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

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

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

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

— H3YyYEHME NIPUHIUIIOB TIOCTPOCHUSI MHOTOCKOPOCTHBIX cucteM 11OC;

— HW3yuYeHHE OCHOB TEOPUH BEUBIET-IIPe0Opa3oBaHus,

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

— O3HaKOMJICHHE C 0a30BBIMH BOIIPOCAMU 00PaOOTKU HUPPOBBIX N300paKEHUI,

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

2. MecTo IMCUMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOIi NPOrpaMMbl

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

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

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

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

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

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

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

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

n30MpaTeNbHBIX TU(POBHIX PUILTPOB;

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

METOJ MaTeMaTHYEeCKOTO OIMCAHUS TUCKPETHBIX
CUTHAJIOB c MOMOIIBIO JUCKPETHOTO
npeobpaszoBanus Oypee;

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

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

YMmerThb:

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

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

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

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

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

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

Bnaners HaBbIKAMU:

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




4. O0bém, CTPYKTYpa U coepsKaHue TUCHUTIIHHBI

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

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

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

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

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

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

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

paboTHI

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

JUISL CAaMOCTOSITEIbHOU
paboTHI

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

JUISL CAaMOCTOSITEIIbHOM
paboThI

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

paboThI

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

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

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

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




Conep:xanue pa3iesi0B M CHUILTAHBI

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

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

Tema Ne 2
Huckpernoe npeobpazoBanue Dypoe. brictpoe npeodbpazoBanue Oypoe

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

Tema Ne 3
OxonHoe npeodpazoBanue Dypre

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

Tema Ne 4
Beenenue B iu¢poBbie GUIBTPHI

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

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



Tema Ne 5
CrnennanbHbIe TUTIBI TUPPOBHIX GUIHTPOB

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

Tema Ne 6
Cunrte3 KUX-dunsTpos

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

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

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

Tema Ne 7
Cunre3 BUX-dunbpTpoB

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

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

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

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

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



Tema Ne 8
WNuTtepnonsmus, neuumarnus 1 6aHKu GUIBTPOB

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

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

Tema Ne 9
Teopus BeiBiIeT-NMpeoOpa3zoBaHuUs

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

Tema Ne 10
Teopus aganTuBHON QHIIbTpAIIUN

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

Tema Ne 11
OunpTpanys U yaydiieHue n300paxeHui (OMIHnOHAIBHO)

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

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

Cnncok J1abopaTopHbIX padoT

Cunres unugpossix KUX-puinbTpoB METOA0M OKOH.

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

MHuorockopocTHas 1uppoBas 00paboTKa CUTHAIIOB.

O06paboTka CUTHAJIOB HA OCHOBE BEUBIIET-TIPEOOPa30OBaAHHS.

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

oL E



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

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

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

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

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

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

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

B mpomecce ocymecTBieHHs —00pa3oBaTENBHOrO  Tpolecca MO  AUCHUIUIAHE
HCIIOJIBb3YOTCSA:

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

- mporpammel Microsoft Office;

- Adobe Acrobat Reader.

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

B mpouecce ocymectBieHuss o0Opa3oBaTeNbHOrO  Ipolecca MO  JUCHUIUIMHE
WCIIOJIB3YIOTCS:

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

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

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


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

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

0) 1OMOJIHUTE/IbHAS JIUTEepaTypa

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

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

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

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

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

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

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

ABTOpBI:
[Tpodeccop xadempsr

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


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

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

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

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

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

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

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

a) LludpoBsie cCUTHAIIBI MOKHO JIETKO XPAHUTh.

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

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

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

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

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

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

r) Ctpanuna B 0ObIYHON KHHTE.

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

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

x(n) =

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

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

y(n) =

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

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

10



5. PaccMoTpum (puibTp Ha pUCYHKE MIPEICTABICHHOM HUXKE.

x(n) a b y(n)
+

-1

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

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

Yucnno ocyeroB =

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

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

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

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

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

a) TheWho — Won'tgetfooledagain.

0) Rolling Stones — Wild horses.

B) Ramones — Listen to my heart.

r) The Beatles — A hard day's night.

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

a) IlepBbIiii 00pabOTaHHBIN (PparMeHT.

0) BTopoii o6paboTaHHbIl dhparMeHT.

B) Tperuit 06paboTaHHbIN QparMeHT.

r) YerBepThiii 00paboTaHHbBIN hparMeHT.

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

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

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

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

a) [lepBoiii 00paboTaHHBIN (HhparMeHT.

0) Bropoii o6paboTanHblil hparMeHt.

B) Tpernit 0OpaboTaHHBIN hparMeHT.

r) YeTBepThlii 00paboTaHHBIN (PparMeHT.

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

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

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

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

BpeMeHH curHai, To ectb X(N —n).

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

N
—, k=L
Torma X(k)=4 2" '

0, uHaye.

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

E{ej¢’ k = L,
2

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

0, unaue.

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

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

NX(N —n), unaue.
jﬁnk

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

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

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

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

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

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

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

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

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

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

0, unaue.

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

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

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

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

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

[udps! B mopsake reHepaum:

3ameuanue. [Ipy BbINOIHEHUM 3aaHUS o6paT1/1Te BHUMAaHUE Ha BBIXOJHBIE JIaHHBIE
mocJie TeHepanuu Koja. Bo-mepBrix, nBa rpaduka: rpaduk orubaromieil CUTHajIa BO BpEMEHHOU
obsactu M rpaduK orudarIiel ero aMIMTyAHOTO criekTpa. Bo-Bropeix, B Workspace makera
MATLAB Haxonarcs Tpu NepeMeHHble: AS — aMIUIUTYIHBIA CHEeKTp curHaiza, dtmf —
aHaAJTM3UPYyeMbIil cUTHall (TpU CreHepHpOBaHHbIE LU(PHI, pa3JeNeHHble nay3oi), F's — yacTtora
muckpernsaiuu curHana (curHana Ha IIK mpeacraBiaen B umndpoii popme!). [epBas nudpa
3anucana B suerikax 1-22050 Bekropa dtmf, Bropas — 33076-55125, tperbs — 66151-88200.

14


https://ru.wikipedia.org/wiki/DTMF

[TosTomy ecnu HeO0OXOIUMO OOpPAaTUTHCS, HANPUMEpP, KO BTOPOW IM(pe HYKHO HCIOIH30BATH
koMaHny dtmf (33076:55125), a IJid BBIYMCIEHUS aMIUIUTYAHOrO CIIEKTpa B 3TOM Ciy4yae
MO>KHO BOCIIOJIBE30BaThCa KOMaHnol abs (fft (dtmf (33076:55125))).

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

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

crnenyromue GOpMYIIbL:

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

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

[Ipumep A.

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

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

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

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

BpEMEHU?
Yucno aeyxroueunsix JIID =

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

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

IpOpeKrUBaHueM 1o BpeMeHU? OTBET BBIPA3UTh Uepe3 N .

Ki/Kyp =

Jlonmonnureabnblii Tect Ne 1

BBenenue B cuctemy KkommnbsrorepHoro moaenuposanus MATLAB

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

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

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

00paTHOM TOPSIJIKE.
6) BexTop X Oyzner TpaHCIIOHMPOBAH.

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

r) BekTop X cTaHeT BEKTpOM-CTOIOIOM.

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

KOMAaH 01

x=[12345678910 11 12];

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

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

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

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

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

r) B BexTOp Y 3anumieTcst KaxkJ1plif BTOPOM 3JIEMEHT BEKTOpa X.

16



3. Kakas (xakue) u3 cienymoomux apupmernyeckux omnepanuss B MATLAB sBistorcs
HI03JIEMEHTHBIMH.

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

4. Tonyctum B MATLAB BBITTONTHSIOTCS CIEAYIOIINE KOMaHIbI:

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

B=1[123; 45 6];

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

a)C = A * B;

0)C = A' * B;

B)C = B + A;

r)C = A' + B;

5. [lyctph nana cnepyromias MaTpuna:

16 2 3 13

5 11 10 8
1o 7 6 12|

4 14 15 1

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

16 2
5 11
B= .

9 7
4 14

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

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

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

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

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

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

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

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

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

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

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

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

Pesynbrar cymmupoBanus =

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

Monaynb =

Yron =

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

a) ones (N, M) ;

0) zeros (N, M) ;

B) rand (N, M) ;

r) randn (N, M) ;

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

A = ones (10, 10);

X ones (10, 1);

v = zeros (10, 1);

for 1 = 1:10

for 7 = 1:10

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

end

end

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

a)v = A * x;

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

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

v = ones (7, 1);

w = ones (7, 1);

z = 0;

for i = 1:7

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

end

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

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

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

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

X = ones(7,7);

for i = 1:7

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

end

end

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

6)D = X / 4;

B)B = X ." 2;

rNc =x+ 1;

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

a)plot.

0) surf.

B) mesh.

r) stem.

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

a)title.

0) xlabel.

B) axis.

r) ylabel.

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

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

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

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

" fop —wactotra KOMEOAHUSA

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

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

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

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

X(0) =

X(@) =

X(2) =

X(3) =

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

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

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

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

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

BXOJIHOTO curHana X(n) .

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

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

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

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

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

4

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

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

a) ®HUY.

6) ®BY.

20



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

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

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

®parmeHt A.

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

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

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

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

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

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

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

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

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

A A

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

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

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

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

fl<f2<f3.

21
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0) CreHepupOBaHHBI CHUTHAJ COCTOMT M3 TPEX TapMOHUK Pa3HOM YacTOTHI, KOTOpBIC
CIEeIYIOT B MOpsIKe: rapMoHuKa ¢ yactoToil fg [I'm], 3arem — f, [I'm], nanee — f; [T'u], roe
f1 < fy < f3.

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

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

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

————— ~ & 1 I
TITT W =S

3 I =3, I

o 2 5 113 i

— ———— | T Ele——2
[ 5 1= Jd A&
----- prmm=o= = —p
By /2 0 O, O, Dy /2

0)
s [HE™)
_________ — \ 148, | _ __ sy

——l———=== F—t—d -4 —-————- 4 1

—————— il N\ 1-5. [~ 77  MmMW | |

[ I n [ [ I

I I o o I

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

[Tepexonubie [Tepexonnbie
TTOJTOCHI TTOJTOCHI
B) r)

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

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

a) Oxno bapTtierra.

0) OkHO X2HHHHTA.

B) OkHO X3MMHUHTA.

r) OxHO biskMmeHa.

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

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

[Mopsimok ¢punbTpa =

Makc. otki. AUX B IIIT =

Makc. otkii. AUX B II3 =

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

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

o =33/45.

r) OrpaHnyeHue cCurHaja o aMIuIuTyie BUja:

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

M, unaue.

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

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

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

o =33/45.

r) OrpannyeHue cCurHaia no aMIuIuTyie Buja:

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

M, unaue.

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

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

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

6) UMnynbcHas XapakTepUCTHKa UMeeT OECKOHEUHYIO JUIUHY.

B) Kay3anbHOCTb.

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

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

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

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

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

y=1 =

y@®) =

y(0) =

y(2) =

JlomorHuTeIbHBII TEcT Ne 2
Beenenue B iu¢poBbie PUIBTPHI

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

HIDKE.
H(e®)
1

vo»

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

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

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

24


file:///G:/Андрей/Каф%20ИКР/РПД-1-22/Бакалавры/ИТС_бак/ОЦОС/bachcath.wav

y(n) =

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

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

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

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

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

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

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

YacTtoTHast U130MPATEIbHOCTD:

[Topsaok dpuabTpa = .

Pe3onanchas gacrora = panuas.

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

a) Ucnonb3yeMblil pUIBTp SBIISETCS PEKEKTOPHBIM.

6) Hcnonb3yemblil pUIBTP ABISETCS TOJTOCOBBIM.

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

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

1) O6e rapMOHUKH TTPOITYCKAIOTCS UCIIOJIB3YEMBIM (PHITBTPOM.

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

X(z2) =

3ameuanue. Eciu  o0macte cxomuMocTH  Z-mipeoOpa3oBaHHMsi B OTBETe Oyjer
OTCYTCTBOBAaTh, OTBET 3aCUUTaH HE OyeT!

25



6. Beraucnute oOpaTHoe Z-ipeodpazoBanue X (Z) = , |Z| >04.

1
(1— o.4z‘1)2
x(n) =

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

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

H(z) =

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

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

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

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

T T
COCPENOTOYEH CUTHaN Xq(N), ompesernsercs AnanasoHoM {— 7 Z} paaman, a curHana Xp(n) —

4 4

BapHaHTOB.

3n 3n
[— T, —— |U| —, | paauaH. BeiOepute NpaBWIBHBI OTBET M3 MPEICTABICHHBIX HIKE

-n" D"

x(n) - y(n)
H(e')

a) O6a curHana Xq(n) u X, (N) OyAyT NPOITyCKATHCS CHCTEMOH.

0) Curnan Xq(n) Oyzer mpomyckarbcs CHCTEMO 0e3 U3MEHEHH, a curHal Xo(n) Oyner
OT(QUIBTPOBAH.

B) CurHan X (n) Oyzer mpomyckaTthCs CHCTeMOW 0e3 W3MeHeHuH, a curHai Xq(n) Oyxer
OT(UIBTPOBAH.

r) O6a curnana Xq(n) u Xo(N) OyayT OTGUIBTPOBAHBI CHCTEMOH.
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3ameuanme. [Ipu pemeHnn 3agayul UCHOJB3YWTE YACTOTHYIO oOnacTh. Becmomuute TO,

aro (=1)" = cos(nn) = e J™ , 4 IEPEMHOYKEHHE CUTHAJIOB BO BPEMEHHOM 00JIACTH COOTBETCTBYET
Y

CBEPTKE MX YaCTOTHBIX 00Pa30B B 4YaCTOTHOM 001acTH. JIONOTHUTEIBRHO HEOOXO0AUMO OTMETHTh,
yro npeobpazoBanus Oypee auckpernoro Bpemenu (anri. Discrete-TimeFourierTransform) or

eleon paBHO d(®— (), rae d(®) — menbra-¢pynkuus [nupaxa, a cBepTKa B 4aCTOTHOH 001acTH

9acTOTHOro oOpa3za X(ejm) HekoToporo curHaina X(n) c¢ ¢yskuueit S(d—mdg) nmaer

X(ej(ﬁ)—é)o))_
10. [Tyctes h(n) sBIsieTCSI WUMIYIBCHOM XapaKTEPUCTHKOW HACATBHOTO (QHUIBTpa C

o ~ s
qJacTOTOU Cpe3a ¢ < E paiuaH. Kakas cucrema sBISIESTCS SKBHBAJICHTOM CHCTCMBI,

NPEeCTaBICHHON Ha pHCyHKe HIKe? BpiOepuTe mpaBMIIbHBIA OTBET U3 MPEICTABICHHBIX HIKE
BAPUAHTOB.

x(n) N Yy
—»| | cos En h(n) + >

h(n)

a) Uneanbubiit ®HY ¢ ypoBHem AUX B mojoce npormyckaHusi paBHbIM | M 4acTOTOMN
cpesa o .

0) Uneanpuenii ®BY ¢ yposHem AUX B mosioce npomyckanust paBHbIM 0.5 u 9acToToit
cpe3a mT— Qg -

B) Uneanbupiii ®BY ¢ yposHem AUX B monoce npomyckanus paBHbIM (.25 U 4acToTON
cpesa O .

r) Uneansubiit ®BY ¢ ypoBHeM AUYX B mosioce NpomycKaHUs paBHbIM 1 M 1osiocoit
HpomycKaHus [®q, T—d¢].

1) Uneansubiii ®HY ¢ ypoBHem AUX B mosoce mponyckaHus paBHbIM 1 M 4acTOTOM
cpesa O /2.

e) Uneansubiit ®HY ¢ ypoBHem AUX B mosoce npomyckanust paBHbIM 0.5 u gacToToii
cpesa 20 .

3ameuanme. [Ipy pemeHun 3agaud, BO-NEPBBIX, HEOOXOIUMO BCIHOMHHUTH TO, YTO

1+ cos(2x)

COSZ(X) = . BO'BTOPHX, BOCIIOJIB30BATHCA 3aMCUYAHUCM, YKA3dHHBIM B 3aJ1a4€ Ne 9.

B-Tperbux, BCOMHHTH, 4TO KackajaHoe (rmocienoBarenbHoe) coenunenue AByx JIMC-cucrem
OPUBOIUT K TEPEMHONKEHHIO WX TMEPEAaTOYHbIX (PYHKIMN (JaCTOTHBIX XapaKTEPUCTHUK), a
napajuieIbHOE — K CII0KSHHIO.

Tect mo Teme Ne 5
CrietnanbHbIE THITHI TUPPOBBIX QUIBTPOB

1. HapucoBats AUX wuneanpnoro ®BY na unaTepBane ot 0 mo 4n paauas. [lonoxuth
4acToTy cpe3a GuinbTpa paBHOM 3HaueHuto .57 paguaH.

27



OtBer H300pasuTe HUKe!

3ameuanue. [Ipy u3o0pakenuun AUX 00s3aTeNbHO TOANUIIATE OCA U CIUHUIIBI
n3Mepenus no HuM. [Ipu oTcyTcTBUU TpeOyeMoro, OTBET 3acUnTaH He OyeT!

2. 3anyucaTh MaTeMaTHYeCKOE BBIPAKEHME, ONMCHIBAIOIIEE TPYIIIOBOE BpeMs 3aJEpiKKH
(rpynnoByro 3a1ep>KKy) JIMHEHHON NHBAPUAHTHOM K CABUTY CUCTEMBI.

T (6)) =

3.Kak B oOwmem ciydae BBINVIAIAT YCIOBHS O€3bICKOKCHHON Iepelayd CUTHAJIOB.
BeiOepuTe npaBuiIbHBINA OTBET U3 BAPUAHTOB, ITPEJCTABICHHBIX HIKE.

a) y(n) =k-x(n).
6) y(n) =k-x*(n—np).
B) y(n)=k-x(nh—ng).
r) y(n) =x(n—ng).

4. Kakyro ¢opmy ummeror AUX u OUX uudpoBoro dunbrpa s ciaydas, Korjaa
BBITOJIHSIOTCS YCJIOBUS O€3bICKaKEHHOM Iepeiadl CUrHanoB? BeiOepuTe NpaBUIIbHBIN OTBET U3
BapUaHTOB, MPEACTABIECHHBIX HUXKE.

a) AUX u OUX sBusoTca JMHEHHBIMM B IIpeneiax 3aJaHHOM o0JacTu 4acToT,
3aHUMAEeMOM CIIEKTPOM CUTHAJIA.

0) AUX u ®UX sBISAIOTCA TMOCTOSHHBIMH B Tpeleiax 3aJaHHOW 00JacTH dacTorT,
3aHUMAEeMOM CIIEKTPOM CUTHAJIA.

B) AUX sBnsierca nuHeliHod, a ®UX sBisercs NOCTOSHHOM B Ipenenax 3aJaHHOU
00J1aCTH YacTOT, 3aHUMAEMOI CIIEKTPOM CUTHAJIA.

r) AUX sBnsercs noctosHHOM, a @UX sBisercs JIMHEWHON B Ipenenax 3aJaHHOU
00J1aCTH YacTOT, 3aHUMAEMOM CIIEKTPOM CUTHAJIA.

5. Kakoil u3 aByX cmHekTpoB HeceT Ooibiie uHpopManuu o curHaie? BriGepute
IIPaBUJIbHBIN OTBET.

a) AMIUTUTYHBIN CIIEKTP.

0) ®a30BbIii CIIEKTP.

3ameuanme. [Ipu oTBeTe Ha Bompoc 00s3aTEIBLHO BCIIOMHMTE aHOHC K Jekiuu «KNX-
¢unbTpel ¢ muHeHOM OYX», npeacTaBieHHbIA HA CTpaHUIIEe Kypca.

6. [lns xakux (QUIBTPOB TPYNIIOBOE BpeMs 3aJepKKH (TPYNIOBas 3aJepiKKa) paBHO
KoHcTaHTe? BriOepuTe npaBUIIbHBIN OTBET (OTBETHI) U3 BApUAHTOB, MPEACTABIECHHBIX HUXKE.

a) Bcenpomyckarorue GuIbTPHI.

6) KUX-dpunbTpsl ¢ nuneitHoit ®UX.

B) KUX-bunbTphl ¢ cMUMMETpUYHON UMITYJILCHOM XapaKTEPUCTUKOM.

r) KUX-punpTphl ¢ aHTUCUMMETPUYHON UMITYJIbCHOW XapaKTepUCTUKOM.

7. Ilycts Hob KUX-punbTpa yerBeproro mopsjaka c¢ JuHeiHoit dUYX HaxomuTcs B
. T

Touke Zp=2-8 2. B Kakux Toukax OYyIyT HaXOIWTbCS OCTABLIMECS HYJIU (DHIBTPA,

MIpEeArNoaras, 4To €ro MMIyJIbCHAsI XapaKTepUCTUKA SIBJISETCS BEIECTBEHHON?
Hynu:

8. s xakux u3 caenyromux TunoB KUX-¢unetpoB ¢ muneliHoir dUYX BO3MOKEH
cunte3 ®BY? Bribepute npaBuiibHbIN OTBET (OTBETHI) U3 BAPUAHTOB, IPEICTABICHHBIX HUXKE.
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a) Gunbtp THNA |.

0) @uneTp THNA |1
B) @unbTp Tuna 1.
r) @unetp THIA IV.

9. Kakue u3 cinepyrommx ¢uiabTpoB OyayT umeTh AUX paBHYHO KOHCTAaHTE BO BCEM
JIUarna3oHe 4acToT. BeiOepuTe mMpaBUIBHBIA OTBET (OTBETHI) U3 BapUAHTOB, MPEICTABICHHBIX
HUXKE.

a) Becenpomyckaromue GuibTpsbI.

0) KUX-bunstpsl ¢ muHeitHO OUX.

B) KUX-¢dunbtpsl ¢ HenuneitHoi OUX.

r) KUX-bunbtpel ¢ CUMMETPUYHOM W AHTUCHUMMETPUYHOM  HUMITYJIBCHOM
XapaKTEPUCTUKOM.

10. Kakue u3 ¢uiabTpoB, OmMCHIBaEMbIX NepenaToyHbiMU (yHKuuamu H(z) Huxe,

ABIIIOTCS BCEMpPOITyCKaloUMMHU. BpiOepuTe mpaBWIIbHBIA OTBET (OTBETH) M3 BApUAHTOB,
MPEACTABICHHBIX HUXKE.

_1 %
Z " —a o
a) H(z2) = ———q» T/l€ & — KOMIUICKCHBIH ko3 durmeHtT, cumBosn * 0003HaAYAET
l-a-z~
KOMILIEKCHOE COTPSIKCHHE.
1-a-zt o *
0) H(2) = —1 5 e & — KOMIUIEeKCHBIN KOd(pUITMEHT, CUMBOJI * 0003HaAYaeT
Z " —a
KOMIUIEKCHOE COTIPSIKCHHE.
d-c.z714+772 .
B) H(z) = 1 5 Tae d u ¢ — BemiecTBeHHBINH KOI(DDUIIUCHTEI.
l-c-z " +d-z~
1-c-z7t4d.272 .
r) H(z) = I 5> e d u ¢ — BemecTBeHHBINH KOI()PUIIUCHTEI.
d-c-z - +z2~

11. Ilycts momroc BcempoIlycKaroulero (puibTpa BTOPOTO MOpSAKAa HAXOAUTCS B TOUKE
. TC

2, =05-¢ 2. B kakux Toukax OyIyT HaXOJUThCA HYIM M TOIIOCHI, IpEAronaras TO, 4TO

K03 PUIIMEHTH! peKypCUBHON M HEPEKYPCUBHON YacTell puiabTpa sIBISAIOTCS BEIIECTBEHHBIMU?
Hymu:

Tlomrocwr:

12. Kakoit u3 ¢uiIbTpoB MOXKET OBITH HWCIOJNB30BAaH IS BHIPABHUBAHUS TPYIIIOBOM
3aJepKKU TpH KOMIEHcaluu (Ha30BbIX HeNMHEHHOcTel. BpiOepuTe mNpaBUIIBHBI OTBET U3
BapHaHTOB, IPEJCTABICHHBIX HUXKE.

a) Becenponyckaromiye GuibTpsl.

0) KUX-punetps! ¢ muHeitHOM OUX.

B) KUX-¢punbtpsl ¢ HenuneitHoi OUX.

r) KUX-punpTpsl ¢  cUMMETpUYHONH W AHTUCUMMETPUYHOM  HMMIYJIbCHOU
XapaKTEPUCTHKOM.

13. Heo6xonumo cunte3upoBats 1udposoit KUX-hunabtp BepXHHUX 4acTOT, KOTOPBIH

YIOBIIETBOPSIET CICAYIOIINM CTICTIU(UKAIISIM:
&, =0.18x, &, =0.22r, §,, =0.01, 5, =0.001.

29



Jns pacyera KO3(PPHUIUEHTOB UMIYIbCHOM XapaKTEPUCTUKU BaM PEKOMEH]YIOT HMCIOJIb30BaTh
METOJI OKOH M OKOHHYI (yHKIUIO biskMeHa, a 4acTOTHYIO XapaKTepUCTUKY HIEaIbHOIO
¢mibTpa 3a1aTh B BUJIE!

- jod

i e , |0 <@,
H u (e J(D) = | | ¢
0, 0< |6)| <
Onpenenure nopsaok ¢uiastpa, ero tum (1, 11, 1, IV) u Bo3moxHOCTh cHTe3a DBY (B0O3MOKHO

VI HEBO3MOXKHO) JJIsl TOJIYYCHHOTO THIIA, MPEIoJiaras, 4To HCKYCCTBEHHOTO W3MEHEHUS
YETHOCTH MOPSAKA HE IPOUCXOIUIIO.

[Mopsimok ¢punbTpa =

Tun ¢punsTpa:

Bo3moxHocTh cunTe3a @BY:

14. Kakue u3 GUIBTPOB C UMIYIBCHBIMUA XapaKTEPUCTUKAMHU, MPEACTABICHHBIMUA HUXKE
uMeroT, JauHeiHyro ®OUX? Beibepure npaBuiIbHBIA OTBET (OTBETHI) W3 BAapUAHTOB,
MPEICTABICHHBIX HUXKE.

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

6) h(0) =1, h(l) =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-dpunbtp ¢ nmuHeitHoit ®YUX obsagaeT crieayromuMi CBOHCTBAMHU:

—h(n) — nelictBuTenbHas uMIynbcHas Xapakrepuctuka, h(n)=0 mpu n<0
urpu N>9;
5
- > (=D h(n)=0;
n=0
~H(z) =0 B Touke z =0.7eJ%/4;

T
- [HE®)do = 4n.
-7
Omnpenenure tun (1, 11, 11, IV) storo punsrpa.
Tun gunerpa:

3agaHue /151 cCaMOCTOATEIbLHOM padoThl Ne 1
HuckpetHoe npeobpazoBanue Pypobe. beictpoe npeodbpazoBanue Oypbe

3amaHusl A CaMOCTOSITENIbHOW pabOThl MOTYT OBITh B3AThl M3 TIJaBbl Ne 4 KHUTH
Xpsmes B. B., I[Ipuopos A. JI., Bonoxos B. A. OcHoBbl Teopuu ueneil: cOOpHHUK 3agad. —
SApocnasne:  SApl'Y, 2008. Ilpennmaraemble ans peuieHus Homepa 3azad Ne 2.36-2.45
pacmnioioxkensl Ha cTp. 47—49. CamocTosTenbHas paboTa MOKET OBITh JIOMOJIHEHHOW 3a7ja4aMu
no teme «bricTpoe mpeobpazoBanue Oyprey. ITH 3a1a4K IEPEUUCICHBI HUXKE.

1. IlpeanonoxuM, 49TO KOMNIEKCHOe YMHOJCeHue 3aHUMaeT | MKC, a Takxke TO, 4TO
BpeMmsi, 3arpaunBaeMoe Ha Bbruucienue JIID, omnpenensercs TOIBKO YMHOKEHUSIMH,
HEOOXOUMBIMU JIJIS €r0 pacyera.

a) CKOJTbKO BpEMEHH B CeKyHaax 3aitmeT Bbrancienue 1024-roueunoro 1D vanpsmyro,
TO €CcTh 0e3 UCTOIB30BaHUS ATOPUTMOB ObIcTporo mpeodpazoBanus Oypre (bIID)?
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0) CkonbKO BpeMEHHM B ceKyHAax 3aiiMeT Bwlumcienue 1024-troueunoro IO ¢
ucnonb3oBanueM anroputma bII® ¢ mpopexuBanrem no BpeMeHu (1o 4actote)?
B) [ToBTOpHUTH MyHKTHI @) 1 0) st ciryyast 4096-Toueunoro JAI1D.

2. PeueBoii curHan mpoaucKpeTu3upoBaHHbIl ¢ yactoToi 10 k['m oOpabaThiBaeTcs B
peKHUME pearbHOro BpeMeHU. YacTh BBIYHMCIECHUN 3aTpauyuBaeTCsi Ha HAKOIJICHHE OJIOKOB,
cocroamux u3 1024 3HaueHuid peueBoro curHana, u BeruuciaeHue 1024-roueunoro HIID, u
1024-toueunoro OJIID. [Ipeamonoxum, 4To BpeMs, 3aTpauydBaeMO€ Ha BBHITIOJIHEHHE OIHOTO
gewecmeenHno2o ymMHoxcenus, coctapiger | mxc. Kakoe KoamuecTBO BpPEMEHHM B CEKYHAAX
ocTtaeTcsi Ha 00pabOTKy AaHHBIX, eciau cuuTaTh, uro JAIID u OAIID yxe Bbrumciens? [lpu
pPELIEHUH 33/1a4d MPEAINONa0XKUTh, yTo 11D BbIuMCHsAETCS ¢ UCHOJIb30BaHUEM anroputma bIId
C MIPOPEKUBAHUEM 110 BPEMEHH (I10 YACTOTE).

3ameuanue. [Ipu pemennu 3agaun oOpaTUTh BHUMAaHKUE HA TO, YTO B OTJIMYHE OT 3aJa4K
Ne 1l mo ycnoBuio 3a7aHO BpeMsi Ha BBIYMCIIEHHE OJHOTO BEIIECTBEHHOTO YMHOXEHHS, a He
KOMIUIEKCHOT0. OJHO KOMIUIEKCHOE YMHOXEHHE COCTOMT W3 UETBIPEX BEIIECTBEHHBIX
YMHOXXEHMII M TpeX BEUIECTBEHHBIX CIIO)KEHUI. BpemeHeM Ha BBINOJHEHHE KOMIUIEKCHBIX
CJIOKEHMH MIPH pEIIeHNUH 33a]]a4l [TpeHeOpeyb.

3. Jluckpernsanysi CUTHAJIa HENPEPBIBHOIO BpeMEHU Xg(t) mosBomster 3a 1 cexyHay

CreHEepUpPOBaTh MOCIIEN0BATENBHOCTD U3 4096 0TCUETOB.
a) KakoBa BepxHss dacToTa curHanza Xg(t), eciu HpPeAnosokKHUTb TO, YTO OH ObLI

MIPOJIUCKPETU3UPOBAH 0€3 HAIOKEHUS CIIEKTPOB?

0) [Tycte 4096-Toueynoe JIIID Bbruuciaeno. Yemy paBeH 4YaCTOTHBIM HMHTepBas (Iuar
CEeTKH 4acToT) B repuax Mexmy kodpournuentamu I1D.

B) [IpennomnosxxuM, 4To MbI 3auHTEepecoBanbl B koadunmentax 1D, cooTBeTCTBYIOMMX
yactroTHoMy nuana3zoHy 200< f <300 ['m. Kakoe KOIHYECTBO KOMMIEKCHbIX YMHOMCEHUL
noTpedyeTcss sl BBIYUCICHUS OTUX KOA(D(UIMEHTOB HAMpsIMYI0 U C HCIOJIb30BAHUEM
anroputma bII® ¢ npopexxuBaHueM 1o BpeMeHHu (110 yactore)?

r) [Ipy kakom konmuyecTBe BbIYMCISEMBIX Kod(pduiuento M amnroputm BIID ¢
IPOPEKMUBAHKUEM IO BpeMeHH (1o yacrore) Oyner addextuBHee nmpsimoro Beluucienus JI1D?
Onpenenuts M a1 ciydas nociaeaoBarenbHOCTh U3 4096 oTcueTos.

4. Hekoropeie u3 %N logy, N ymuoxenuit B anroputme BII® c mpopexuBanueMm 1o

BpeMEeHM ([0 4YacTOTe) MpeACTaBIsAOT yMHOXeHus Ha =+1. Anroputm BII® Bo3moxkHO
peanu3oBath Oojiee 3(PQPEKTMBHO MyTEeM HAMMCAHUS MPOrpaMMbl, KOTOpas CHEIHaIbHO
UCKJTIOYAeT 3TH YMHOKEHUSI.

a) Kakoe xommuecTBO yMHOXEHUH MOHAAOOMUTCS HpHU BbluucieHun 8-toueynoro TP
c ucnoib3zoBanuem anroputMa bII® c mpopexuBaHueM Mo BpeMeHU (IO YacTOTe), €CIu
YMHOXEHUS Ha £1 OyayT UCKIIIOUECHBI.

0) Pemuth nyHKT a) /u1s ciayvas 16-roueunoro JI1®.

5. Z[aHa OoCICaJ0BaTCIbHOCTD x(n) , COCTOAIIasA M3 8 orcueroB. Onmcarh BBIYKMCICHHE

JIID 3Toi1 mocnenoBaTesbHOCTH ¢ HCnoyb3oBaHUEM anroputMa bIID ¢ mpopexuBanuem 1no
yactote. Hapucosarts HampasienHslil rpad anropurma BII® g paccmarpuBaemoro ciayyasi.

3aganue 1J1s1 CAMOCTOATEIbHOI padoThI Ne 2
CrenanbHble TUTBI HUPPOBBIX QUIBTPOB

3amaHust A CaMOCTOSITENBHOW pabOThl MOTYT OBITh B3AThl M3 TJaBbl Ne 4 KHUTH
Xpsmes B. B., [Ipuopos A. JI., Bonoxos B. A. OcHoBbl Teopuu uemneil: cOOpHUK 3agad. —
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Spocnasne:  Spl'Y, 2008. Ilpemnmaraemble s pemeHuss Homepa 3axad  Ne 4.1-4.21
pacnosioxkeHsl Ha cTp. 95-101.

3aanue 1J1s1 CAMOCTOATEIbHOM padoThl Ne 3
Cunte3 KUX-punbtpos

1. CunresupoBars MeToioM OkOH KUX-GunbTp HWKHUX 4acToT ¢ JuHelHo PUX,
YJIOBJIETBOPSIIOIINI CIIEAYIOLIMM ClelUDUKALUAM:

O.99§‘H(ej6’)‘ <1.01, 0<|@d| <0.197,

‘H (ejd’)‘ <0.01, 0.2l <|df <.

2. Cunresupoath MeTooM okoH KUX-dmibtp ¢ nuneitnoit ®UX nopsinka N =24, s
anMpOKCHMAIIUHN YaCTOTHOM XapakTepucTuky puibrpa ¢ AUX, npuBeeHHON HUXKe:

1, |6)| <0.2mx,

0, 0.2n <[ <.

H, @)

3. Ucnionb3ys meron okoH cuHTe3upoBaTth KUX-QuibTp BEpXHUX 4aCTOT MUHHUMAIBHOTO
HOpsiZKa C TPaHWYHOH YacToToi B monoce 3anepxuBanust (I13) @, =0.227, rpaHH4YHON

yactoroii B mosnoce npomyckanus (I1I1) @, =0.28w, u orknonennn AYX ot 0 B [13 5, =0.003.

4. Cunre3upoBath MeToqoM OKOH KUX-puibtp HMKHUX 4YacToT c JuHedHOM PUX,
YJIOBJIETBOPSIIOIINHN CIIEAYIOIIMM crelupUKALUAM:

O.99§‘H(ej6’)‘§1.01, 0<

@ <0.3n,

(1)|Sn.

‘H (ejd’)‘ <0.01, 0.351 <

5. Beruncnuth mapametpsl okHa Kaiizepa B u N mis cuateza ®HY ¢ gacrortoit cpesa
Oc =mn/4, orkmonennem AUYX or 0 B II3 3, =0.01 u mMPUHON NEPEXOAHOH IMOIOCHI
A®=0.02r.

6. Beruuciute mapamerpsl okHa Kaiizepa B u N mis cunreza ®HY ¢ yacroroii cpesa
¢ =1/2, orkionernnem AUX ot 0 B I13 &, =0.002 u mupuHOit mepexoaHOi mMojgockl A® He

npessimatomied 0.17.

7. PaccmoTpuMm monocoBoi GuIbTp, 00NaaOmUi crenuUKAIUIMH MPUBEACHHBIMU
HIDKE:

‘H(ej‘b)‘so.m, 0<

6)|S0.2n,

0.95< ‘H (ejd’)‘ <1.05, 0.3t <|d

Co|£n.

a) CunresupoBath MetogoM OKOH KUX-punbrp ¢ nuneitHot @OUX 1o 3agaHHBIM
cnenn(uKanusaM ¢ UCIOIb30BaHNEM OKHA biskMeHa.
0) CunresupoBath MerogoM OkoH KUX-bpunbtp ¢ nunedtHot @OUX 1o 3agaHHBIM
cneunduKanusaM ¢ UCoIb30BaHuEM oKkHa Kaiizepa.

<0.7m,

‘H(ejé’)‘ <0.02, 0.8 <
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8. PaccMOTpuM pekeKTOpHBINA (HIBTP, 00JaAatonMi cennruKkanusiMu MpuBeICHHBIMU
HIDKE:

0.95£‘H(ej‘b)‘ <1.05, 0<[@<0.2x,

‘H (ej‘b)‘ <0.005, 0.2 <|@ < 0.75r,

0.95 <|H(e1%) <105, 0.8r<[df<~.

Cunte3upoBarb MeTogoM 0koH KU X-dunstp ¢ nmuueitnoit ®UX mo 3agaHHbIM crienu(puKanusM.

9. CunTte3npoBarh MeTOI0OM OKOH mosiocoBoit KUX-punetp Trna 2 ¢ nuneiinon ®YX,
YIOBJIETBOPSIOIINI CIEAYIOIINM CHEIN(PUKAIHAM:

A

‘H(eja’)‘ <0.0050, 0 < |&| < 0.1x,

0.995 < ‘H (ej‘b)‘ <1.0050, 0.251 <

6)|S0.67:,

Co|£7:.

‘H (ej‘b)‘ <0.0025, 0.87 <

10. CunTe3upoBarh MeTOo0M OKOH MHOTomosocHbi KUX-dunetp ¢ nuneitnoit ®UX,
YJIOBJIETBOPSIIOIINHN CIIEAYIOIIMM CrelUpUKALUAM:
o

0.99 < ‘H (ejd’)‘ <1.01, 0< ¢ <0.3x,

‘H (ejd’)‘ <001, 0.351 <

@[ < 0.557,

63|Sn.

0.49 < ‘H C 1‘5)‘ <051, 0.61<

11. Kakyto OKOHHYIO (QYHKUHMIO ((YHKIMH) MOXHO HCHOJIb30BaTh Ui cuHTe3a KUX-
(GunapTpa HMKHUX 4YacTOT ¢ rpaHu4yHON wactorod B III1 ®, =0.357t, mmpuHOIl mepexomgHoN

nosocsl A® = 0.025n u makcumanbHbM oTkIIoHeHHeM AUX ot 0 B T13 &, = 0.003.

12. Ucionp3yss MeTon  OKOH  cuHTe3upoBaTh KUX-QuimeTp HWKHHX  49acTOT
MHHUMAJIFHOTO TIOpsijika ¢ rpaHudHoi gactotoit B [1I1 ®,, = 0.457, rpanuuHoit yacroroit B [13

®, =0.51 1 MakcumanbHbIM oTKIIOHeHHeM AUX ot 0 B [13 5, =0.005.

13. CuntesupoBars MeTofoM OoKOH KUX-¢punbTp HmKHUX "acToT ¢ jauHenHoW DUX
nopsinka N =128, rpannunoit wacroroir B Il &, =0.48n, rpanuunoii wacrortoii B II3

®, =0.521, ucrmonp3ys JUIA aNNPOKCHMAalUM YacTOTHOW XapaKTepHCTHKHA (QHIBTPa OKHO
Kaiizepa.

14. Heo6xomuMo  mpou3BecTH  (MIBTPALMIO  aHAJIOrOBOTO  CHUTHAla Xa (1)

C HCMOJB30BAaHUEM aHaNoroBoro ¢uibrpa HWKHUX dYactoT (PHY) ¢ wacroToii cpesa
f. =2 xI'n, mmpunoil mnepexonnoi mnonocsl Af =500 ['m ¥ MUHMMANBHO JOIMYCTHMBIM

3atyxanueM B II3 o, =50 nb. PaccmaTpuBaemblii aHalOroBBIi (UIBTP peEaln30BaH B
nu(ppoBOM BHJIE, KOTOpBIM IMpenacraBieH Ha puc. 1. CunresmpoBaTh HUGpoBOH GUILTP C
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yacTOTHOH xapakTepuctukoit H(e!®), neo6xomumslii mns peanusanuu aHanzorosoro ®HY ¢
yKa3aHHBIMU BbllIe crenuukanusaMu. Yactoty quckperusanuu f, momoxuts paBHoi 10 kI

v AL

X (t) x(n) oy A0
—»| Al P HEY) P oan

Puc. 1. CtpykrypHas cxema k 3agaue 14

3aganue 119 caMocTosITe1bHOM padoThl Ne 4
Cunre3 bBUX-dpunbpTpoB

1. HailTu MMHMMaJbHBIA MOPSIOK U 4YacTOTy Cpe3a 10 YPOBHIO 1/ J2 or MaKkCUMyMa

aMIUIMTYIHO-4aCTOTHON  xapaktepuctuku (AYUYX) anamoroBoro ¢unstpa bartrepBopra,
YIIOBJIETBOPSIOIIETO CIEAYIONIMM Clenn(UKAUAM:

IH,(j€)[=0.95, Q=16m,
IH,(j©)[<0.1, Q=24r.

2. Ucnone3ys OunuHelHOe Z-mipeoOpa3oBaHHE CHHTE3UpOBaTh LUGPOBON  (UILTP
HkHUX 4actor (DOHY) barrepBopra mnepBoro mnopsiika, KOTOpPBIM HMEET 4YacToTy cpesa

®,. = 0.5 [pax] no ypoBHIO ZI/ J2 or Makcumyma AUX.

3. Ucnone3ys OunuHeitHoe Z-TipeoOpa3oBaHUE CHHTE3MPOBATH LHUQPPOBOI MOIOCOBOU
¢unstp (I1P) BarrepBopTa Broporo nopsaka, KOTOpblil HIMEET 4acToTy cpe3a @, = 0.4n [pan]

u ®, =0.6n [pan] no ypoBHIo ]/ J2 or makcumyma AUX.

4. Jlana nepenarouHasi GyHKIus udpoBoro GuibTpa:

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

Ecnu monoxuts, 4to paccMmaTpruBacMasd BBINIC IICpEAATOYHAA q)YHKI_H/IH I_II/I(I)pOBOFO
bunpTpa MOJy4YeHAa C HCIOJIB30BAHMEM METOJa OWIMHEWHOTO Z-TipeoOpa3oBaHUs, HAWTH
AHAJIOTOBBIN (1)I/IJ'H>Tp-Hp0TOTI/IH, KOTOpBIfI OBLJT MCIIOJIB30BAH ISl €€ CUHTE3a.

5. JlokaszaTb, 4To OMJIMHENHHOE Z-TipeoOpazoBaHUE OTOOpaXkaeT och JC2 P -IUIOCKOCTH B

COMHMYHYI0 OKPYKHOCTb |2| =1Z -mnockoctn, a znesyro [)-momymiockocts Re(p) <0 p-

IIJIOCKOCTHU BO BHYTPb €TMHUYHOMN OKPY’KHOCTH Z| <1 z -mockocTH.

6. Ucronp3yst OwmnuHEHOe Z-TipeoOpa3oBaHWe, CHHTE3WPOBaTh IHQPPOBOH (HUIBTP
BepxXHHUX YacToT YeOriméBa Tuna |, crienudukanuy Ha KOTOPBINA MPUBEAECHBI HUXKE:

os‘H(ejé’)‘ <0.1, 0<|@<0.1x,

0.9<|H(e!) <10, 03r<|af <.
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7. HeoOX0omuMO € HCIOJIB30BaHUEM OWIMHEHHOTO Z-peoOpa3oBaHMUs CHUHTE3MPOBATH
nudposoit ®HY, yoBiaeTBOPSIIONTNIN CISAYIOMNUM CIICTH(PUKAIISIM:
®, =0.375n [pan], ®; =0.5x [pan], §,, =0.01, 5, =0.01.
OnpenenuTs MOPSAAOK aHAJIOTOBBIX (MIBTPOB-TipoToTHIIOB barrepBopra, UeOsimena tuna | u
tuna |l, 3onorapeBa-Kayspa, koTopbie MOryT OBITh MCIIOJIb30BaHbl A CHHTE3a (WIbTpa IO
3aJaHHBIM CHICIH(PHUKALINIM.

8. Tpebyercss pazpaborare mudppooii @HY barrepBopra Ha OCHOBE MEpPEAATOYHOMN
(GYHKIMH aHATOTOBOTO (DPUIIBTPA-TIPOTOTHIIA:

Ho(p)=—

p2 +2 p+1 '

Hcnone3ys OwnmHelHOe Z-mpeoOpa3oBaHUE, MOJYYUTh MEPeNaTOYHYI0 (YHKIUIO
nudposoro ¢unbrpa ¢ gactoroi cpeza f. =150 ['u] no ypoBHIo 1/ J2 or Makcumyma AUX u
yactoToi quckperusanuu fy =1.28 [xl'n].

9. Tpebyercs pazpadorars nudposoit ®BYU barrepBopra Ha OCHOBE NepeaaTOYHON
(GYHKIIMHM aHAJIOTOBOrO (PUIBTPA-IIPOTOTUIIA:
1

H -
a(P) ~)

Hcnone3yst OunuHeHOe Z-mipeoOpa3oBaHUe, MOMYYUTh NepenaToyHyto (QYHKIUI0 IHUGPOBOTO
¢unbTpa ¢ yacroroit cpesa f. =30 [['u] no yposHIO 1/ J2 or Makcumyma AYX u uvacroToi

muckperusanuu fy =150 [T'n].

10. Pazpaborats, wucHonp3ys OwimHEelHOe Z-mipeoOpa3oBanue, uudppoBoir 1D
bartepBopTa, yI0BIETBOPSIONUIUI CIEAYIOUUM CIIEIHUPUKAIUSAM:

nosioca nipormyckanusi: 200-300 [,

yacToTa guckpetusanuu: 2 [kl'],

MOpsAIOK GuiIbTpa: 2.

3agaHue /151 CAMOCTOATEIbLHOM padoThl Ne 5
WuTepnomnsuus, renumanis 1 0aHKd GUIBTPOB

1. Mans1 n1Be nocnenoBarenbHOCTH X(N) U Yy(N), UMEIOIIUE CICTYIOIINI BU/I;:

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

Kak cBs3aHbl Mex1y co00ii ux z-npeoOdpazoBaHus?

2. lanbl 1Be nociieoBarenbHocTH X(N) U Y(N), IMEIOIINE CIEAYIONUN BU/:

1, n>0,
x(n) = {O, n<0o,
y(n) = x(3n).

Kak cBsi3anb1 Mmexy co0oit ux Z-npeodpazoBaHusi?
3. [locnenoBarenpbHOCT,  X(N), TOJNydeHAa TMyTeM JUCKPETHU3alMUd  aHAJIOTOBOTO

Y3KOIOJIOCHOTO CUTHaja ¢ yactoTod auckperusanuu 10 x['m. OpgHako [yt €€ MpakTH4ECKOro
HCIIOJIb30BaHUsl HEOOXOAMMO, YTOOBI OHa OblUla MONydeHa NYTEM AMCKPETHU3AallUU TOTO JKe
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curHana, Ho ¢ yactoroil 12 xI'u. Iloctpouts M onpenennuT OCHOBHBIE NApaMeTpbl CUCTEMBI,
KOTOpasi MO3BOJIUT U3MEHUTh 4acTOTY JUCKpETH3auuu nocienoBaTesnbHocTH X(N) ¢ 10 k' Ha

12 x['w.

4. 3Byko3anuch, 3anucaHHas Ha 1udpoByio ayamonenty (DAT), obnamaer yactoToii
nuckpernsanuu 48 k11, a 3ByKo3amnuchk, 3anucanias Ha komnakt auck (CD), o6nagaer yactoToit
muckperusanuu - 44.1 k['u.  Iloctpouths cucteMy M OIpeneiIuTh €€ IapaMeTpbl s
npeoOpa30BaHMsl 3BYKO3AIMUCH C YacTOTOM nuckperu3anuu 44.1 k['11 B 3ByKO3anmuch ¢ 4aCTOTOH
nuckperuzaruu 48 k.

5 Jlana HeKOTOpasl MOCIeN0BaTeIbHOCTh X(N), MONy4eHHas MNyTEM JAUCKPETU3ALUU
AQHAJIOTOBOTO Y3KOIIOJIOCHOIO curHana. CHekTp mnocienoBaTenbHOCTH X(N) yAOBIETBOPSET
CJIEIYIOLIEMY BBIPAXKEHHIO:

X (e1®) =0, O.1n<|u)| <T.
Hana nocnenoBarenbHOCTh Y(N) = X(NN), rme N — nenoe uncno. Haiitn nanbonbiiee

3HaueHne N, I8 KOTOPOro IocCienoBaTeNbHOCTH  X(N) MOXET OBITh  OJHO3HAYHO
BOCCTAHOBJIEHHOH 11O IocieaoBarenbHocTy y(Nn).

6. OnpenenuTy SBISAIOTCS JIM YCTPOWCTBA TOBBIMIEHHS M IOHM)KEHUS YacTOTBHI
JUCKpETHU3aLUN:

a) TMHEHHBIMU CUCTEMAMU;

0) M”HBapUAHTHBIMU K CIBUTY CHCTEMaMH.

VY CTHBIN ONPOC MPOBOJUTCS IO BOIIPOCAM K 3a4ETy.
1.2. Ciucox BONpocoB M (WJIM) 3a/1aHMI /151 IPOBeAeHUsI IPOMEKYTOYHON aTTecTAUH
Cnucok BOpocoB K 3a4€Ty:

Yro takoe curnan?

®dyHnaMeHTaIbHbIE KOHIENINU B IM(PPOBOI 00pabOTKE CUTHAJIOB.

Xpanenue, o0paboTKa 1 nepeaavya nuPpPOBBIX CUTHAIIOB.

Ilepenaua curuanaoB yepe3 TpaHCATIAHTHUYECKUN Kabenb Mexy EBponoit m AMepuKoOi.

Cursaspl JTUCKPETHOTO BpeMEHU M MX MNpuMepbl. CUrHaibl KOHEYHONM M OECKOHEYHO

JUIMHBI, IEPUOJIMUECKUE U HETIEPHOANUYECKIE CUTHAIBI.

DneMeHTapHbIe ONEepaTopbl, HCHOJIb3yeMble MpU 00pabOTKE CHUTHAIOB JUCKPETHOIO

BpPEMEHH.

DHeprus U MOILIHOCTb.

PazHuna Mexny «undpoBoit» U «aHaJIOrOBOM» YacTOTaMHU.

Bocnpoussenenue 3Byka Ha IEPCOHATILHOM KOMITBIOTEpE.

10. OcHOBHBIE «CTPOUTETBHBIEY» OJOKU CUCTEM LU(PPOBON 00pabOTKM CUTHAJIOB (CyMMaTop,
YMHOXXHTEIIb, 3a/IEPKKA).

11. IIpumepsl cxem, MOCTPOEHHBIX U3 OJIOKOB IIU(PPOBOK 0OPAOOTKH CUTHAJIOB.

12. Anroputm Kapruryca—Ctposra.

13. Yto Takoe criekTp?

14. Ocuunisiiuu B IpUPOJIE.

15. BocnipusiTie OKpy>KaroIero NpocTpaHCTBa YEJTOBEYECKHM YXOM U TJIa30M.

16. Pa3zmosxeHne curHaia mo rapMOHUYECKAM KOMITOHEHTAM.

17. TlocnenoBaTenbHOCTH KOHEYHOM JUIMHBI, IUCKpPETHOE ITpeoOpa3oBanue Dypre.

18. Pa3meTka 4acTOTHOM OCH.

19. Cunre3 cUTHAJIOB M T€HEPATOP CUHYCOUIBI.
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20.

21.

22.
23.

24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

BpoxieHnHas neprHoAMYHOCTh JAUCKPETHOTO mpeodpa3zoBanus Dypbe, JUCKPETHBINA AL
dypnbe.

[TocnenoBarenbHOCTH OECKOHEUHOM UIMHBI (HETIEproAndecKue), mpeodpasoBanne Oypbe
JUCKPETHOI'O BPEMEHH.

O6mas unest 6sicTporo npeodpazoanus Oypbe.

Anroput™m ObicTporo npeoOpa3oBaHusi Dypbe € OCHOBAHHEM 2 C IIPOPEKUBAHHEM
10 BPEMEHU.

Anroput™m ObicTporo npeoOpa3oBaHusi Dypbe € OCHOBAHHEM 2 C IIPOPEKUBAHHEM
10 YacToTe.

OOwast naest OKOHHOTO IpeodpazoBanus Dypee.

Bonpocel, Bo3HUKaOIKE IPU UCII0JIb30BaHUU OKOHHOTO peoOpa3oBanus Dypee.
Crnekrporpamma u ee pa3MeTka.

Hcnonp3oBanne OKOHHBIX (DYHKIWN pa3HOW JJTUHBI.

JlekoaupoBaHue ABYXTOHAJIBHOIO MHOIOYACTOTHOIO CUTHajia, OaHK (UIBTPOB, CHHTE3
MOJIOCOBBIX (DUIIBTPOB C MCIIOJIB30BAHUEM METO/1a Pa3MELICHUS HYJIEH U TOIOCOB.
OO1u11e nooXKeHusl, MaTeMaTHYECKHi annapaT, kiaccuukanuu uQpoBbIX GUIBTPOB.
BUX- u KUX-GuabTpbl (I0OCTOMHCTBA U HEJOCTATKH).

CeepTka (mepuoauueckass M JMHelHas, cBoicTBa cBepTkM). Ilepenarounas QyHkuus,
AUYX, ®UX, uMnynbCcHasl XapaKTEpUCTUKA, IIEPEX0JHAs XapaKTEPUCTUKA.

Onpenenenue UPpPoBOro GuIbTPa B IUPOKOM U Y3KOM CMBICIIE.

CriocoOb1 peanu3au MUPPOBBIX (PHUIBTPOB.

IIponiecc npoexTupoBaHus LUPPoBBIX (uabTpoB. CrnocoObl 3amaHus TpeOOBaHUH
K HUPPOBBIM PHIIBTPAM.

I'pynnoBas 3anepxka, ha3oBas 3a1epiKKa.

KUX-punbTpst c JIMHEHHON odUX (1oKa3aTenbCTBO CUMMETPUYHOCTHU
U QaHTUCUMMETPUYHOCTH HUMIIYJIbCHOW XapakTepucTuku Juid ciaydas KHUX-¢unbtpos
cymHeitHot ®PUX, Qunbtper THna 1, Tuna2, Tuna3, Tuna4, HX JOCTOMHCTBA
U HeIOCTaTKH, pacnonoxkenue Hynei KNUX-punbtpos ¢ nunelinoit ¢gazoii).
Bcenpomyckaromme GuIbTpbl, UX CBOMCTBA U IIPUMEHEHHE.

MunuManbHO-(pa30Bble U MakCUMallbHO-(a30Bble cucTeMbl. Cucremsl ¢ 0oOpaTHOU
CBSI3bIO.

TpeboBanusi, npeabsBiIseMble IPU CUHTE3€ 4acTOTHO-M30uparenbHbX KUX-punstpon
(®HY, ©BY, 10, PD).

Mertoabl cunreza KUX-GuibTpoB (METOJ OKOH, METOJ YacTOTHOH BBIOOPKH, METOJ
[Tapkca-Makkiennana).

Cunte3 KUX-punbtpoB MeToq0M OKOH (00mIas (OpMyIHpOBKa, OINpe/eleHue OKHa,
JTanbl CUHTE3a, siBjieHue ['nb0ca, oOimuye cBOWCTBA U XapaKTEPUCTUKU OKOH, PUMEpPHI
OKOHHBIX (PYHKILUH, TOCTOMHCTBA M HeJocTaTKu Merona). OntumansHoe okHO Kaifzepa
(cyTb ONITUMAIBHOCTH, NTAPaMETPBI, OTIPEAEIISAIONINE OKHO).

IToctaHoBKa 3amauM ONTHMAJIbHOIO CHHTe3a. Mepa Onmzoctu. YeOblmuéBckas Mmepa
om3octu. CpenHekBaapaTHieckass mepa O0nu30cTH. OCHOBHBIE 3Tambl ONTUMAIBHOTO
CHHTE3a HUPPOBBIX (PUIBTPOB.

Cunre3 KUX-dpunbtpoB w™eromom Ilapkca-Makkinemiana (oOmas (opmynupoBka
METOJIa, TEOPEMA YEPENOBaHUs, AITOPUTM 3aMEHbl Pemesa, JOCTOMHCTBA U HEIOCTATKH
anroputMma Ilapkca-Makkiieniana).

Mertoapl cunreza BUX-¢punbtpoB (cuHte3 BUX-uiabTpoB Ha OCHOBE aHAJOTOBBIX
GuIBTPOB MPOTOTUNOB U cuHTEe3 BUX-punbTpoB B npoBoit 001acTH).

CriocoOb1 3a1anus crierdukanuii ans cunteza BUX-punsTpos.

AHanorosble GUIBTPBI TPOTOTHIIHI.

@unbtp barrepBopra (kBagpar AUX, nepenatounas GyHKLUsSA, HYJIU U MOJIOCA, YAaCTOTa
cpe3a M ee HaXOXKJieHue uepe3 crenudukanuy QuibTpa, 3Tanbl CUHTe3a (PUIbTPa, BHIBOJ
(bopMyIbl Ha BEIYUCIEHHE TTopsiAka (GuiabTpa).

37



49. QunbTpel YeOpiméBa tuna 1 u tuna 2 (mosmHoMbl YeOblméBa 1 X CBOMCTBA, KBaapaT
AUX, nepenarouynas GyHKIHS, HYJU U MOJTIOCA, YaCTOTA CPe3a, dTAIbl CHHTE3a QUILTpA,
BBIBOZ (hOpMYJIBI HA BEIYHMCIICHHE TOPSIIKA (DUIIBTPA).

50. Dmmuntryeckuit GunbTp wMau GuasTp 3os0TapeBa-Kayspa (ammuntuyeckue (QpyHKIUU
SAxobu m ux cmoiicTBa, kBaapaT AUX, cyTh ONTUMaIbHOCTH (QUIbTpa, (GopMyla s
BBIYHCIICHHSI TOPsKA PriibTpa).

51. Cunre3 BUX-dunbTpoB Ha OCHOBE aHAJIOTOBHIX (PUIBTPOB mpoToTunoB. CBOHCTBa
0oTOOpa)keHHsI, TPeoOPa30BHIBAIOIIETO aHAJIOTOBBIN (GriIbTp B 1MppoBoii. JIBa crmocoObl
nepexoaa ot anamorosoro ®HY k xernaemomy mudpoBomMy, 4aCTOTHO-U30HpPATETLHOMY
bunsTpy: ®HY, ®BY, 10, PO.

52.MeToq WHBAapUAHTHOTO TPeoOpa3oOBaHUsl HMMITYJILCHON XapaKTepUCTHKU  (0Omas
bopMyIUpOBKA).

53. bunmneitHoe Z-npeobpazoBanue (o0mas GpopMynnpoBKa, rpadudeckas UHTEPIpETaIus,
KOH(OPMHOE OTOOpa’keHHE, CBOMCTBA, COOTHOLICHME MEXAYy YacTOTHBIMU ILIKaJaMu
aHaJIOTOBOTO M LU(POBOro (PUIBTPOB, JOCTOMHCTBA W HENOCTATKH METOMAA, ATaIlbI
CHHTE3a HU(PPOBOro (GUIbTPAa HA OCHOBE JAHHOTO METO/A).

54. Cunre3 BUX-punptpoB B mmdpoBoit obractu. Meron pa3MemieHus: HyJell U MOJIIOCOB
(oOmast ¢GopMyIMpOBKa, JOCTOMHCTBA M HEJOCTATKH, NPUMEp CHHTE3a LHU(pPOBOro
¢ubTpa HA OCHOBE JAHHOI'O METOJIA).

55. MeTo/1bl N3MEHEHHsI YaCTOThI TUCKPETU3ALUH.

56.Ilemn nmenuManuu ¢ HeNOYHMCICHHBIM  Koddduumentom M. IIpoektupoBanue
U peajin3alus Jeumaropa.

57.1lenmn WHTEPHOJSIIMUA C LEIOYUCICHHBIM Kodddumuentom L. IlpoektupoBanue wu
peanu3anys HHTepHoATopa.

58. llenn npeoOpa3oBaHusi YaCTOTHI ¢ pallOHATBLHBIM K03 durrenTom L/M.

59. MHOTOCKOPOCTHBIE TOXCCTBA.

60. banku punbTpoB. PaBHOMEpHBIH 6aHK GuibTpoB. L-nonocusiii KUX-ustp.

61. JIByxkaHanbHbI OaHK (QUIBTPOB (CTPYKTypHAasi CXeMa, BBIBOJ YCJIOBHUS TOYHOTO
BOCCTaHOBJICHUS).

62. OcHOBHBIE TPOOIIEMBI IPAKTUYECKOTO MCII0JIb30BaHMsI ITpeoOpa3zoBaHus Dypbe.

63. Onpenenenue BeiiBnera. [loctpoenne BeiiBner-6asuca.

64. HerpepsiBHOE BeliBiIeT-TIpeoOpa3oBaHue.

65. JlmagHoe BeliBieT-mpeoOpa3oBaHueE.

66. OcHOBHBIE TPU3HAKHU BEWBIIETA.

67. OcHOBHBIE CBOIICTBA BEHBIIET-aHAIH3A.

68. JluckperHoe BeliBieT-npeoOdpa3oBaHKe U €ro CBA3b ¢ KPATHOMACIITAOHBIM aHAIHU30M.

69. Macmrabupytromas pyskuus. BeiiBner-yHKims.

70. bricTpoe BeiiBneT-peobpazoBaHue. YacTOTHBIH MNOAXOA K BBINOJHEHHIO BeilBieT-
npeobpaszoBanus (aroput™M Masuia).

71. ineonorusi MOCTPOEHUsI alropuT™Ma (MIBTPALMU Ha OCHOBE BEHBIET-TIpeoOpa3OBaHUS
(OCHOBHBIE ITAITBI U TIAPAMETPHI).

72. AnanTuBHBIN GUIBTP.

73. OCHOBHBIE KOMIIOHEHTBI, BXOJISIIINE B COCTAB aJAITUBHOTO (PIILTpA.

74. Anroput™ ObICTpEHIIIEro CIycKa.

75. ATanTHBHBIA aNTOPUTM HAaWMEHBIINX KBaJPaTOB W €r0 CXOJUMOCTh. [lOBEpXHOCTH
POU3BOIUTENBHOCTH.

76. Ilpumepsl TPUIIOKECHUH aNanTHBHOM 00pabOTKM CHUTHaNOB (3a7ada CHUCTEMHOM
UJCHTUUKAIMY, 337a4ya IOAABICHHUS Y3KOMOJIOCHOH IIOMEXH B HIMPOKOMOJIOCHOM
CUTHaJIe, 3ajia4a IIOJIaBJICHHUS NIMPOKOMOJIOCHOW TIOMEXH Ha OCHOBE aJallTHBHOTO
caMOHacTpauBaroLerocs GuiabTpa).

77. O6paboTka n300pakeHuil. YiydllleHne u BOCCTAaHOBJICHHUE N300paXeHH.

78. LludpoBoe nzobpaxeHne kak GyHKIUS.
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79. Ilouemy n300pakeHUE MOXKET MOTYUYUTHCS III0X0?

80. ToHoBOE pacmpeesieHne U rpalalliOHHbBIE TTPEOOPa30BaAHUS.
81. dunprpanus n300paKeHHA.
82. Buapl mrymoB.

83. Macka u Beca. Kpocc-koppensiius (B3auMHasi KOPpEJAIHs) U CBEpTKa B JABYMEPHOM

ciIydae.

84. Henuneiinasg

bunbTpanus  (MeIUaHHBIN

HEJIOKAJIbHBIE CPEIHNUE).
85. JleTanu peanuzanuy Kpocc-KOPPEISIMHA U CBEPTKH JIJIsl IBYMEPHOTO CIydasi.

86. [IpeobpazoBanune Oypre A1 IBYMEPHOTO CITydasl.

bunbTp,

87. basucusle QpyHKIIMHN TpeodpazoBanus Pypbe A IBYMEPHOTO CIIydasi.
88. [luckperHoe npeodpazoBanne Oypre u ero odpaiieHue st ABYMEPHOTO CITydasi.
89. ndopmaTBHOCTH (a3bl M AMILUTUTY/IBL.
90. Teopema o cBepTKe U GUIBTPALKS B YACTOTHON 00JACTH VISl AIBYMEPHOTO CITydasl.

Kpurepun oueHuBaHNsi 0TBETOB HA BONPOCHI OMIeTa

OounatepaabHas

bunbTpanus,

. Boicokmii
. IIpoaBuHYyTHIA
. IloporoBbliii ypoBeHb YPOBEHb
Kpurepuii YPOBEHb
(Ha «YAOBJIETBOPHUTEJIbHO) (na
(Ha «X0po1I0»)
«OTJIMYHOY)
CoorBercrBHE Xots Obl yacTHYHOE (HE [Tomuoe ITonnoe
oTBeTa OTHOCHIIIIEECS K BOIIPOCY HE
BOIIPOCY TIOJIJIEKUT POBEPKE)
Hajnunumne Nwmerorcs OTAEJIbHBIE MHoro Ectb
NPUMEpPOB IIPUMEPHI IPUMEPOB MIPAKTUYECKHU KO
BCEM
YTBEPKICHUSIM
Conep:xkanne [TonsiTuiiHble BOnpoChl U3NOkeHbl ¢ | OTBeT nmoutu noi- | McuepnbiBaro-
oTBeTAa KJIacCU(UKAIUAMU, TPOOJIEMHBIC C | HBIH, 0e3 LIMA MOJTHBIA
IIOCTAaHOBKOM poOIeMbl U | OIHUOOK,HE XBATAET | OTBET
W3JI0KEHUEM  PAa3JIMYHBIX  TOYEK | OTAEIb-HBIX
3peHus. lmeroTcs oOmMOKH WM | DIEMEHTOB U
poOeTbl. TOHKOCTEH

2. Onucanne npoueaypbl BHICTABJICHUS] OLCHKHU

I/ISY‘ICHI/IG JUCLHUIUIMHBI 3aKaHYMBACTCA 3a4ETOM. I[J'IH MNOATOTOBKHU OTBETA Ha BOIIPOC

Ouiera orBouTCS HE MeHee 40 MUHYT.

OI_ICHKa «GBa4YTCHO» BBICTABIIACTCS, €CJIM OTBECT HA BOIIPOC ouiera JaH HC HHXKC, YCM Ha

MIOPOTOBOM yPOBHE.

OI_ICHKa «HC 3a4YTCHO» BBICTABJIACTCA, €CIIM OTBCT Ha BOIIPOC Ouiera JaH HMXKE, 4YEM Ha

MIOPOTOBOM yPOBHE.
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IIpunoxkenne Ne 2 k paGoueil mporpaMme M CUHUIIIMHBI
«OcHOBBI HU(PPOBOI 00PAOOTKH CUTHAJIOB)

MeToauuecKkue YKazaHus QJIl CTYACHTOB 110 OCBOCHHUIO JTUCHUIIJINHBI

OcHoBHO# (hopMoil ycBOeHHS yueOHOTrO MaTepuraia 1mo aucuurinHe «OcHOBBI U(poBoO
00pabOTKK CHUTHAJIOB» SIBJSIETCSI CaMOCTOsATENbHas paboTa CTyAeHTa, NpUYéM B JOCTATOYHO
OonbmoM 00béMe. [lo BceM TemaM mpenycMOTpEHBI 3alaHUSl CaMOCTOSTENBbHON padoThI, Ha
KOTOPBIX IPOUCXOIUT 3aKpeIJIeHHEe HW3YYEHHOro MaTepuaiga U OTpaboTKa HEOOXOIUMBIX
HAaBBIKOB.

N3ydyenne nucuuruiMHbl 3akaHunMBaeTcs 3au€ToM. OIleHKa BBICTABIIAETCS Ha OCHOBAHHUU
ypOBHS C(HOPMUPOBAHHOCTH YKA3aHHBIX KOMIICTCHIIUH, KOTOPBIA OLIEHUBACTCS KaK CPEIHSA
OIICHKAa [0 COBOKYIHOCTH MapaMeTpOB: OLIEHKH 3a CaMOCTOSITENIbHBIE 3aJaHusl U OTBETHl Ha
BOIIPOCHI OHIIETA.

OcBouTh BOMNPOCHl JIaHHOM JUCHMIUIUHBI CAMOCTOSITEIBHO CTYIEHTY JIOCTaTOYHO
cnoxHo. [locemenne Bcex NPEIyCMOTPEHHBIX JIEKIUH W NPAaKTUYECKUX 3aHITUH SBISETCS
COBEpIICHHO HEOOXOTUMBIM. be3 YIOpHBIX U PEeryIspHBIX CAMOCTOATEIbHBIX 3aHATHI B TEUCHUE
CEMECTpa C1aTh 3a4E€T MPAKTUYECKU HEBO3MOKHO.

Spocnasnb



