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

n)=
y() M., unaue.

n) Beuncienne — mpeoOpasoBanusi ~ Dypbe  JAUCKPETHOrO  BpeMeHH X (e/®)
(anrn. Discrete-Time Fourier Transform) mocnenoBatensHOCTH x(71) .

8. IIpencraBum cebe, 4TO B KadecTBE HMMITYJIbCHOW XapakTepuctuku JIMC-cuctemsl
BBICTYIIA€T HMITYJIbCHBIM  OTKJIHMK IOMEIIEHUA. OTOT OTKIMK MOXHO TIOIY4YUTh C
UCITIOJIb30BAaHUEM MHKpPO(OHA, KOTOPBIM 3aluChIBaeT 3BYK, NPEICTABISAIOMIMN pacceMBaHHE
UMITYJIbCHOTO MCTOYHMKAa 3Byka. [IpuMepoM m0J0OHOrO OTKIMKAa MOXET BBICTyHAaTh
UMITYJIbCHBIA OTKIMK JlozaHHCKOro cobopa, kotopsiii u3mepmi JJokmannd M. (Dokmanic I.) u
€ro KOJUIETH, 3alMcaB 3BYK JIONHYBILEro B coOope Bo3aylIHOro mapuka. ITpocmymaiite sty
3anuch. BeINojgHeHne onepanuy CBEpPTKH TOHM 3amucu (MMITYJIbCHOM XapaKTepUCTUKU coOopa),
HalpuMmep, C 3alHuCbl0 MY3BIKAIbHOIO (parMeHTa, IOJyY€HHOIO C HCIOJIb30BaHHEM
BUOJIOHYEITH, ITO3BOJISIET HCKYCCTBEHHO MEPECO3/1aTh aKYCTHKY OOJIBIIOT0 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 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) =38(n)—0(n-1),
a BXOJHOE BO3/ICIICTBHE Ha CUCTEMY OIPEAEIAETCS CIEeAYIOMUM 00pa3oMm:

{1, n>0,

x(n) =

0, unave.

BrruncnuTe BBIXOJ CUCTEMBI B cieayroime MoMeHThl Bpemenu: y(-1), y(0), y(1), »(2).
y(=D=

y() =

y(0) =

y(2) =

10. ITycte umnynbscHas xapakrepuctuka JIMC-cucrems! umeer BUA:
h(n) = 8(n) = 8(n-1),

a BXOJIHOE BO3/ICHCTBUE HA CHCTEMY OIPEENIAETCs CIeAYIOINUM 00pazoM:

{n, n=0,

x(n) =

0, unaue.

Brruucnure BeIxoa cuctemsl B ciaeayoomue MoMeHTsl Bpemenu: y(—1), y(0), y(1), y(2).
y(=1=

y() =

y(0) =

y(2) =

JlonoaHuTeabHbIH TecT Ne 2
Bgenenue B iudpoBsie GUIBTPHI

1. Paccmorpum ®HY ¢ yacToTHON XapaKTEpUCTUKOW, NPEICTABICHHOM Ha pPHUCYHKE
HUKE.

H(e’™®)
]

| |
-t -m/2 0 /2 T

ve

Uro sBisercst BbBIXOAOM  y(n)

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

y(n) =

aToro ¢uIbTpa, €CIM BXOJHOE BO3JCHCTBUE
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3ameuanue. OOpatuTe BHUMaHHE Ha TO, YTO B 3aJauy€ YacTOTHas XapaKTEpUCTUKA
IpeZcTaBieHa B BelecTBeHHOM (opme, To ecth DUX ¢uinbTpa npearnonaraeTcsi paBHON HYIIO.
[Ipu pemieHnn 3agaun HEOOXOJWMO BCIIOMHHUTBH, Kak BosaeicTByer AUX Ha aMIUTUTYAHBIN
CIEKTp CHUTHaja (TeopeMa O CBepTKe). 3Has 93TO, KaKHe-TO BBIYUCIICHUS, CBSI3aHHBIC C
HCIIONTb30BaHueM mpeoOpazoBanus Dypre auckpeTrHoro Bpemenu (anri. Discrete-Time Fourier
Transform), Bam He mOHATO0STCSI.

i . .
2. Ilyctp x(n) = COS(E nj Mpe/icTaBiIsieT coO0 CUTHAM, MoJAaBaeMblil Ha BXOA (puibTpa ¢

. . 1 . (m
UMITYJIbCHOU XapaKTEPUCTUKON h(n)= 3 sinc 5 n|. Brruucnure CUTHAJI

o0
y(n) = Zx(m)h(n—m) Ha BbIXOJle PWIBTPA U YKAXXUTE B OTBETE€ TO, YEMY PAaBEH BHIXOJl B
m=—oo

MOMEHT BpeMeHU n =5, To ecTb J(5).

y(5) =
3ameuanue. [Ipu pemieHun 3ama4n MOCTapaiTeCh MCIONB30BaTh YaCTOTHYIO O0JIACTh U
TEOpEMY O CBEPTKE, IpeaBapuTesbHO onpeneauB hopmy AUX ¢uiabTpa u ero 4acToTy cpesa.

3. Ucnone3ys komanay run problem 3.p 3amycture B MATLAB p-¢aiin (ananor
m-daiisa, HO CO CKPBITBIM KOJIOM), HAXOISAITUHCS B MMAIKE C TECTOBBIM 3aJJaHUEM. 3aITyICHHBIA
KOJl TIO3BOJIUT TOCTPOHUTHh HYJIb-TIOMIOCHYIO AuarpamMmy (QuIbTpa, MpPEACTaBISIONIETO CcOOO0M
JINC-cucremy. Ilpoananmu3upyiiTe nuarpaMmy H OINPEACIUTE YaCTOTHYI HW30HUpaTeIbHOCTH
(®HY, ®BUY, I1®, PD) punbtpa, ero nopsaok U pe30HAHCHYIO YacTOTy.

YacToTHast U30UpaTeNbHOCTS!

[Topsimok dpunpTpa =

Pe3onancnas yactora = paauaH.

4. 3anycture B MATLAB m-daiin problem 4.m, HaxoAsAIIUHCA B MalKe ¢ TECTOBBIM
3aganueM. IlpeasoskeHHBIN A aHamu3a KOJ MO3BOJISIET 00paboTaTh aJIuTUBHYIO CMECh JIBYX
rapMOHMYECKHX CUTHAJIOB, UMEIOIINX OMpE/eIEHHbIE aMILTUTY/ Ibl, HA4allbHbIE ()a3bl U YACTOTHI.
B kauectBe ¢mibTpa, y4acTBYMOIIEro B 00pabOTKE HCHOIB3YETCS YaCTOTHO-M30MpaTeIbHbIN
BUX-punstp. BeiOGepute npaBuIbHBINA OTBET (OTBETHI) U3 BAPUAHTOB, MIPEACTABICHHBIX HUXKE.

a) Mcronb3yemblit GUIIBTD SBISETCS PEKEKTOPHBIM.

0) Ucnons3yeMblit (GUITBTP SIBISETCS TTOJIOCOBBIM.

B) 'apmonnka Ha wyacrtore 0.0lm paguaH mporyckaeTcs, a rapMOHMKa Ha 4acToTe
0.5 pagmaHT MoIaBIAETCS.

r) lapmonnka Ha dacrore (.57 paamaH TPOIyCKaeTCs, a TapMOHHMKAa Ha 4YacToTe
0.01m paguaHT MoJaBIISIETCS.

1) O6e TapMOHHUKH TTPOITYCKAIOTCS UCIIOIB3YEMBIM (PHUITHTPOM.

5. Beruncnuth z-npeoOpa3oBaHue nocieaoBarenbHOCTH x(n) =n-1(n), yka3aB o0macTb
CXOJIUMOCTU X (Z).

X(z)=

3ameuanue. Eciu  o0macte cxomuMocTH — z-TipeoOpa3oBaHHMsT B OTBETe Oyzer
OTCYTCTBOBATh, OTBET 3aCUMTaH He Oyer!
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1

(1 —0.42‘1)2

6. Beruncnuth o0paTHOE Z-ipeoOpazoBanue X (z) =

z|>04.

x(n) =
3ameuanue. [Ipu pemennn 3aaun o6paTuTe BHUMAaHKUE HA KPATHOCTH MOJIOCA.

7. lano pa3zHoCcTHOE ypaBHeHHe, onuckiBatoniee JIMC-cucremy:
y(n)=5y(n-1)+6y(n—-2)=x(n-1).
Onpenenuts nepenaTounyro GyHKIU H(z) ITOW CUCTEMBI.

H(z) =

8. JINC-cucrema onucheIBaeTCs pa3HOCTHBIM YPaBHEHUEM
y(n)—y(n—-1)+0.25y(n—-2)=x(n)—0.25x(n—-1).
Hailinute nMnyabCHYIO XapaKTEpUCTUKY /(7n) 3TOM CUCTEMBI, a TAK)KE OTKJIMK )(7) CHUCTEMBI Ha

x(n) = (0.5)"1(n), IpH HYJEBBIX HAYATBHBIX YCIOBHUSIX.
h(n) =
y(n) =

9. PaccMOTpUM CHCTEMY, TIPSICTABICHHYIO HA pUcyHke Huke. Ilycts H(e/®) sBisercs

o o o ~ Y
9aCTOTHOM XapakTrepucTukod uaeansHoro ®HY ¢ wacroroii cpesa o, = 1 Paccmorpum nBa

curHana xy(n) m Xp(n), KaXIblil U3 KOTOPHIX B OTAENBHOCTH IIOJACTCSI HA BXOJ CHUCTEMBL.

[lycte curnanmsl Xj(n) um Xxp(n) sBisiroTCst y3KkomosiocHbIMH. [lonoca wacToT, B KOTOPOW

T T
COCPEIOTOYCH CUTHA X|(71), ONpEe/eNsieTCs] TMana3oHoM [_Z’ Z} panuaH, a curHana X, (n) —

3r 3 o
[— T, —— | T,n panuaH. BeiOepuTe mNpaBWIBHBI OTBET W3 TMPEACTABICHHBIX HUKE

BapHaHTOB.

(-D" (-1)"

x(n) B y(n)
H(e’™)

a) O6a curHana xj(n) u x,(n) OyAyT MPOIMYCKATHCS CUCTEMOIA.

0) Curnan x;(n) Oyzxet mporyckaTbesi CHCTEMOI 0e3 M3MEHEHUH, a curHail X, (n) Oyner
OTHUIBTPOBAH.

B) CurHan x,(n) Oyner mpoIycKaTbesi CHCTEMOi 0e3 M3MeHeHH, a curHai x| (n) Oyner
0T(UIBTPOBAH.

r) O6a curnana xj(n) u x,(n) OyayT OTGHUIBTPOBAHBI CHCTEMOM.
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3ameuanue. [Ipy pemieHnn 3a7a4Ml UCHOJIB3YWTE YacTOTHYIO obOsacTh. BemomumTE TO,
qro (—1)" = cos(nn) = e/™ , a IEpEeMHOXXEHNE CUTHAJIOB BO BPEMEHHOW 00JIACTH COOTBETCTBYET

CBEPTKE UX YACTOTHBIX 00pa30B B YaCTOTHOW 00NacTH. J[OMOTHUTENEHO HEOOXOAUMO OTMETHUTh,
4yT0 TpeodpazoBanus Pypre nuckpernoro Bpemenu (anrii. Discrete-Time Fourier Transform) ot

e/®0" paBro §(d— ), Tae 3(®) — nenpra-GyHKiuMs Jlupaka, a CBEPTKA B YACTOTHOM 06J1aCTH
gacToTHOro obpasa X (e/®) Hekotoporo curHama x(n) c ¢yHkmmenn 3(®— @) gaeT

X(ej(d)—d)o)) )
10. [lycte  h(n) sBAsieTCSs WMIYJIBCHOM XapaKTEPUCTUKOM HIeaTbHOro (GMIbTpa C

o A T
qaCcTOTOM Cpe3a ., <5 pagvaH. Kakas cucrema sBIsSE€TCS DKBHUBAJICHTOM CUCTEMBI,

NPECTAaBICHHON Ha pUCYyHKE HIDKe? BpiOepuTe mpaBMIIbHBIA OTBET U3 MPEICTABICHHBIX HIKE
BApUAHTOB.

x(n) z )2 o Y(n)
—>»| | cos P h(n) + >

h(n)

a) Uneansubiit ®HY ¢ ypoBaem AUX B mosioce mpomyckaHMsi paBHbIM 1 W gacTtoToi
cpe3a @ .

0) Uneansubrii ®BY ¢ ypoBaem AUX B mosioce mpomyckanust paBHbIM 0.5 u 4acToToit
cpesa m— M, .

B) Uneansupiii ®BY ¢ ypoBHem AUX B nonoce nponyckanust paBHbIM 0.25 1 yacToTOM
cpeza @ .

r) Uneansubiit ®BY ¢ ypoBHem AUX B mosioce MponyCKaHHWs paBHBIM | W TOJIOCO#
IPOIMYCKaHUs [®,., T—®,].

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

e) Uneansubiit ®HY ¢ ypoBueM AUX B nosoce mpomnyckanus paBHeIM 0.5 ¥ 4acToTON
cpesa 20,..

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

2 1+ cos(2x)
cos”(x) = - Bo-BTOpBIX, BOCTIONIB30BAaTHCSl 3aME€UaHUEM, yKa3aHHBIM B 3agaude Ne 9.

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

Tecr mo Teme Ne 5§
CrnennanbHbIC TUTIBI U(PPOBBIX GUIBTPOB

1. HapucoBate AUX upneansHoro ®BY nHa untepBane ot 0 no 4n paguas. Ilonoxurts
4acToTy cpe3a GuibTpa paBHOU 3HadeHUto 0.57 paguaH.

OtBet M300pa3uTe HUAKe!
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3ameuanue. [Ipy u3o0paxkenuun AUX 00s3aTenbHO TOMMUIINTE OCH U  CIUHUIIBI
n3MepeHus no HuM. [Ipu oTCyTCTBUM MOCTIEAHETO OTBET 3acUrTaH He OyaeT!

2. 3anucath MaTEMaTHYECKOE BBIPA)KCHUE, OINHUCHIBAIOIIECE I'PYNIIOBOE BPEMs 3aJEPiKKH
(TpynIoByIO 3a/1€PKKY ) TMHEHHONW HHBAPUAHTHOW K CABHUTY CUCTEMBI.

12(60) =

3.Kak B o0meM cjydae BBINIAIAT YCJIOBHUS O€3bICKOKEHHOM Iepeladd CUTHAJIOB.
Bri0epure npaBuIbHBINA OTBET U3 BAPUAHTOB, IIPECTABICHHBIX HIDKE.

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

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

4. Kakyro ¢opmy mmeror AUX nm OUYX mnudpoBoro dumpTpa s ciydas, Koraa
BBITIOJIHSIOTCS YCIIOBUS O€3bICKaKEHHOM nepeaayn curaanoB? BeiOepure nmpaBUiIbHBIN OTBET U3
BAPUAHTOB, IPEICTABIICHHBIX HIXKE.

a) AUX u @OUX sBisoTcs JIMHEHHBIMEH B Ipefenax 3aJaHHOW o00JacTd 4YacTor,
3aHUMAEeMOI CIIEKTPOM CUTHaJa.

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

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

r) AUX sBusiercs mnoctostHHOM, a DUX sBisieTcss NTUHEWMHOW B MpeAesiax 3aJaHHOMN
o0JacTu 4acToT, 3aHUMAaeMOM CIIEKTPOM CHUTHaJja.

5.Kakoii u3 nByx chmekTpoB HeceT Oonbiie uHbopmanuu o curHaine? BriOepure
IIPaBUJIbHBIN OTBET.

a) AMIUTHTYTHBIN CIIEKTP.

6) ®a30BbIii CHEKTP.

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

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

a) Becenpomyckaromue GuiabTphI.

0) KUX-bunetps! ¢ muHeitHot OUX.

B) KUX-(unbTpsl ¢ CHMMETPUYHOM UMITYIBCHOM XapaKTEPUCTHKOM.

r) KUX-hunbTpel ¢ aHTUCUMMETPUYHON UMITYJIbCHON XapaKTEPUCTHKOM.

7. llycte HONMb KUX-dpunsTpa derBeproro mopsaka ¢ jguHeiHod PUX HaxomuTcs B
LT
-y
TOUKE 2o =2-e . B kxakmx Toukax OymyT HaXOAWTBHCS OCTaBIIMECS HYIH (DHUIBTpA,

MpeAnoaras, 4To ero UMIyJIbCHasi XapaKTePUCTUKA SIBIISIETCS BEILIECTBEHHOM?
Hynu:

8. lns kakux w3 cruenyronux TUOB KUX-punberpoB ¢ nuneirHoit ®UX BO3MOXKEH

cuare3 ®BY? BeiGepuTe npaBUiIbHBINA OTBET (OTBETHI) U3 BAPHAHTOB, MIPEJICTABICHHBIX HIDKE.
a) ®unbtp THNA I.
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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. BeiOepuTe MpaBUIBHBIA OTBET (OTBETHI) U3 BapUAHTOB, MPEICTABICHHBIX
HUXKE.

a) Becenpomyckaromue GuiabTpHI.

0) KUX-bunsTpsl ¢ muHeitHoM OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoi OUX.

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

10. Kakne u3 ¢(uabTpoB, ONUCHIBAEMBIX MepenaTOYHbIMH (yHKIMsIMH H(z) HUXKE,

SBJISIIOTCS.  BCETIPONYCKAIOMUMK. BpiOepuTe mNpaBWIbHBIA OTBET (OTBETHI) W3 BapHAHTOB,
MPEICTABICHHBIX HUXKE.
Z_l a”
a) H(z)= %
l—a-z
KOMIUIEKCHOE COTPSIKEHUE.
-1
l—a-z
0) H(z)=———
_1 %
z  —a
KOMIUIEKCHOE COTPSIKEHUE.

, TI€ @ — KOMIUIEKCHBIA Kod(duimeHnt, cumBon * o0o03HaUaeT

, TIE€ a — KOMIUIEKCHBI KO3(p(UIMEHT, CUMBOJ * 0003Ha4aeT

af—c-z_1 +Z_2
_2’

2

B) H(z) =

= r/ie d ¥ ¢ — BeIECTBEHHBIN KOAP(HUITUEHTHI.
l-c-z +d-z
l—c-z l4d z”
-1 2

r) H(z) = , TJIe d ¥ ¢ — BEIECTBEHHBIA KOAP(HUITUSHTHI.

d—c-z " +z

11. [lycTh momioc BCEMpOITyCKaromero (uibTpa BTOPOTO MOPSAAKA HAXOIUTCS B TOUYKE
LT

i
z,=0.5-¢ 2. B kakux Toukax OydyT HaXOOWTHCA HyJH M IIOJIOCHI, HNpeAroaras TO, 4TO

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

ITomrockr:

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

a) Becenpomyckaromue GuiabTphI.

0) KUX-buneTps! ¢ muHeitHOM OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoi OUX.

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

13. HeoOxoaumo cunTe3upoBarh 1udppoBoii KUX-QunbTp BEepXHHX YaCTOT, KOTOPBIH

YAOBJIETBOPSIET CICAYIOMNUM CIICIIH(UKAIIHSIM:
o, =0.18n, ®, =0.22x, §,, =0.01, &, =0.001.
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Jlis pacuera ko3¢ (OUIIMEHTOB UMIYJILCHOW XapaKTEPUCTUKNA BaM PEKOMEHAYIOT HCIOJIb30BaTh
METOJT OKOH M OKOHHYI0 (YHKIMIO biIdKMeHa, a 4YacTOTHYIO XapaKTEPUCTUKY HJICATHHOTO
bunsTpa 3a1aTh B BUIE:

e ]ow)’
0, 0<|df<m

Onpenenure nopsaok ¢unstpa, ero tum (I, I1, II1, IV) u Bo3moxxHoCTh craTe3a @BY (BO3MOXXHO
I HEBO3MOXKHO) ISl TMOJYYCHHOTO THWIIA, TPEAroJiarasi, 4YT0 HCKYCCTBEHHOTO W3MEHEHUs
YETHOCTH MOPSAKA HE IPOUCXOIUIIO.

[Mopsinok ¢punbTpa =

Tun ¢punsTpa:

Bo3moxuocts cunTe3a ®BY:

9 O <d,,
Hu(ej(x))z | C

14. Kakue u3 ¢GuIbTPOB ¢ UMIYJIbCHBIMHU XapaKTEPUCTHUKAMH, MPEICTaBICHHBIMU HIKE
uMerT, JauHedHyto @OUX? Beibeputre mpaBUIBHBIE OTBET (OTBETHI) W3 BapHAHTOB,
MPEACTAaBJICHHBIX HUKC.

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

6) n(0)=1, h()=1, h(2)=—1.

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

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

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

UIpu n>3;

5
= 2 (=D"h(m) =0;

n=0

—H(z)=0 B TOUKE Z = 0.7ejn/4;

I
- IH(eja’)d& — 4r.
—T
Onpenenure Tun (L, 11, 1L, IV) atoro ¢unstpa.
Tun ¢punerpa:

3aganue 1J151 CAaMOCTOATEIbHOM padoThl Ne 1
HuckperHoe npeodpazoBanue Oypoe. beictpoe npeodpazoBanne Oypobe

3amaHus OIS CaMOCTOSITENBHONM paboThl MOTYT OBITh B3SITHI U3 TJaBbl Ne 4 KHUTH
Xpses B. B., Tlpuopo A. JI., Bonoxos B. A. OcHOBBl Teopuw Iiemneil: COOpPHHUK 3amad. —
Apocnasne:  Apl'Y, 2008. Ilpennaraemble pans pemieHus HoMepa 3agad Ne 2.36-2.45
pacrnioioxkenbl Ha cTp. 47—49. CamocTosiTenbHas paboTa MOKET OBITH JOMOJHEHHOW 3amadamMu
no Teme «bricTpoe mpeobpazoBanue Oypbey. ITH 3a1a4K IEPEUUCIICHBI HUXKE.

1. IIpenmonoxum, 4TO KOMHAEKCHOe YMHOJNCeHue 3aHUMaeT | MKC, a TakXe TO, 4TO
BpeMsi, 3arpaunBaeMoe Ha BbluucieHue JIID, onpenenseTrcs TOIBKO YMHOXXEHUSAMH,
HEOOXOIMMBIMH JIJISl €70 pacyera.

a) CKOJIbKO BPEMEHH B CeKyHax 3aiiMeT Bbrurcienne 1024-roueunoro 1D nvanpsmyro,
TO €CTh 0€3 MCII0JIb30BaHMsI aITOPUTMOB ObIcTporo npeodpazoBanus ypwe (BI1D)?
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0) CkonbkO BpeMeHHW B CeKyHAax 3aiimeT BbuucieHue 1024-royeunoro D c
ucnonb3oBanueM ainroputma bBI1® ¢ mpopexuBanueM o BpeMeHH (1o yactore)?
B) [ToBTOpHTH MyHKTHI @) U 0) y1st cirydast 4096-toueunoro JI1D.

2. PedeBoif curHaN MPOAMCKPETU3MPOBaHHBIN ¢ yacTtoToi 10 kI oOpabarkiBaeTcs B
peXuMe peanbHOro BpeMeHH. YacTh BBIYMCICHHMH 3aTpayMBaeTCsl Ha HaKoIJIeHHe OJIOKOB,
cocrosimiux u3 1024 3HaueHui pedyeBOro curHaiga, u BeruucieHue 1024-touyeunoro JAIID, u
1024-toueunoro OJII®. IIpeanonoxum, 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 Bbruucinens? Ilpu
pElLICHUH 3aa4i MPEeAnooxkuTh, uTo 1D BruncageTcss ¢ ucnoyib3oBaHueM ainroputma bIId
C IPOPEKUBAHUEM T10 BPEMEHH (I10 YACTOTE).

3ameuanue. [Ipu pemrenuu 3amauu 0OpaTUTh BHUMaHUE HA TO, YTO B OTIMYME OT 334l
Ne 1 mo ycnoButo 3amaHo BpeMsi Ha BBIUYMCIIEHHE OJHOTO BEIIECTBEHHOTO YMHOXKEHHS, a HE
KOMIUTIEKCHOT0. OJHO KOMIUIEKCHOE YMHOMKEHHE COCTOMT U3 YETBIPEX BEIECTBEHHBIX
YMHOKEHUI M TpEX BELIECTBEHHBIX CJIOXEHUI. BpeMeHeM Ha BBINIOJIHEHNE KOMIUIEKCHBIX
CIIOKEHMU MPH pelIeHUH 3a]1auu peHeOpeyb.

3. JluckpeTnsanusi CUTHaJa HENPEPBIBHOIO BPEMEHH X, (f) MO3BOJAET 3a 1 cekyHmy

CrE€HEepUPOBATh MOCIIeN0BATENBHOCTD U3 4096 0TCUETOB.
a) KakoBa BepxHss 4YacTOTa CHrHana x,(f), €CIIM HPEANOJIOKHTb 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 auamna3oHy 200< f <300 I'u. Kakoe KOJIMYECTBO KOMMIEKCHbIX YMHONCEHUl

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

r) [Ipy kakom KomudecTBe BBIYMCISEMBIX KodpduuueHtoB M anroputm bBIID ¢
IpOpeXUBAHUEM MO BpeMeHH (1o yactore) Oyaer 3¢ ¢dextuBHee npsmoro Beruuciaenus JI1O?
Onpenenutb M AJisl Cilydas MOCieI0BaTeIbHOCTh U3 4096 0TCUeTOB.

4. Hekotopele u3 %N logo, N ymHoxenuil B anroputMme bIID ¢ mpopexuBanueM 1o

BpeMeHHU ([0 YacToTe) NPEACTaBISAIOT yMHOXeHus Ha +1. Anroputm BII® Bo3MOXKHO
peanuzoBath Oosiee 3(G(PEKTHBHO TyTeM HAMHWCAHUS TPOrPAMMBI, KOTOpas CIEIHUATBLHO
UCKJIIOYAeT 3TU YMHOXKEHUS.

a) Kakoe kommMuecTBO yMHOXEHHH MOHAAOOWTCA MpU BhIUKCIECHUU §-ToueyHoro JII1D
c ucnoib3zoBanuem anroputMa bII® ¢ mpopexuBaHueM 1O BpPEMEHM (IO YacTOTE), €CIU
YMHOXEHUS Ha + 1 OyAyT UCKIIIOYEHBI.

6) Pemuth myHKT a) 11t cnyvas 16-roueunoro JI1D.

5. Jana mociieoBaTenbHOCTh X(71), cocrosmas u3 8 orcueToB. OnucaTh BBIYUCICHUE

HIID »Toil mocnenoBaTebHOCTH € HCHOb30BaHUEM anroputMa bIID ¢ mpopexuBanuem 1o
yacrore. HapucoBaTh HampasneHHbli rpad anropurMa BII® s paccmarpuBaeMoro ciydvast.

3agaHue /151 CAaMOCTOAATEIbHOM PadoThI Ne 2
CrnenanbHbIC TUTIBI TUPPOBHIX GUIBTPOB

3amaHus I CaMOCTOSITEIBHOM pabOThI MOTYT OBITH B3SITHI W3 TJaBbl Ne 4 KHUTH
Xpses B. B., Ilpuopos A. JI., BonoxoB B. A. OcHOBBl Teopuu Lenei: COOpHMK 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-punpTpos

1. CunTtesupoBath MeTooM OKOH KUX-bunbTp HUXKHUX 4YacTOoT ¢ JuHeiHon DUX,
YIOBJICTBOPSIONIUH CICAYIOMIUM CHEIIH(PUKAITUSM:

0.99 < ‘H(eff‘))‘ <101,0<

® <0.197,

H(e ™) <001, 021n <o} < 7.

2. CuntesupoBath MerogoM okoH KUX-punbtp ¢ nuneitnoit ®UX mopsaka N =24,
JUIS alIPOKCHMAIIUHM YaCTOTHOM XapaKkTepucTHKH GpuibTpa ¢ AUX, npuBeieHHON HIXKE:
I, & <0.2m,

0, 0.2 <|d

H, ()
<

3. Ucnonw3ys meto okoH cuHTe3upoBaTh KUX-GunbTp BEpXHUX 4aCTOT MUHUMAIBLHOTO
Hopsiika ¢ TpaHWYHOM wuacToTOil B monoce 3anepxkuBanus (II3) @, =0.22n, rpaHuuHON

qactoToii B mosoce npormyckanus (I1IT) @, = 0.28w, u orxionennn AUX ot 0 B [13 5, = 0.003.

4. CunresupoBath MeTosoM OKOH KUX-bunbrp HmwKHUX bacToT ¢ juHEHHOM DUX,
YIOBJICTBOPSIONIUH CIECAYIOMIUM CHEIIH(PUKAITUSIM:

0.99 < ‘H(eff") <1.01, 0<|a| <03,

H(e™|<001, 0357 <[af <.

5. Beruncnuths napamerpsl okHa Kaiizepa B u N nns cunteza @HY c gacroToii cpesa
®, =m/4, orknonenmeM AUX or 0 B I13 &, =0.01 ¥ mHUPHHONH HEPEXOIHOM IIOIOCHI

A®=0.027.

6. Beruncnute napamerpsl okHa Kaiizepa B u N nns cunrteza @HY ¢ gacroToil cpesa
®, =7/2, orkinonenreM AUX or 0 B I13 &, =0.002 1 WHUPHHON TIEPEXOJHOI MOJIOCH AQD He

npesblmaromen 0.17.

7. PaccMoTpuM 10J10COBOM  (pUIIbTp, OOdagaromuii crienupHUKausIMA TPUBEICHHBIMU
HIDKE!

® <0.2m,

‘H(ejd’)‘ <0.01, 0<
0.95 <[ (e/)[ <105, 037 <[ < 0.7x,
<T.

‘H(ej(b)‘ <0.02, 0.87<|d

a) CunresupoBarb MeTomoM OKOH KUX-punstp ¢ nunediHo @DUYX mo 3agaHHBIM
CHGL[I/I(l)I/IKaI_[I/IHM ¢ UCIIOJb30BaHueM okHa binkMeHa.
0) CunresupoBatb MetogoM okoH KHX-bunetp ¢ nuueitHo @YX 1o 3amaHHBIM
cnenuduKanusIM ¢ UCTIOIb30BaHuEM OkHa Kaiizepa.
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8. PaccMoTpuM pexeKTOpHBIN (QUiIbTp, obiafaronmii cennGuKausaMi MpUBEICHHBIMU
HIDKE!

0.95 < |H(e/®)[<1.05, 0<[a| < 0.2,

A

H(e/®) <0.005, 0221 <@ < 0.757,

0.95 < |H(e/®)[<1.05, 0.8n < |@f < .

CunTte3upoBatb MeTozioM 0KoH KU X-¢punetp ¢ nuneitnoit @YX no 3agaHHbIM crienupUKanusam.

9. CunTe3npoBarh MEeTOIOM OKOH mosnocoBoit KUX-punetp Trna 2 ¢ nuneiiHon ®YX,
YIIOBJICTBOPSIOIINH CIEAYIOMINM CIICIH(DUKAIHSIM:

® <0.1m,

‘H(ejé’)‘ <0.0050, 0 <

0.995 <[ (e/)[ <1.0050, 0.257 <6} < 0.6,

‘H(ej&)‘ <0.0025, 0.8 <|d[< .

10. CunTe3upoBaTh MeTOAOM OKOH MHOTOmNoMOCHBIM KUX-punptp ¢ nuneitHon OUX,
YIOBJICTBOPSIONIUH CIECAYIOMIUM CHEIIH(PUKAITUSIM:

0

0.99 < H(ejd))‘ <1.01, 0<|d|<0.3n,

H(e/®)| <001, 0357<[|<0.557,

0.49 <|H(e/™)[ <051, 0.6m <[ <.

11. Kakyto okoHHyr (yHKOHIO ((QYyHKIIMH) MOXKHO HMCHOJB30BaTh s cuHTe3a KMX-
¢GunapTpa HWKHUX 4YacTOT ¢ TrpaHumyHON vacrorodt B III1 &, =0.357m, mmpuHOI mepexomHON

nonocel A® = 0.0257 u makcumanbubiM otkioneHnem AUX ot 0 B 113 §, = 0.003..

12. Ucnonbs3yst Meron OKkoH  cuHTe3upoBarh KUX-QuubTp HIWKHHX  4acTOT
MHHUMAJIBHOTO TOpsi/iKa ¢ TpaHn4yHOi yactoToil B I1I1 &, = 0.457, rpannyHoii yacroroii B I13

®, =0.57 u MakcuManbHbIM oTKIOHeHHEM AUX ot 0 B I13 5, = 0.005.

13. CunresupoBath MetogoM okoH KHX-punbrp HmXHHMX uyacToT ¢ suHeiHONH DUX
nopsinka N =128, rpanmunoit wacroroir B IIIl @, =0.487, rpanmuHoii wacroroi B II3

®, =0.521, ucmonb3ys A1 aNIpPOKCHMAlMM YacCTOTHOM XapaKTEPUCTUKH (UIBTpAa OKHO

Kaiizepa.

14. HeoOxoguMo  mpousBecTH  (UIBTPALMIO  AaHAJIOTOBOTO  CHUTHama  x,(f)

C MCIIOJIb30BAaHMEM aHayoroBoro ¢mibTpa HWKHUX yactor (PHY) ¢ wyactoToii cpesa
fo =2 xl'n, mmpuHoi nepexogHoi mnoaockl Af =500 I'm ¥ MHHMMaIbHO JOIYyCTHMBIM

3aryxanueM B II3 o, =50 nb. PaccmaTpuBaeMblii aHAJIOTOBBIM (UIBTP pealu30BaH B

nupoBoM BHE, KOTOPBIM TpencraBieH Ha puc. . CuHTEe3upoBaTh IUppoBOl GUILTp ¢
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YaCTOTHOW XapakTepUCTUKON H (e/®), HeoOXxoauMmblil i peanusaiuu anamorooro ®HY c
yKa3aHHBIMU BblIIlIE cenupuKanuaMu. YacToTy QUCKpETU3aluu [y MOoN0KuTh paBHOU 10 kI

L L

xa(t) x(m) n J’(n) ya(t)
—»| AUl | HE®) | LAD >

Puc. 1. CtpykrypHas cxema k 3agaue 14

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

1. HaliTu MUHMMaJIbHBIN MOPSAOK M YacTOTy Cpe3a MO YpPOBHIO 1/ V2 or mMakcumyma

aMILTUTYTHO-9acTOTHON  xapaktepuctukn (AYX) anamoroBoro ¢unbstpa barrepBopra,
YJIOBJICTBOPSIOIIETO CIICAYIONINM CHEIIH(PHKAIASIM:

|H,(j)|=0.95, Q=16m,
|H,(jQ)|<0.1, Q=24

2. Ucnone3yst OwinvHEWHOE z-TipeoO0pa3oBaHUE CHHTE3UpPOBaTh LHU(PpoOBON  HUIBTP
HwkHuX vactor (PHY) barrepBopra mepBoro mopsiaka, KOTOPBII HMMeEeT 4YacTOTy cpesa

®, = 0.57 [pax] o ypoBHI0 1/ V2 or makcumyma AUX.

3. Ucnionb3yst OunmHelHOE z-ipeoOpa3oBaHME CHUHTE3MPOBATh LU(GPOBON MOJIOCOBOM
¢unstp (I1P) barTepBopTa BTOpOro mopsaka, KOTOPBIH HMEET 4acToTy cpe3a M., = 0.4 [pax]

1 ®. =0.6r [pax] mo ypoBHIO 1/ V2 or MakcuMyma AUX.

4. Nana nepenat3aouHast pyHkus uudposoro Gpuibrpa:

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

Ecnmu monmoxkuth, 94TO paccMarpuBaeMmasi BBINIE TepeAar3aoyHas (QyHKIuS mudpoBoro
bunpTpa TMOJyYe€Ha C HCIOJIB30BAHMEM METOJa OWJIMHEHHOTO Z-IpeoOpa3oBaHus, HaWTH
AHaJIOTOBBIM (PUIBTP-MPOTOTHUII, KOTOPBINA OBUT UCTIONB30BaH /ISl €€ CUHTE3a.

5. Jloka3aTh, 4To OmnmHeiiHOe z-ipeoOpa3oBaHue O0TOOpakaeT och j{) p -IUNIOCKOCTH B

€IMHUYHYIO OKPYXHOCTb |z| =1 Z-mIockocTH, a JIEByIO P -NONyIunlockocTh Re(p) <0 p-

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

6. Ucnionp3yss OwIMHEWHOE Zz-TipeoOpa3oBaHWE, CHHTE3UPOBATh IUGPOBOM (HUIBTP
BepxHHX YacToT YeOpiméBa tuna I, crienudukaniy Ha KOTOPBIA MPUBEACHbBI HUXKE:

OS‘H(ej&)‘ <0.1, 0<|a <0.1n,

0.9<|H(e/™)|<1.0, 03n<[df<r.

34



7. HeobXoquMo C HMCHOJIb30BaHWEM OWJIMHEHHOTO Z-TIpeoOpa3oBaHUs CHHTE3WPOBATh
mudposoit @HY, y10BIeTBOPSIIOMNI CIEAYIOMINM CIIeUUDUKALTUSAM:
o, =0.375n [pan], ®; =0.57 [pax], 5, =0.01, 5, =0.01.
Onpenenuth MOPSAIOK aHAIOTOBBIX (UIBTPOB-NPOTOTHIIOB baTtTepBopra, UeOnimea 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 GuabTpa ¢ yactoroi cpesza f,. =150 [I'u] mo yposHio 1/ V2 or Makcumyma AUX u
4acTOTOM quckperusamuu f, =1.28 [kl'm].

9. Tpebyercs paspabotats 1uppoBoii ®BYU barrepBopra Ha OCHOBE MEepeAaTOYHOMN
(yHKINU aHAJIOrOBOro (pUIBTPA-NPOTOTHNIA:
1
Hy,(p)=——.
p+1
Hcnons3yst O6ununeliHoe z-npeoOpa3oBaHUE, MOJIYYHTh MEpPEelaTOYHYI0 (QYHKIHUIO HHU(POBOTO
¢unbTpa ¢ yacroroit cpeza f,. =30 [['n] mo ypoHIO 1/ V2 or makcuMyma AYX u gactoroin

auckperusauuu f, =150 [I'm).

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

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

yacToTa quckperusanuu: 2 [kl'],

nopsiioK puiIbTpa: 2.

3ananue 1J151 CAMOCTOATEIbHON PadoThI Ne 5
WNurepnomnsmus, nenumarys u 6aHKd GUIBTPOB

1. lanbl 1Be nmociaeaoBaTebHOCTA X(1) U y(n), UMEIOLIUE CIECIYIOIUNA BUI:

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

Kak cBsizanbl Mexay co0oit ux z-mpeoOpa3zoBaHus?

2. Jlanbl 1Be mocneaoBaTeNbHOCTU X(7) U y(n), UMEIOLIUE CIEeTYIOIUNA BU:

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

Kak cBsi3anb1 Mmexny co0oit ux z-npeodpazoBaHus?

3. [locnenoBarenbHOCTh  Xx(n), TOJNydeHa MyTEM JHUCKPETH3alUNd  aHAJIOrOBOTO

Y3KOIIOJIOCHOTO CUTHajla ¢ yacToTo auckperusamuu 10 x['m. OpgHako uisi ee MpakTHYECKOIo
UCITOJIb30BaHUsI HEOOXOAMMO, YTOOBl OHa ObUIAa IOJlydyeHa IyTEeM AMCKPETH3allMd TOTo XKe
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curHana, Ho ¢ 4vactorod 12 xI'm. ITocTpouTh M OnpenenuTh OCHOBHBIE MapaMETPbl CUCTEMBI,
KOTOpasi MO3BOJIUT MU3MEHUTh YaCTOTY JMCKpeTH3aluu nociaenosareinbHocTd x(n) ¢ 10 kI'n Ha
12 xI'm.

4. 3Byko3anuch, 3anucaHHas Ha IudpoByro ayauoieHty (DAT), obGnamaer dacTtoToit
muckperu3aruu 48 kI'11, a 3ByK03anuch, 3anucannas Ha komnakT auck (CD), obnamaer 4acToToi
nuckpermzanuu  44.1 x['u. IloctpouTh cucteMy ©  ONPEACIHTh €€ mapamerpbl i
npeoOpa3oBaHus 3BYKO3AIMUCH C YacToTol auckperusanuu 44.1 k'l B 3ByKO3aMUCh ¢ 9aCTOTOU
nuckperusanuu 48 kI'.

5 /lana HekoTOpas NOCIENOBAaTEIbHOCTh X(71), IOJIY4YEHHas IIyTeM JUCKpETHU3aluu
AQHAJIOTOBOTO Y3KOMOJIOCHOTO curHana. CHeKTp NOoCIeqoBaTeNIbHOCTH X(#) YIOBJIETBOPSET
CJIETyIOIIEMY BBIPAKEHUIO:

X(e®)=0, 0.ln<|o|<n.
Jana nocnenoBarenbHOCTh y(n) = x(nN), rae N — uenoe uucno. Haiitn nHaubonbiiee

3HaUeHHe N, I KOTOPOTO IIOCJIEAOBATENbHOCTh  Xx(71) MOXKET OBITh OJHO3HAYHO
BOCCTAaHOBJICHHOM I10 MOCJIEIOBATENBHOCTH V(7).

6. Onpenenuth SBISIOTCS M YCTPONCTBA TIOBBIIICHUS W TOHWXKCHHS YacTOTHI
JTCKPETU3AINH:

a) TMHEWHBIMU CUCTEMAaMU;

0) UHBApUAHTHBIMU K CIBUTY CUCTEMaMHU.

Y CTHBINM OnMpoc MPOBOAUTCS MO BOIPOCAM K 3a4ETY.
1.2. Cucox BONPOCOB U (MJIH) 32IaHUI JIS IPOBeIeHUsI IPOMEKYTOUHON aTTecTauuu
Cnucok BOIPOCOB K 3a4eTy:

Uro Takoe curHan?

dyHIaMEeHTAIbHBIC KOHIIETIIIUY B UG POBON 00pabOTKE CUTHAIIOB.

Xpanenue, 00paboTka u nepenava HUPPOBBIX CUTHAJIOB.

[Tepenava curnaaoB yepe3 TpaHcaTIAaHTUICCKUN Kabenmb Mexay EBpomnoit 1 Amepukoii.

CurHaibl TUCKPETHOTO BpEMEHU M MX HpuMmepbl. CHrHanmbl KOHEYHONH M OECKOHEYHO

JUTMHBI, TIEPUOUYECKIE U HENEPUOANUECKUE CUTHATIBL.

DneMeHTapHbIe OMEPaTOpPhI, UCIOIb3yeMble IMPU 00pPaAOOTKE CHUTHAIOB TUCKPETHOTO

BpPEMEHH.

DHeprusi ¥ MOIIHOCTb.

Paznuna mexay «iudpoBoii» U «aHAJIOTOBOM» YaCTOTAMH.

Bocnpoussenenue 3Byka Ha epcoOHAIbHOM KOMIIBIOTEPE.

0. OCHOBHBIE «CTPOUTEILHBIC» OJIOKH CUCTEM ITU(POBOM 00paOOTKM CUTHAIIOB (CyMMATOp,
YMHOKUTEIb, 3aJIEPIKKA).

11. [Tpumepsl cxeM, TOCTPOEHHBIX U3 OJIOKOB ITU(PPOBOI 0OPAOOTKH CUTHAJIOB.

12. Anroput™m Kapruryca—Crponra.

13. Yto Takoe criexktp?

14. Ocuninsiuuy B pUpoJie.

15. BocnipusiTue oKpy>Karoiiero NpocTpaHCTBA YE€TOBEUECKUM YXOM U TJIa30M.

16. PaznoxeHne curHasia 1o rapMOHUYECKUM KOMIIOHEHTaM.

17. ITocnenoBaTenbHOCTH KOHEUHOM JUTMHBI, TUCKPETHOE TTpeoOpa3zoBanne Dyphe.

18. PazmeTrka 4acTOTHOM OCH.

19. CuHTE3 CUTHAJIOB M TEHEPATOP CUHYCOU/IBI.

SNk W=

o

= 0o~
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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.

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
110 BPEMEHHU.

Anroput™m ObicTporo mpeoOpa3oBanusi Dypbe ¢ OCHOBAHHEM 2 C MPOPEKUBAHHEM
10 4acToTe.

OOm1ast naest OKOHHOTO MpeodpazoBanus Dypbe.

Bomnpocsl, Bo3HUKarOIIME IpU UCIIOJIB30BaHIHM OKOHHOTO ITpeoOpa3oBanus Oypee.
CrnexTporpamma u ee pa3mMeTka.

Hcnons3oBanre OKOHHBIX (PYHKITUN pa3HOMN JJIUHEI.

JlekorpoBaHue ABYXTOHAJIBHOIO MHOTOYACTOTHOTO CHUTHajla, O0aHK (MIBTPOB, CHHTE3
II0JIOCOBBIX (PUIIBTPOB € MCIIOJIB30BAaHUEM METO/A PA3MELIEHUs HYJIEH U TOIIOCOB.
OOu1re moIoXKeHHsI, MAaTEMaTHYECKHI anmapar, kiaccuukanuu udpoBbIX GUIBTPOB.
BUX- u KUX-hunbTpsl (I0CTOMHCTBA  HETOCTATKH).

Caeptka (mepuoanyeckas M JMHEHHas1, cBOMCTBa cBepTkH). [lepenarzaounas GpyHKuus,
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 JIMHEWHOMN 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).
Bcenpomnyckaromiye GpuiabTphl, ©X CBOWCTBA U IPUMEHEHHE.

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

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

Mertoapl cunreza KUX-puibTpoB (METOI OKOH, METOJ YacTOTHOM 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-dpumetpoB w™eromom Ilapkca-Makkiemrana (oOmas  QGopMynupoBka
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-bunbTpoB B 1indpoBoit odaacTu).

CrniocoOb1 3aanus crierduranuii anst cuateza BUX-hpunsTpos.

AHanorosbsle (pUIBTPBI IPOTOTHUIIBI.

@unbtp bartepBopra (kBampar AUX, nepenar3aouHas (yHKIUS, HYJId M IOJIOCA,
yacToTa cpe3a M €€ HaxoXKAEeHue dvepe3 cnenuduxanuu (uiabTpa, 3Tambl CHHTE3a
¢mbTpa, BBIBOA (hOPMYJIIbI HA BEIYMCIICHUE MTOPSAIKA (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
AUYX, mepenarzaouHas (YHKIOWs, HyJIM M TOJIIOCA, YacTOTa cCpe3a, dTalbl CHHTE3a
bunsTpa, BIBOJ (HOPMYJIBI Ha BRIYUCIICHHUE MOPSIKA (PHIbTpa).

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

Cunre3 BUX-hunbTpoB Ha OCHOBE aHAJIOTOBBIX (GMIBTPOB mpoTOTHNOB. (CBOWCTBa
oToOpaXkeHHsI, MPeoOPa30BBIBAIOIIECTO AHATOTOBBIH (GUIbTp B 1HppoBoil. /[Ba crocoOs
nepexoaa ot anajgoroBoro ®HY k xenmaemoMy 1udpoBOMy, YaCTOTHO-U30HUPATEITHHOMY
¢mwieTpy: ®HY, ®BY, [1D, PO.

Meron WHBapMAaHTHOTO MPEOoOpa3OBaHUS HMMIYJIBCHOW XapaKTEpUCTHKU  (0OImas
(bopMyIHpOBKa).

bununeitHoe z-npeoOpazoBanue (00mas GopmMyIupoBKa, rpaduueckas HHTEPIPETAIUs,
KOH(OPMHOE OTOOpaKEHHE, CBONCTBA, COOTHOIICHHWE MEXKIY YaCTOTHBIMHU IIKAJaMU
aHAJIOroBOro U I1M(poBoro (GUILTPOB, JAOCTOMHCTBA W HEIOCTATKU METOJa, ATallbl
CHHTE3a U(PPOBOro (GUIbTPa HA OCHOBE JAHHOTO METOAA).

Cunre3 BUX-dunbtpoB B mudpoBoit obmactu. Meton 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 ¢ [EJIOYHMCICHHBIM  Kod(ddurmmentom M. IlpoexktupoBaHue
U peanu3anus AeumMaropa.

lern wHTEpHoMAIMH C METOYHCICHHBIM KO3 dummentom L. IlpoektupoBanue u
peanu3alys HHTePIOoJIsATOpa.

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

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

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

HenpepsiBHOE BeiiBneT-peodpa3zoBaHue.

JlnagHoe BewBiIeT-peoOpa3oBaHueE.

OcHOBHbBIE IPU3HAKU BEHBIIETA.

OCHOBHBIE CBOICTBA BEUBJIET-aHAIN3A.

JIMcKpeTHOE BEUBIET-IPe0Opa3oBaHue U €ro CBsI3b C KPAaTHOMACIITAOHBIM aHAJIH30M.
Macmrabupytromas pynkius. Beiner-pyHkiusi.

Bbrictpoe BeiliBier-npeoOpa3oBanue. YacTOTHBIM MOAXOJM K BBIOJHEHUIO BEHBIIET-
npeoOpa3zoBanus (anroput™m Majia).

Wneonorust mocTpoeHHs aaroputMa (QUIBTPAllMM Ha OCHOBE BEHBIIET-IIPeoOpa3zoBaHUs
(OCHOBHBIE Tarbl U TApaMETPHI).

AnanTuBHBIA QUIBTP.

OcCHOBHbBIE KOMIIOHEHTBI, BXOJISIINE B COCTAB aJalTUBHOTO (PUIIbTpA.

AJropuTM OBICTpPEHIIIEro CIIycKa.

ANanTUBHBIA aJrOPUTM HAWMEHBIIMX KBAJApPaTOB U €ro cxoauMocTh. [loBepXHOCTH
IPOU3BOIUTENLHOCTH.

[Ipumepsl TpUIOKEHWH aJanTUBHONW O00paOOTKM CHUTHAJIOB (3agada CHUCTEMHOM
UICHTUPUKAIIMY, 3a7a4ya IOAABICHHUS Y3KOIOJIOCHOW TOMEXH B LIMPOKOIOJIOCHOM
CUTHaJe, 3aJaya MOJAaBJIEHUS IIMPOKOMOJIOCHOM TMOMEXH Ha OCHOBE aJalTUBHOTO
caMOHaCTpauBaoLIErocs GpuibTpa).

O6paboTka n3o0pakeHui. YIIyqIlIeHHe U BOCCTAHOBJICHUE N300PaKCHUM.

[Mudposoe nzodpakeHune 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. IIpeobpazoBanue Dypbe 1Isi IBYMEPHOTO CITydasl.

bunsTp,

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

Kpurtepuu onileHMBaHHUsI 0TBETOB Ha BONPOCHI Ousiera

OunarepanbHas

bunsTparms,

. Boicoxkuit
. IIpoaBuHYyTBII
. Iloporoselii ypoBeHb YPOBeHb
Kpurepuii YPOBEHb
(Ha «YIOBJIETBOPHUTEIbHOY) (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 poOIeMBI U | HE XBaTaeT OT/ENb- | OTBET
U3JIO)KEHHEM  Pa3JIMYHBIX  TOYEK | HBIX JJIEMEHTOB U
3peHus. VMmeroTcss oOmmOKH WM | TOHKOCTEH
poOeThlI.

2. OnucaHue nponeAypbl BbICTAB/IEHUA OLIeHKHU

N3yyeHre AWCUMITIMHBI 3aKaHUMBAeTCs 3aueToM. [[7si MOJATOTOBKM OTBeTa Ha BOIPOC
bunera oTBOAUTCS He MeHee 40 MUHYT.
O1LleHKa «3auTeHO» BBLICTABJISIETCS, €C/TH OTBET Ha BOMPOC OWsiera /laH He HIDKe, UeM Ha
TIOPOTOBOM YPOBHE.
OtuleHKa «He 3auTeHO» BBICTABIISIETCS, €C/IA OTBET Ha BOIMPOC OmieTa ZiaH HIDKe, 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
00pabOTKM CHUTHAJIOB» SIBJISAETCS CaMOCTOSITEIbHAas padoTa CTyAeHTa, NPUYEM B JIOCTaTOYHO
o6ombmom oO0weme. [lo BceM TemMaM TpeayCMOTPEHBI 3aJlaHHsl CaMOCTOSITEILHOM padoOThI, HA
KOTOPBIX TPOUCXOAUT 3aKpEIUIEHWEe H3YyYEHHOTO Marepuaja M oOTpadoTKa HEOOXOJUMBIX
HaBBIKOB.

W3ydenue AUCHUIUIMHBI 3aKaHYMBaeTcsl 3a4eToM. OlLeHKa BBICTABISIETCS HA OCHOBAaHUU
ypOBHsI C(POPMHUPOBAHHOCTH YKa3aHHBIX KOMIICTCHIIMHA, KOTOPBIA OIICHUBACTCS KaK CPEIHSI
OLIEHKA 10 COBOKYIHOCTH TapaMeTpOB: OLEHKH 332 CaMOCTOSTEIbHbIC 3aJaHWs M OTBETHl Ha
BOIPOCHI OmIIeTA.

OcBouTh BOMPOCHI JAHHOW JUCIMIUIMHBI CaMOCTOSITENIFHO CTYAEHTY JOCTAaTOYHO
cioxHo. [locemenne BceX MPETyCMOTPEHHBIX JICKIHMA W TPAKTUYECKUX 3aHATHH SIBISETCS
COBEpPILEHHO HEOOXOIUMBIM. be3 yIOpHBIX U perysipHbIX CAMOCTOSITENIbHBIX 3aHATUI B TCUCHHE
CeMecTpa CIaTh 3a4eT MPAKTUIECKH HEBO3ZMOXKHO.



