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1. Ilesin 0CBOEGHHUSA TMCITHILINHBI

Hensto ocBoenust mguctumiunHel «ludposas QuibTpauus» sBIseTcs NOATOTOBKA
CTYZCHTOB 10 BOIPOCAM aHaIW3a M CHUHTE3a LUQPOBBIX (QUIBTPOB, a TAKKE MX HNPUMEHEHUS
JUIsE 00pabOTKU IH(PPOBBIX CUTHAIIOB.

B npornecce npenogaBanus AMCHUILUIMHBI PELIAIOTCS CIEAYIOLIME 3aauu:

— U3y4YeHHE OCHOBHBIX 3TallOB MPOEKTUPOBaHUS HUPPOBBIX ¢GuibTpoB (L[D); cunte3

n aranu3 L{® u ux MaTemMaTnyeckoe OMUCaHNe B BHJIE CTPYKTYP;

— U3YYCHHE MPUHIHUIIOB MOCTPOCHHUSI MHOTOCKOPOCTHBIX cucteM [{OC;

— HU3y4YeHHe OCHOB TEOPUH BEHBIIET-IPe0Opa3oBaHuUs;

— HU3yuYeHHE OCHOB TEOPUH AJaNTUBHOM (pUiIbTpanuu HU(POBBIX CUTHAJIOB,;

— O03HaKOMJICHHE ¢ 6a30BBIMHU BOTPOCaMH 00pabOTKU U(POBBIX U300PAKEHUN;

— U3yuYeHHE COBPEMEHHBIX CPEACTB KOMITBIOTEPHOTO MOIECTUPOBaHUSA 0a30BBIX METOI0B

1 anroput™MoB 1 poBoii 00padotku curnanos (L{OC).

2. Mecto nucunminnsl B ctpykrype OII 6akanaBpuara

JuctmruimHaa «OCHOBBI OECTIPOBOJHBIX TEIEKOMMYHHKALWI» OTHOCUTCS K 010Ky Bl n
SBJISIETCS KypCOM IO BBIOOpY.

Jlig u3ydeHus: TUCIUILIMHBI TpeOyeTcsl 3HaHHE OCHOB TEOPUH CUTHAJIOB M TEOPHUH LieTel
JUCKPETHOTO BpEeMEHM, H3y4daeMblX B JucuuiuinHax «Llu¢ppoBble 1nenu M CUTHANBD) H
«/IlnHamMuka THQPOBBIX KoseOaTeNbHBIX cucTeM». DopMUpyeMble HAaBBIKM B XO/I€ OCBOCHUS
mucuuruiniel «udpoBas ¢uinbTpanus» Ha 3Tanax JajibHeiHIIero oOy4eHUs MOTYT SBISTHCS
CPEJICTBOM BBIIIOJIHEHHUSI HAYYHBIX padoT.

B cBoro ouepenp naHHas AMCLUILIMHA, IOMUMO CaMOCTOSITEIBHOIO 3HAYEHUS, SBISIETCS
BCcrioMoraTensHou s qucuuiuinH «L{udpossie cnepsimue cucremen», «Ludposas oOpaboTka
CUTHAJIOBY.

3. [lnanupyemble pe3yJibTaThl o0y4eHus no  JAUCHUILINHE, COOTHEeCeHHbIe
¢ IIaHupyeMbIMH pe3yJabTaTamu ocBoeHusi OII 6akanaBpuara

[Ipomecc m3ydeHus: MUCIUTUTMHEBI HAIIPABJICH Ha (OPMHUPOBAHUE CICAYIONINX JIEMEHTOB
komneTeHnuii B coorBerctBuu ¢ ®I'OC BO, OIl BO u nmpuoOpereHus ciaenyroux 3HAHUMH,
YMEHUM, HABBIKOB U (MJIM) OMbITA IESITEIbHOCTH:



dopmupyemas
KOMIIeTeHLM S
(ko1 u popMyIMpPOBKA)

HNuaukaTop nocTukeHust
KOMIIeTeHIIH U
(xox u hopMyJTHPOBKA)

Ilepeuenn
IUIAHMPYEMBIX pe3yJIbTATOB 00y4eHus

IIpodeccnonabHbIe KOMIETEHIIUT

[TK-1. Cnocoben
OCYILECTBJISATH COOp U
00pabOTKy MCXOIHBIX
JAHHBIX JIJIS1 PEIICHUS
MIOCTaBJICHHBIX
npodecCuoHaATBHBIX
3amad B o0yacTu
pannopu3uKy,
OCYIIECTBIIATH TIOUCK,
aHaJIU3 U BBEIOOD
METOOB UX PEUICHHUS

N/ TIK-2.3 [IpoBoaur
TEOPETUUECKHE
UCCIIEI0BAHMS
TEJIEKOMMYHUKAIIMOHHBIX
YCTPONCTB, CUCTEM U
CETEH.

3HaTh:

— METOIBl  MAaTeMaTHYEeCKOrO  OIHCAHUS
JIMHEMHBIX OUCKPETHBIX CUCTEM,

— OCHOBHBIC OTallbl IIPOCKTUPOBAHUA
IUQPPOBBIX GUIBTPOB;

— OCHOBHBIE METOIBl CHHTE32a W aHalu3a
JaCTOTHO-M30MPATEITHLHBIX (G POBBIX
($uIBTPOB;

— MCTOJbI MaATEMATUUYCCKOI'O OITMCaHUuA
U POBBIX GUIBTPOB B BUIIE CTPYKTYPHI;

— TMPUHIHUIIBI MOCTPOCHUS cucTeM
UHTEPHOISIMA W JCUUMAIlH, a TaKKe
0aHKOB (HUIBTPOB;

— OCHOBBI TEOPUH BEUBJIET-NPEOOPA30BAHUS;

— OCHOBBI TEOPHH AJANTHBHON PUIBTpaINY;

— 0a30Bble DIIEMEHTHl TEOpUHM HHUPPOBOI
00paboOTKH N300paKeHNH.

Ymers:

— OOBSICHATE MaTeMaTHYeCKoe  OMNHMCaHHe
JUHEHHBIX JHCKPETHBIX CHCTEM B BHJC
AJITOPUTMOB;

— BBINOJHATH KOMITBIOTEPHOE
MOJIEIMPOBAHUE JIMHEHHBIX JUCKPETHBIX
CHCTEM Ha OCHOBE WX MaTeMaTHYeCKOTo
OIMCaHUS;

— 3a7aBaThb TpeOOBaHHMA K  YacTOTHBIM
XapaKTepUCTHKaM IHU(PPOBBIX (GUIBTPOB;

— OOOCHOBBIBaTH BBIOOP THIA LHU(POBOTO
¢bunsTpa, KUX- nmn BUX-dunstpa;

— CHHTE3HMPOBATH UQpoBoit ¢$unpTp
Y aHAJIU3UPOBaTh €r0  XapaKTePUCTHKHU
CpencTBaMH KOMITBIOTEPHOTO
MOJICTUPOBAHUS;

— 000CHOBBIBAThH BEIOOD CTPYKTYPHI

mudpoBoro GpuiIbTpa;

— O0OBICHSITD IIPUHLOUIIBI ITOCTPOCHUA CUCTEM
WHTEPINOISINME M JACUMMAalud, a TaKkKe
0aHKOB (HDUIBTPOB;

— OOBSICHATH HMPUHIUITEI TOCTPOCHUS CUCTEM
Ha 0Oa3e BeWBIeT-IpeoOpa3oBaHUs U
TEOPHHU aJalTHBHON (QUIIBTPALUH.

BmaneTs HaBEIKaMH:
MOCTPOCHUS, aHAM3a W KOMIIBIOTEPHOTO
MOJICJTHPOBAHUS CHCTEM U POBO
00pabOTKY CHTHAJIOB.




4. O0bem, CTPYKTYpA U COAEPKaAHHE TUCHUILIHHBI

OO6miast TpyJ0EMKOCTh AUCIUIUIMHBI COCTABIISIET 2 3aU€THBIX €IMHULIBI, 72 aKaJl. 4acoB.

Ne Tembl (pa3aenl) Buabl yueOHBIX 3aHATHI, @DopMBbI TEKYNIETO
n/m JUCIUINJINHBI, BKJIIOYAsl CAMOCTOSITEIbLHYIO KOHTPOJIsI
HX coJep:KaHue padoTy CTYAeHTOB, ycrneBaeMoCTH
o U UX TPYA0€eMKOCTh
E (B akaleMUYeCKHX Yacax) dopma
S MPOMEKYTOUHOM
3 aTTecTAIlHH
(no cemecmpam)
Dopmur 30 u /10T
(npu nanuuuu)
KonTakTHas pabora
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1 |BBenenue B mudpoBbie 7 2 1 |TectupoBanue
(bunBTpHI
2 |CoeunaibHbIE THIBI 7 4 1 |TectupoBaHue, 3ananue
IA(QPOBBIX QUIHTPOB JUTSI CAMOCTOSITEITBHOM
paboThI
3 |Cunre3 KUX-¢punbprpos 7 2 6 2 |3amaHue
JUTSL CAMOCTOSITEIBHON
paboTHI
4 |Cunre3 BUX-dunsrpor 7 2 6 2 |3amaHue
JUTSL CAMOCTOSITETThHON
paboTHI
5  |aTeprionsmus, IeruMaItus 7 2 6 2 |3amanue
u 0aHkH (PUIBTPOB JUTSI CAMOCTOSITEIbHON
paboThI
6 |Teopus BeiiBieT- 7 2 7 3 2
mpeoOpa3oBaHus
7 |Teopus amantuBHON 7 1 7 2 2
dunpTparyn
8 |PunbTpanus U yiaydlieHue 7 1 2
n300pakeHu i
(omMoHaNIBHO)
Bcero 16 32| 5
7 03| 1,7 3auer
Bcero ¢ 3aueTom 17 34 5 103 15,7

Coneprxanue pa3iesoB JUCITUTUTHHBI:

Tema Ne 1
Benenue B ¢ poBbie GUIBTPHI

OOu1e monokeHusi, MaTeMaTHUECKUil amnmapar, kjiaccuukaunu nuppoBbIX (QUIBTPOB.

BUX- nu KUX-puneTpsl (1ocTomHCTBA U HepocTtatku). CBepTka (mepuoandeckas M JIMHEHHAS,



cBoiictBa cBeptku). Ilepemarounas Qynkmus, AUX, OUX, wumiynbcHas XapakTepUCTHKA,
nepexoHas XapakTepUCTHKA.

Onpenenenne UPPoOBOro GUILTPA B MIUPOKOM H Y3KOM cMbiciie. CriocoObl peanu3anun
mdpoBsix ¢GmiIbTpoB. Ilponecc nmpoektupoBaHus HUPPoBbIX GUIBTPOB. CrocoObl 3amaHus
TpeboBaHU# K IH(POBBIM (PpHUIBTPaM.

Tema Ne 2
CrienanbHbIe TUTTBI TUPPOBBIX (PUIBTPOB

I'pynmoBast  3amepxka, (asoBas 3aaepxka. KUX-punptper ¢  smHeitHOH @OUYX
(loKa3aTeabCTBO CHUMMETPUYHOCTH M AHTUCUMMETPUYHOCTH HMIIYJbCHOH XapaKTepUCTUKU
st cnyyass KUX-punbrpoB ¢ nuueriHoit ®UX, ¢unbtpel Tuna 1, tuma 2, tuna 3, tumna4,
UX TOCTOMHCTBA U HEAOCTaTKH, pacrnonoxkeHue Hyneit KUX-punbtpoB ¢ nuueliHo#l (azoii).
Bcemponyckarome  GWIBTpBl, WX CBOHCTBA M NpUMEHeHHe. MUHHMaIbHO-(a30BbIe
U MaKCUMalbHO-(a30oBbie cucTeMbl. CUCTEMBI ¢ 0OpPaTHON CBSI3BIO.

Tema Ne 3
Cunte3 KUX-¢punbsrpoB

TpeboBanwus, MpeabsBIsIEMbIe IPU CUHTE3€ 4YacTOTHO-m30uparenbHbix KUX-punbTpos
(®HY, ©BY, IId, PD). Meroast cunresa KUX-punbTpoB (MeTon OKOH, METOJ YaCTOTHOM
BbIOOpKH, MeTo [lapkca-MaxkkieniaHa).

Cunres KUX-punbtpoB MerogoM okoH (oOmiasi ¢hOpMyIHpOBKa, OINpeAelieHHE OKHA,
9Tambl CUHTE3a, ABjicHue [ mbOca, oOIme CBONCTBA U XapaKTePUCTHKH OKOH, TPHUMEPhI OKOHHBIX
byHKIMH, AOCTOMHCTBA M HeAocTaTku Meroaa). OnrtumanbHoe okHO Kaifzepa (cyTh
ONTUMATBHOCTH, TTAPAMETPHI, OTIPEIETSAIONINE OKHO).

[TocranoBka 3agauu ONTHUMAbHOTO cuHTe3a. Mepa Onm3octu. UeOblméBckas mepa
omusoctu. CpemHekBaaparuyeckas mepa 0im3octu. OCHOBHBIC ATambl ONTUMATBHOTO CHHTE3a
nudpoeix ¢uneTpoB. Cunte3 KUX-punptpoB meromom Ilapkca-Makknemnana (oOmras
dbopMyIIMpoBKa METONa, TEOpeMa YepeqOBaHMs, AlTOPUTM 3aMeHbl Peme3a, MOCTOMHCTBA U
HesocTaTky anroputma Ilapkca-Makkiennana).

Tema Ne 4
Cunte3 BUX-¢punsTpos

Metoapl cunreza BUX-¢unbtpoB (cuHTe3 BUX-GmibTpoB Ha OCHOBE aHAJIOTOBBIX
bunbTpoB mpoToTUIIOB U cUHTE3 BUX-punptpoB B 1mudpoBoit obmactu). CriocoObl 3amaHus
cneunpukanuii s cunre3a bBUX-puibTpos.

AmnanoroBbie GpribTpel ipoToTUTEL. OMIbTp batTepBopra (kBagpar AUX, nepenarounas
(GyHKIMSA, HyJIM ¥ TOJIIOCA, YacTOTa Cpe3a M €€ HaXOXKICHHE uepe3 creruduranuu QuibTpa,
dTambl CWHTE3a (UIbTpa, BBIBOJ (OPMYJb Ha BBIYUCICHHE mMopsaka (uiubrpa). OuabTpsl
UeObmméBa tuma | u Tuma 2 (monmuHOoMbl YeObiméBa W WX CBOMCTBa, kBagpar AUX,
nepenaToyHas (QyHKUUS, HYJd U IOJIOCA, YacTOTa cpesa, dTamnbl CUHTe3a (UIIbTpPa, BHIBOJ
dopMynbl Ha BBIYHCICHHME TOpsAKa GWIbTpa). DIUIMNOTHYECKUH QUiabTp uiu  QuiIbTp
3onotapeBa-Kayapa (smmuntuueckne GyHkuuu Sxkobm m mx cBoiicTBa, kBajgpaT AUX, cyTh
ONITUMANILHOCTH (PUIIbTPa, (popMyIia sl BHIYUCICHUS TOPSIIKA GUIIBTPA).

Cunre3 BUX-bunbTpoB Ha OCHOBE aHAIOTOBBIX (GHIBTPOB mpoToTHUIoB. CBOHCTBA
oToOpakeHHsI, MpPeoOpPa30BHIBAIOIIECIO aHANOTOBBI (GuiubTp B IH@poBoi. J[Ba cmocoOb!
nepexoga ot aHaigoroBoro ®HY k xemaemomy 1udpoBOMYy, YacCTOTHO-U3OHUPATEITHHOMY
¢uneTpy: ©HY, ®BY, IId, PO. Meron HHBApHAHTHOTO MPeOOpPa3OBaHHUA HMITYJIBCHON
XapakTepucTuku (00mas GopmMyIupoBKa).

bununeiinoe z-npeoOpas3oBanue (obmas GopMyIupoBKa, rpaduueckasi HHTEpIpeTaIus,
KOH(GOpPMHOE OTOOpa)keHHe, CBONCTBA, COOTHOLICHHE MEXIy YaCTOTHBIMH IIKaJaMu



aHaJIOTOBOTO M LU(POBOro (PUIBTPOB, JOCTOMHCTBA W HENOCTATKM METO/a, JTalbl CHHTE3a
1 poBoro GuIbTpa Ha OCHOBE JAHHOTO METO/A).

Cunre3 BUX-¢punstpoB B 1udpoBoit obnactu. MeTon pa3MelieHusl HyJed U MOJII0COB
(oOmast popMyJIMpOBKA, JOCTOMHCTBA U HEIOCTATKHU, MPUMEP CHHTEe3a IU(PPoBOro (uibTpa Ha
OCHOBE JIAHHOT'O METO/IA).

Tema Ne 5
Wurepnionsiius, neuumarus 1 6aHku GUILTPOB

Meroasl M3MEHEHHsI 4acTOThl AUCKpeTu3anuu. llenm nenmManuy ¢ LEIOYHCICHHBIM
ko3 duuuentom M. IlpoekTupoBanue M peanusanus aeuumaropa. llenu uHTEepmomsuuu c
HeNouncIieHHBIM KodduumenTom L. [IpoextupoBanme m peanusanusi HHTEprionsropa. Llemm
npeoOpa30BaHuUs YaCTOTHI C pallMOHAIBHBIM K03 durmenrom L/M.

MHorockopocTHele TOXaecTBa. banku ¢(uiabTpoB. PaBHOMEpHBIH OaHK (QHIBTPOB. L-
nonocHbt KUX-punetp. JIByxkaHanbHbI OaHK (QUIBTPOB (CTPYKTypHasi cCXeMma, BBIBOJ
YCIIOBHSI TOYHOT'O BOCCTAHOBJICHUS).

Tema Ne 6
Teopus BeiiBieT-mpeodpazoBanus

OcHOBHBIE TPOOJIEMBI MPAKTHYECKOTO MCIIOJIB30BaHUs TpeoOpazoBaHus Dypebe.
Onpenenenne  BeiiBiera.  IlocTtpoenme — BeiiBier-Oasuca.  HempepsiBHOE — BelBIeT-
npeoOpas3oBanue. JluagHoe BeiiBieT-npeoOpazoBanue. OCHOBHbIC TNpPU3HAKU — BeiBieTa.
OcHOBHBIE CBOWCTBa BeWBiIeT-aHaNM3a. J{MCKpeTHOE BEWBIIET-TIPEeOoOpa30BaHUE M €ro CBA3b C
KpaTHOMAcUITaOHBIM aHaidu3oM. Macmrabupyromas ¢yHkuus. BeiiBner-¢pynkuus. beictpoe
BeliBneT-npeoOpa3oBanre. YacTOTHBIM NOIXOJ K BBHIIOJHEHUIO BeEHBIET-IpeoOpa3oBaHus
(anroput™m Maina). Mneonorus nocTpoeHHs alroputMa (GuibTpalMM Ha OCHOBE BEWBIET-
npeoOpazoBaHus (OCHOBHBIC ATAIbI U ITAPAMETPHI).

Tema Ne 7
Teopus amanTuBHON QUIBTpAITUN

AnanTtuBHbld  GuiIbTp. OCHOBHBIE KOMIIOHEHTHI, BXOJSIIME B COCTaB aJalTHBHOTO
¢ubTpa. ANTOPUTM OBICTPEHIIEro CIycKa. AJANTUBHBIA alrOPUTM HaWUMEHBIINX KBAJpaTOB U
€ro cxoaumocTh. [loBepxHOCTH mMpou3BOAUTENLHOCTU. [IprMephl MPHIIOKEHHI aganTUBHOMN
00pabOTKK CUTHAIOB (33/1a4a CUCTEMHON MAEHTH(UKALNY, 33/71a4a IMOAABICHHUS Y3KOMOJIOCHOU
MIOMEXH B IHIMPOKOIIOJIOCHOM CHUTHAJIE, 3a]]a4a MMOAaBJICHHUS IIMPOKOIOIOCHOM MOMEXH HAa OCHOBE
a/IalITUBHOTO CaMOHACTPAaUBAIOLIETOC (DUIBTPA).

Tema Ne 8
OunbTpanus U yIydlieHue n300pakeHni (OMIIMOHAIIBHO)

Ob6paboTka M300pakeHUi. YiydlleHHEe W BOCCTaHOBJIEHHE H3o0paxeHuid. Lludposoe
n3o0pakenne kak GyHkmusa. [louemy wu300pakeHHEe MOXKET MOJIyduThbes Twioxo? ToHoBoe
pacrmpeneneHue U rpajalMoHHble npeodpazoBanus. OuinbTparus u300paxenuil. Buasl nryMmos.
Macka u Beca. Kpocc-koppensuus u cBeptka. Henmunelinas guibrpanus. MeauaHHbIi QUIBTP.
Jletanu peanu3anuy KpOCC-KOPPENALUU U CBEPTKH.

[IpeobpazoBanne Dypre. baszucHbie (yHkIMU npeodpazoBanus Dypee. JluckperHoe
npeoOpazoBanue Pypbe u ero obpamenue. MupopmMaTuBHOCTH (hazbl U aMIUIUTY 6. Teopema o
CBEpTKE U (PHIIbTpAIlKs B YaCTOTHOM 00JIACTH.

Cnucok J1abopaTopHbIX padoT
1. Cunres mudppossix KUX-huibTpoB METOAOM OKOH.
2. Cuntes nudpobix BUX-huasTpoB METO10M OMIIMHEHHOTO Z-TTPeoOpa30BaHHUs.



CunTe3 ontuManbHBIX 10 YeopméBy KNUX-humbTpos.

MHorockopocTHas 1udpoBasi 00padoTKa CUTHAJIOB.

O06paboTKa CUTHAJIOB HA OCHOBE BEHBIIET-IIPEOOPA30BAHMSI.

[Tpumenenue ananTUBHON QUIBTpaluK B 00paboTKe HU(BPOBBIX CUTHAJIOB.

SNk Ww

5. O0pa3oBare/ibHbIe TEXHOJIOTHH, B TOM 4YHCJ€ TEXHOJOTHHM IEKTPOHHOI0 00y4deHHMs W
AUCTAHIMOHHBbIC 00pa30BaTeJbHbIC TEXHOJOIHH, MCIOJb3yeMble NPH OCYIIECTBJICHHHU
o0pa3oBaTe/IbHOIO Mpoecca Mo JMCHUIIHHE

B mporiecce 00ydeHnst UCTIONB3YIOTCS CIeAyIOIne 00pa3oBaTeIbHbIE TEXHOIOTHH:

BBoaHasi JieKnusi — 1ae€T IEpPBOE ILEJIOCTHOE IMPEACTaBICHHE O IUCLUUIUIMHE W
OpUEHTHPYET CTYJEHTAa B CHUCTEME€ M3Yy4YEeHMs JAHHOW MUCHUIUIMHBL. CTYyJEHTHI 3HAaKOMSTCS C
Ha3HauYeHUEM U 3a/ladaMU Kypca, €ro poJIbl0 U MECTOM B CHCTEME y4eOHbIX AUCLUUIUIUH U B
CHCTEeME TOATOTOBKM B mejoM. Jlaetcs kparkwii 0030p Kypca, MCTOPHS pPa3BUTHS HAYKH U
NPaKTUKH, TOCTHXKEHUS B 3TOH cdepe, UMeHa U3BECTHBIX YUEHBIX, U3JIaraloTCs MepPCIeKTUBHBIE
HalpaBjeHusl HccienoBaHnid. Ha 93TOM  JeKIMM  BBICKA3bIBAlOTCA  METONMYECKHE U
OpraHu3alMOHHbIE OCOOCHHOCTH pabOThl B paMKax JaHHOW IUCHMIUIMHBL, a TaKXKe daercs
aHaJIN3 pEKOMEHAYEeMOH yueOHO-METOINYECKON JTUTEPATYPHI.

AKafeMHYecKas JIEKHHS C JJEeMEHTAMH JIeKIHH-0eceabl — 10CIEJ0BATEIbHOE
U3JI0KEHUE MaTepurasa, OCyIIECTBIIEMOE IPEUMYILECTBEHHO B BUAE MOHOJIOTA IIPENOIaBaATEIIs.
OneMeHThl JeKuuu-Oecenbl 00ecnedrnBalOT KOHTAaKT INpenojaBaTess ¢ ayJIuTopued, 4To
MO3BOJIAET TPUBJEKATh BHUMAHUE CTYACHTOB K HauOojiee BaXKHBIM TeMaM JUCLMILIUHBI,
aKTUBHO BOBJEKaThb MX B Y4eOHBIH Mpolecc, KOHTPOJIUPOBATh TEMIl H3JIOXKEHHS Y4eOHOro
MaTepuasa B 3aBUCUMOCTHU OT YPOBHS €r0 BOCTIPUSTHS.

3a1eliCTBOBaHbI:

— HMHTEpaKTUBHAs JIEKLUS.

JlabopaTopHoe 3aHsiTHE — 1a€T BO3MOXHOCTh IOJYUYUTh HABBIKU PAKTHUECKON pabOThI
¢ 1abOPaTOPHBIMU MAKETaMU JICKTPOHHBIX YCTPOICTB, a TAK)KE C COBPEMEHHON U3MEPUTEILHON
anmnaparypoil 1 cucTeMaMi KOMIIbIOTEPHOTO MOJIEIIMPOBAHMUS.

KoncyabTanuu — Buj Y4YeOHBIX 3aHATHH, ABISIOIMNCA OXHOM M3 (OPM KOHTPOJIS
CaMOCTOSITENIbHOW ~ paboThl  CTyIeHTOB. Ha KOHCympTamusix 1o Tpock0e  CTyIEHTOB
paccMaTpUBaIOTCsT Haubojee CIOXKHBIE MOMEHTBHI HpPHU OCBOEGHHMHM MaTepuana TUCLMILIMHBI,
IpenojaBaTesib OTBEYAaeT HAa BOIPOCHI CTYAEHTOB, KOTOPbIE BO3HUKAIOT y HHUX B Ipoliecce
CaMOCTOSTEJIbHOM PabOTHI.

ACHHXPOHHAsl KOHCYJbTAaUMA (B paMKaX OHJAaMH Kypca) — 3aHSATHE [0 OKOHYAHHUIO
MOJIyJIsl, HA KOTOPOM IPOBOJUTCSI KOHCYJIbTAIMs IO U3YYEHHOMY Marepuaiy, Gopmam 3aJaHui
TEKYIIEro KOHTPOJIs,, OTBETHI HA BOMPOCHI CTYICHTOB 110 IUCLUIUIMHE.

6. Ilepeyenb JMIEH3MOHHOTO M (WJIM) CBOOOJHO PACHPOCTPAHSIEMOIr0 NPOrPAMMHOIO
o0ecrievyeHusi, HMCNOJb3yeMOr0 MNPH OCYLIECTBJIeHHH 00pa30BaTeJbHOI0 IMpolecca 10
AMCUMILINHE
B xone ocymiectBieHuss 00pa3oBaTeIbHOTO MPOLIECca UCTIOIb3YOTCS:
— rpaduueckue, ayuo- U BUAeoMaTeprabl;
— MyJIbTUMEIUITHBIC IPE3CHTALINN;
— JUIsL MOJEIHMPOBAHMS CHUCTEM OOpaOOTKH IU(POBBIX CUTHAIOB HCIOJB3YETCS MaKeT
MATLAB. B cinyuyae oTcyTCTBUS JMIEH3MOHHONM Bepcuu, naker MATLAB moxer
ObITh 3aMEHEH Ha OeCIUIaTHBIM, BBICOKOYPOBHEBBIN, HHTEPIPETUPYEMBIl S3bIK
nporpammupoBanust ~ Octave,  oOmajgaronii  MOJOOHBIMH  BO3MOXHOCTSIMU
JUTSL peIIeHUs 3a/1a4 B 00J1aCTH TeOpHH HHPOPMAIIHH,
7. IllepeyeHb CcoOBpeMeHHBIX MNPO(eCcCHOHANBHBIX 0a3 MaHHBIX U HWHQOPMALMOHHBIX
CIPABOYHBIX CHCTEM, HCIOJIb3yeMbIX IIPH OCYIIECTBJIEHUU 00Pa30BaTeJbLHOI0 MpoLecca no
JUCHUIIMHE (P He0OXO0TUMOCTH)



B mpomecce ocymecTtBieHus — 00pa30BaTENBHOrO — Ipolecca M0 JUCLUILIMHE
UCTIOJIB3YIOTCS:

ABroMaTtusupoBaHHas  OubOnmoTeyHo-MHPOpManmonHas cucrema «BbYKHU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk _cat find.php

8. IlepeyeHbr OCHOBHOII W  /IONMOJIHUTEJbHOW  y4eOHOH JMTepaTypbl, pecypcoB
HHPOPMAIMOHHO-TEJIEKOMMYHUKAIIMOHHOI  cetn  «/HTepHeT», HeOOXOAUMBIX JJs
OCBOEHHS THCHHUIIJIMHBI

a) OCHOBHasl JIMTepaTypa

1. bproxanos 0. A., Tlpuopos A.JI.,, [Dxuran B. ., Xpsmes B. B. OcHoBel 1udpoBoit
00paboTku curHayioB: y4ed. mocobue. — Apocnasne: Apl'Y, 2013. — 343 c.

2. Ilpuopos A. JI., BonoxoB B. A., JIaBpentseB A. M. OcHOBbI IM(ppOBOIT 0OpaOOTKU CUTHAJIOB.
JlaGoparopubiii  mpakTtukym:  y4eb. mocobme. —  SpocmaBins:  BYHI[ BBC
«BBA uM. npodeccopa H. E. XKyxosckoro u 0. A. I'arapuna» (punman), 2012. — 195 c.

0) JOMOJIHUTeIbHAS JIUTEpaTypa

1. TapakanoB A. H., Xpsmes B. B., IlpuopoB A.JI. ApantuBHas uudpoBas o0OpaboTKa
curHaioB: y4e0. mocobue. — Spocnasnb: Spl'Y, 2001. — 134 c. [DnekTpoHHBIH pecype]. -
URL: http://www.lib.uniyar.ac.ru/edocs/iuni/20010738.pdf

2. bproxanos 0. A., TIpuopor A. JI. I{udpossie ¢uibTpel: y4ed. mocobme. — SpociiaBis:
Apl'Y, 2002. — 287 c.

3. bproxanos 1O. A. [{udpoBbie 1ienu ¥ cUrHANBL: yael. mocodue. 2-e¢ u3a. — Spocnasib: SAplY,
2005.-153 c.

4. Bbproxanos 1O. A. JIabopaTopHslii mpakTUKyM 10 Kypcy «L{npoBbie nenu u curHaib»: y4aeo.
nocodue, 2-e u3z. — SApocnasns: Apl'Y, 2007. — 139 c.

5. Xpsues B. B., IIpuopos A. JI., Bonoxos B. A. OcHoBbl Teopuu uemnei: cOOpHUK 3adad. —
Spocnasins: Apl'Y, 2008. — 119 c.

B) pecypcbl cetu «AHTEepHET»:

1. DnexkTpoHHas OubnroTeka yueOHbIX MaTepuanoB Apl'Y
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php).

9. MaTepuajibHO-TeXHUYeCKas 0a3a, HeOOX0AMMAas ISl OCYIeCTBJIEHUS 00pPa30BaTEIbLHOIO
npouecca no JUCHHUIINHE
MarepuanbHo-TexHHUECKas: 0a3za, HeOOXOAMMas ISl OCYLIECTBICHUS 00pa30BaTENILHOTO
poruecca 1o JUCUUIUIMHE BKJIIOYAET B CBOM COCTAB CIIELIMAIbHBIC IOMEICHUS:
— ydeOHbIe ayAUTOPHUH Ul IPOBEACHUS 3aHATUH JIGKLIMOHHOTO THUIIA;
— y4eOHbIe ayAUTOPHUH JUI IPOBEACHUS 1a00paTOPHBIX padoT;
— yueOHBIE ayAMTOPUH JUISL TPOBEJCHUS TPYNIOBBIX W  WHAWBUIYaJIbHBIX
KOHCYJIbTallUH,
— ydeOHblEe ayIUTOPUM ISl MPOBEAEHUS TEKYIEro KOHTPOJIS M IPOMEXKYTOUHOU
aTTecTaluy;
— TIOMEUIEHUS JIJIsl CAMOCTOSITEIbHONU paboThI;
— TOMEWICHHS JUIS XpaHCHHS W NPOPHIAKTUYECKOTO OOCITYKMBAHHS TEXHUYECKHX
CpencTB O0ydeHHs.
CrienanbHble TOMEIIEHUS] YKOMIUICKTOBAHBI CPEACTBAMU OOYUYECHHS, CIY>KalllUMHU JJIs
MpeICTaBICHUS YueOHOW HH(pOpMaIK OOJIBIIION ayIUTOPHH.
[Tomemenuss At caMOCTOSTENFHON pabOThl 00YYAIOMIMXCSI OCHALICHBI KOMIBIOTEPHON
TEXHUKOM C BO3MOXKHOCTBIO MOAKIIOUEHMs K ceTH «MHTepHeT» M obecrneueHueM AocTyna K
3NIEKTPOHHOM MH(OpMaIIMOHHO-00pazoBaTenbHOM cpee SAplY.

ABTOD:
Accucrent xadeapsl UKP JleOeneB A. A.




IIpuniaoxenne Nel k padoueit nporpamMme AUCHHUIIHHBI
«Iudposas puabTpanus»

®oHJ O1IEHOYHBIX CPEICTB
AJ1s NPOBeieHUsl TeKylleil 1 MPOMeKYTOYHOM aTTeCTAllUH CTY/IeHTOB
10 JMCHHUIIHHE

1. TunoBble KOHTPOJIbHBIE 32JaHUS UJIH HHbIE MATEPHAJIbI,
Heo0XoauMbIe 1JIsl OeHKU 3HAHUH, YMEeHH i, HABbIKOB M (MJIH) ONBITA 1eATEJbHOCTH,
XapaKTepPU3yHIIUX 3Tanbl GOPMUPOBAHHUS KOMIIETeH M

1.1. KoHTpoOJ/IbHBIC 32/1aHUA M HHbIE MATEPHUAJIbI,
HCNOJIb3yeMble B IIpolecce TeKylleil aTTecTaluu

JlonmoaHuteabHbId TecT Ne 1
BBenenue B cucremy komnbroTepHoro mojenuponanust MATLAB

1. lan BekTop-cTpoka X. YUTO MPOHM3OWIET C ITHM BEKTOPOM TIPHU BBITIOJHEHUU B
MATLAB xomanas! X " ? Beioepure npaBUiibHbIN OTBET (OTBETHI).

a) Bektop X ocTaHeTcs BEKTOPOM-CTPOKOHM, a €ro 3JIeMEHThl OyAyT pacroJIOKEHBI B
00paTHOM TOpsJIKE.

0) Bektop x OyzeT TpaHCTIOHUPOBAH.

B) Kaxnplil anemMeHT BekTopa X OyJeT BO3BE/ICH B CTETCHD 2.

r) BekTop X cTaHeT BEKTPOM-CTOJIOIIOM.

2. JlaH BEKTOp X, KOTOPBIN ornpeaensercs U nnnnuanuzupyercs B MATLAB crnenyromieit

KOMAaHI0U:
Xx=[1234567 89 10 11 12];
YT0 MpoU30MAET C BEKTOPOM X IIPU BBIIIOJIHEHUHM KOMAaH/BbL:
y = x(2:2:end);
Bribepute npaBuIIbHBIN OTBET (OTBETHI).
ayXx = [2 4 6 8 10 12];
0) Ecnu cunTath BEKTOp X AMCKPETHBIM CUTHAJIOM C IEPHOAOM AMCKpeTH3auuu I, TO

BEKTOp Y OyZ€T AUCKPETHBIM CUTHAJIOM C NEPUOJIOM AUcKpeTu3auuu 27 .

B) BekTop y OyzaeT cocTosATh U3 3HAYCHHUI C HEYETHBIMUA HOMEPAaMH BEKTOPA X.
r) B BexTop y 3anmieTcst Kaxkaplil BTOPO 2JIeMEHT BEKTOpa X.

3. Kakas (xakue) u3 cienyroumx apupmerndeckux omepanuss B MATLAB sBastorcs
M03JIEMEHTHBIMHU.

a) +;

0) ./;

B) . *;

r) .";

4. lonyctum B MATLAB BBINOAHSIOTCS CIEAYIONINE KOMAHIbI:
A=1]12; 34; 5 6];
B=1[123; 45 6];



Kakas (kaxue) u3 cnenyrommx xkoman B MATLAB sBnsitorcs BEpHBIMU ISl JAHHOTO

ciayvas’?
a)C = A * B;
6)C = A" * B;
B)C = B + A;

rC = A" + B;

5. Ilycts nana ciegyromias MaTpua:

16 2 3 13
5 11 10 8

9 7 6 12|
4 14 15 1

Kakoe (kxakume) u3 crnepyronmmx MATLAB-BblpakeHuii 1y oOpalieHus K HWHAEKCaM
MAaTpUIIbl IO3BOJIAT OJTYYUTh MaTPUILy BUAA:

16 2
|5 n
19 7
4 14
a)B = A(:, 1:2);
6)B = A(:, 0:2);
B)B = A(0:4, 0:2);
r)B = A(1:4, 1:2);

6. PaccMoTpuM Marmueckuil kBajapar, 1300pakeHHbIN Ha rpasiope AsbOpexrta [[ropepa
«Menanxonus». [IpeacraBuM 3TOT KBaapaT Kak MaTpHIly, COCTOSIIYIO M3 YETBIpEX CTPOK U
yeTripex cToa0110B. B MATLAB 5T0 MOXHO peain30BaTh ClIeAyIONIEeH KOMaH 10!

A =116 3 2 13; 510 11 8; 96 7 12; 4 15 14 1];

Uemy paBHBI CyMMBI 3JIEMEHTOB BJIOJIb CTPOK, CTOJIOIIOB M TJABHOW IHWAroHAJIA 3TOU
MaTpullbl. Beioepute npaBUiIbHbIN OTBET.

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

6) Cymma 2JIEeMEHTOB BJOJIb CTPOK OOJIBIIIE CyMMBI 3JIEMEHTOB BJIOJIb CTOJIOIIOB U CyMMBI
3JIEMEHTOB BIOJb TJIABHOM JUAroHalu.

B) CymMmMa 3J€MEHTOB BJIOJIb CTPOK, CTOJOIOB M TJIABHOW JMATOHAIW OJUHAKOBA H
paBHa 34.

r) CyMMBI 3JIEMEHTOB BJI0JIb CTPOK, CTOJIOLIOB ¥ IIaBHOW AMArOHAIN pa3indyaroTcsl.

3ameuanmue. [11s1 peleHns 3a1a4u BOCIONb3yiTech komanaamu MATLAB sum u diag.

7. PaccMOTpuM Marm4eckui KBaapaT U3 Hpeaslayliero Bompoca. IIpencraBum ero kak
Marputy B MATLAB. BbinogHuM nocienoBaTelbHO HaJ A3TOM MaTpUIEH CIEIyIoIe
Omepalyy: BHAYaJIe BO3BEJCH KAXJIbII 3JIEMEHT 3TOM MATPHIIbl B TPEThIO CTENEHB; K KaXIOMY
JJIEMEHTY TONy4YHUBIIEHCS MaTpuibsl Ao0aBuM 3HayeHHH 100; W3  KaXIOro JJIeMEHTa
MOJIYYUBILIEHCS MaTPHIbl BBIYMCIMM KBAJAPATHBIA KOPEHb, MPOCYMMHPYEM BCE 3JIEMEHTHI
MOJTyYHBIIEHCS MaTpuilbl. YeMy paBeH pe3yJibTaT UTOTOBOIO CYMMHPOBAHHUS C TOYHOCTBIO 0
BTOPOIO 3HAKA MOCJE 3ansTON?

PesynpTatr cymMmmupoBaHus =
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8. Uemy paBHBI MOMAYJIb M Yyrojl CJICAYIOIIEro KOMIUIGKCHOTO umcia: 2 + 2*1.
Pesynprar 3anuiumTe ¢ TOYHOCTBIO O BTOPOrO 3HAKa IOCiHE 3amsaTou. [[ns pemreHus 3agadyu
Bocnosb3yiitech MATLAB-¢dyunkuusmu abs u angle.

Mopyns =

Yron =

9. Kakas u3 crneayronmux (yHKIHUNA MO3BOJIIET CTEHEPHUPOBATh MATPHILy, COCTOAIIYIO U3
AJIEMEHTOB CIIy4ailHOM BEJIMYMHBI C PABHOMEPHBIM PACIPEAECICHUEM.

a)ones(N,M);

0) zeros(N,M);

B) rand(N,M);

r) randn(N,M);

10. Ilyctp A siBnsieTcs MaTpHUIed M3 JECSITH CTPOK U JIECSATH CTOJIOIOB, @ X — BEKTOD,
COCTOHHII/II\/'I U3 JECATHU JJIEMCECHTOB. I[J'IH BBIITIOJIHCHHUA MAaTPpUYHOI'0 YMHOXCHHA AX MOXHO
BOCIIOJIB30BATLCA CICAYIOMIUM KOOOM:

A = ones(10, 10);

X = ones(10, 1);

v = zeros(10, 1);

for 1 = 1:10

for jJ = 1:10
v(@) = v(i) + A, 3) * x3);
end

end

Kaxkas (kakue) u3 cleayronmx KOMaH MO3BOJIST BEKTOPU30BAaTh KO/, MPEICTaBIICHHBII
BBIIIIE, Y MTOJIYYUTh aHAJIOTMYHBIM pE3yIbTaT YMHOXKEHHSI MaTPULIBI HA BEKTOP?

a)v = A * x;

0)v = AX;

B)V = sum(A * X);

nv = A .* x;

11. Ilycts ecThb [Ba BeKTOPA-CTONONA V M W, COCTOSIINE M3 CEMH SJIEMEHTOB.
PaccmotpumM cnepyrommii Kox:

v = ones(7, 1);

w = ones(7, 1);

z = 0;
for 1 = 1:7

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

Kakas (kakume) wu3 cnemyrommx komann B MATLAB 103BOJST BBIUUCIUTE Z
AQHAJIOTUYHBIM 00Pa30M, UYTO U B KOJIC BBIIIIE.

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

0)z vV * ow;

B) Z v *ow;
Nz =v .*w;

12. Ilycth ecth MaTpunia X, COCTOSIIAS U3 CEMH CTPOK M CEMHU CTONOIOB. BEIOTHIM HaJl
9TOW MaTpulel cleayloume MpeoOpa3oBaHUs: BbIUKCICHHE HATypallbHOTO Jorapudma ot
KQXKIOr0 JJIEMEHTa, BO3BEJCHHE B KBagpaT KaXJOTO SJEMEHTa, 100aBlEHUE EIUHHIIBI K
KOKJIOMY JJIEMEHTY, JEJIECHHE KaXKIOro 3yieMeHTa Ha 4. BBINOIHUTE 3TH onepanuu MOXKHO C
WCIIOJIb30BAaHUEM CIEAYIOLIEr0 KOAA:
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X = ones(7,7);
for 1 = 1:7
for j = 1:7
ACE, 3) = log (X(1, 1));
B(i, §J) = X(i, J) ™ 2;
C(i, §) = X(1, j) + 1;
D, J) = X(1, §) 7 4;
end
end
Kakas (xakue) u3 cieqyromux KOMaH KOppeKTHO BeruucaiaT A, B, C uinu D?
a)B = X ™ 2;
0)D = X / 4;
B)B = X .~ 2;
r)C = X + 1;

13. Kakas u3 cieayronmii KOMaH/1 MO3BOJISICT BU3yaTM3UpOBATh CUTHAT B BHIEC HaOopa
OTCUETOB, TO €CTh <«JHarpaMMBbl, COCTOSIIEH W3 JieJeHIIOB Ha manouke» (anria. Lollipop
Diagram).

a)plot.

0) surt.

B) mesh.

r) stem.

14. Kakas wu3 caenytomux MATLAB-koMana mo3BOJIIET NOMECTUTh TEKCT Hal
rpaduxom QyHKIIH?

a) title.

0) xlabel.

B) axis.

r) ylabel.

15. Kakyto (kakue) M3 CIEAYIOUIMX KOMAaHJ MOXHO HCIIOJIb30BaTh JJIsi BU3yalW3allud
(GYHKINN OJJHOHM MIEPEeMEHHON TaK, YTOOBI IIBET JIMHUH, OTIMCHIBAIOIIEH (PYHKINIO, OBLIT KPACHBIM.

a)plot(x, y, "Color®, “red");

6) plot(x, y);

B) plot(x, y, "red”);

r)plot(x, y, "rv);

16. PaccMoTpuM paiMOMMIYJILC C JHHEWHONW 4YacTOTHOM Mopmynsiueit (anra. Linear

Chirp) x(t) = cos(2mfyt + omtz), rae o = / lfo Jfo —4acToTa KoyeOaHHs PaJHOMMITYJIbCa B
t
Sfo+ N
MOMEHT BpemeHu O, S MTHOBEHHAsi 4acTOTa B MOMEHT BpeMeHH f. Hamummure

MATLAB-x01, KOTOpBIM BBIYHCIWAT MPOAUCKPETH3UPOBAHHYIO BEpCHUIO CUTHaMa x(f) ¢
gactoToi muckpernzamuu f, = 8000 I'm Ha unTepBane 0<¢<2 cex. YcraHoBute fj =0 I'lg
u fy=10In, a ¢ =2cex. Busyanusupylte IUCKPETHYIO BEpCHIO CUTHana  x(f)

¢ ucnonb3oBanueM komanzabl P lot. Kakoe konnvecTBo pa3 curaan nepecekaeT och adcrmcec?
Yucno nepeceyeHun =
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17. ana nociienoBaTenbHOCTh X(71) KOHEUHOM JUIMHBI, COCTOAILAS U3 YETHIPEX OTCUETOB
x(0)=1, x(1)=0, x(2) =0, x(3)=1. Uemy paBHO nuckpetHoe npeodpazoanue Oypwe (AI1D)
sToil mocnenoBarenbHOCTH. [Ipu Bhrunciaenun JIID moxkno Bocmomb3oBaThcsi MATLAB-
dyukuueit FFL.

X(0) =

X()=

X(2)=

X(3)=

18. Hanmummte MATLAB-kon, KOTOpBIM TO3BOMUT BbIYMCIUTH Bbixon y(n) JIMC-

CHCTEMBbI, ONMHMCHIBAEMON CJIEAYIOIIMM JHMHEHHBIM pPAa3HOCTHBIM YPAaBHEHHEM C ITOCTOSHHBIMH
K03 (ppunreHTamu:

)+ 2y(n—1) = x(n)—%x(n—u,

rae y(0)=0, x(n)=0(n)+ %S(n —1). Kakoe (kakue) 3 cleAyOIUX YTBEPKACHUN SIBISICTCA

(SIBJSIFOTCST) TIPaBUJIBHBIMU?
a) OunbTp SBISETCS YCTOWYUBBIM, HO BBIXOH )(7n) pacXxoguTcs H3-32 BBIOPAHHOTO

BXOJIHOTO curHajia x(n).
6) y(5)=2.

B) y(5)=1.
r) unbTp sABIAETCS MaTeMaThyeckw HeyctohuuBbiM. 3amyck  MATLAB-kona

MTOKa3bIBACT, UTO | y(50)| >1013.

1) Berxon y(n) mpeacraBisieT pacxoIsIIuecs: OCIHIUIAINN OTHOCUTEIBHO HYJIS, TO €CTh
IIpU yBEIMUYEHUU N a0COIOTHAS BEIMYMHA )(71) yBEIMYUBACTCS, a 3HAKU V(1) YepeayroTCs.

19. Kakass u3 ciuemyromux KOMaHJ TO3BOJS€T CreHEpUpOBaTh 3HAUYEHUS ClIydyailHOU
BEJIMYMHBl C MaTeMAaTUYECKUM OXHMJIAaHUEM paBHbIM 5 M aucnepcueil pasHou 47 s
BBIUMCJIEHUs] MaTeMaTtudeckoro oxuaanus u aucnepcud B MATLAB mMoxHO BOCnonib30BaThCs
KOMaHJaMH Mean u vVar, COOTBETCTBEHHO.

ayr = 1 + 2 * randn(100,1);

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

B) I 1+ 4 * randn(100,1);

rr =5+ 4 * randn(100,1);

20. Otkpoiite u 3amyctute ¢aitn image_Filtering.m, Haxoasmuiics B mamke ¢
tectroM. Kom B d¢aiiie MO3BOJAET BBHINOJHUTH JABYMEPHYI (QWIBTpAlUIO HQPPOBOTO
u300pakeHust ¢ ucnoib3zoBanueM apymepHoil JIMC-cuctemsl. [TocmoTpute Ha oOpaboTtanHOE
n300pakeHre M OTBEThTE Ha cienyroumii Bompoc. C HUCHONB30BaHUEM KaKOro U3 JIBYX
¢uneTpoB (PHY, ®BY) Ob110 00paboTano BXoAHOE H300paxkeHue?

a) ®HY.

6) ®BY.

3ameuanme. [Ipy  oTBere Ha BOMpOC 00s3aTeIbHO OOpaTUTE BHUMAHHWE HA
BU3YaJIM3UPOBAHHYIO, BMECT€ C HMCXOJHBIM U 00paOOTaHHBIM H300paKEHUSIMH, JBYMEPHYIO
aMIUTUTYAHO-4aCTOTHYI0 XapakTepucTuky (AUX) dunbrpa. OHa npencrasisier coboit GyHKINIO
JIBYX NPOCTPAHCTBEHHBIX YacTOT, @ HE OJHOM YacTOThl, KaKk B OJAHOMEpHOM ciydae. Ecmu
nocMoTtpeTh Ha rpadguk AUX cBepxy (Haxxmute kHONKY Rotate 3D B mMeHto rpaduka), To pOBHO
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B ICHTPC BI/13yaJ'II/ISI/IpOBaHHOI71 KapTUHKH 6YI[CT HaxXOOUTBCSA TOYKa C HYJICBBIMU 3HAUCHUAMU
MMPOCTPAHCTBCHHBIX YaCTOT.

Tect mo Teme Ne 1
Benenue B iudpoBbie GrIIbTPHI

1. IlpencraBbTe cebe, 4TO BaM HEOOXOIMMO HACTPOUTH MCIAHCKYIO ruTapy. B mporecce
HACTPOMKH BbI CIBILIUTE JIBAa 3BYKOBBIX (DparMeHTa, KOTOPbIE MPEICTABICHbBI HIXKE.

®parmeHT A.

®parmeHr b.
B xaxxnom u3 parMeHTOB MPOUTPAHBI OJTHOBPEMEHHO JBE HOTHI (3ByUaT ABE CTpyHBI). Kakoit u3

CJIEIyIOIIMX BAPUAHTOB OTBETOB SIBJISETCS PAaBUIbHBIM?

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

6) ®parmeHT A — cTpyHa HacTpoeHa; dparmeHT b — cTpyHa HacTpoeHa.

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

r) @parMeHT A — cTpyHa HacTpoeHa; @parment b — cTpyHa He HacTpoeHa.

3ameuanue. /{15 MOHMMaHMsI HACTPOUKH MIECTUCTPYHHOU THUTApbl CMOTPUM CIIETYIOIIEE
BUJCO. A MaTeMaTHUYECKH BCE€ BBINIAAUT Tak. IlycTe yacToTa ONOpHON rapMOHMKH paBHSAETCS
(¢ paguaH, a 4acToTa HAacTpaMBacMoWl — O pamuad. [IpM HACTPOWKE TI'MTAaphl «HA CITyX»

HEOOXOIMMO CIIeTIaTh TaK, YTO0BI M = @ . [Iporenypa HaCTPONKH TaKOBa:
1. Tlepenectr @ OIU3KO K O -
2. Korma ® = @ mpourpaTh 00e rapMOHHKH (CTPYHBI) BMECTE.
3. Jlnst onucaHust MyHKTa 2, MATeMaTHIECKH, UCIIOIb3yeM TPUTOHOMETPHIO:

A . Oy — O b + O
x(n) = cos(myn) + cos(wn) = 2cos OTn cos OTn ~

~ 2¢0s(Agn)cos(@gn).
Torma cos(Agn) — 3T0 cHrHaN «OMMGKI», KOTOPHIH MOYJIMPYET Hecyllee KoneGaHue, To ecTh
cos(dgn). Korna & ~ @, CHrHAI «OUTMOKM» SBJISETCA JIOCTATOYHO CJIAOBIM JUIS TOTO, YTOGHI
ero MOXKHO ObUIO yCibImAaTh. ICIONb30BaHHE MOAYISLHUU IO3BOJSCT IIEPEHECTH CHUrHAN

omuOKu B CJIBIIIUMYIO 0071aCTh YacTOT U IMMOYYBCTBOBATH €ro, KaKk aMIINIMTYHBIC OCHHUJIIAINN
HECYHICTO KoJIEOaHHSL.

2. Ucnone3ys komanmy run signal_stft.p zanyctute B8 MATLAB p-daiin
(ananor m-gaiina, HO CO CKpPBITBIM KOAOM), HAXOISIIMNCS B TANKe C TECTOBBIM 3aJaHHEM.
3amnyleHHbI KOJI MO3BOJIMT CIE€HEPHPOBATh HEKOTOPBIM CHUTHAJ, COCTOSIIIMA W3 HECKOJbKHX
TapMOHUYECKHUX KoJieOaHUil. DTH KoyieOaHus CIEAYIOT APYT 3a APYTOM W Pa3/EiCHBI May3aMH.
Cam curnan B Workspace nmakera MATLAB nenoctynen. [Ipoananusupyiite crnekrporpammy
ATOTO CHWTHaNa, TOJYYEHHYI0O Ha OCHOBE OKOHHOTO TNpeoOpazoBanus dypee, u BbIOEpHTE
MIpaBUJIbHBIN OTBET U3 BAPUAHTOB HIXKE.

a) CreHepypOBaHHBIA CUTHAJ COCTOUT U3 TPEX TapMOHUK Pa3HOM YacTOThl, KOTOpbIE
CIIelyl0T B MOpsJKe: rapMoHMKa ¢ yactotoi f; [I'n], 3atem — f, [I'u], nanee — f3 [I'u], roe

Nh<fa<f3.
0) CreHepHpOBaHHBI CHTHAJl COCTOMT W3 TPEX TapMOHHMK Pa3HOW YacTOThI, KOTOPbBIE
CIIEIyIOT B MOPsJAKE: rapMOHMKa ¢ dactotoi f3 [I'm], 3atem — f5 [I'u], mamee — f; [I'u], roe

Nh<fa<f3.
B) CreHepupOBaHHbIM CUTHAJI COCTOMT M3 TPEX TAPMOHUK pa3HOM 4acTOThl, KOTOpbIE
ClIelyloT B MOpsAKe: rapMoHMKa ¢ yactotoi f; [I'n], 3atem — f3 [I'u], nanee — f, [I'u], roe

h<fa<f3.
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r) Kro-H1Oyap 3ameTun 31ech Oosibliiee KOJUYECTBO TAPMOHUYECKUX KOJIeOaHU!

3. Ha pucyHke HMXe NpeacTaBleHbl YeThIpe AuarpaMMbl TpeOboBanuii k AUX gacToTHO-
u3buparenbHbix KUX-¢punprpoB. Kakas u3 numarpamm TpeGOBaHUM COOTBETCTBYET 3a/1aHHUIO
crienupUKani I PeKEKTOPHOTO QUITBTPA.
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ITepexoaubie Ilepexonnsbie
IIOJIOCHI MIOJIOCHI
B) r)

4. Heobxonumo cunHte3upoBath IudppoBoit KUX-QunsTp HIKHUX YACTOT, KOTOPHIHA
YJIOBJIETBOPSIET CIEIYIOIINM CTICITU(PUKAIHSIM:

®, =0.181, &, =0.221, 5, =0.0001, 5, = 0.001.

Jns pacueta K03(QPUIMEHTOB UMITYIbCHONW XapaKTEPUCTHUKU BaM MpPEIaraeTcsl MCIOIb30BaTh
MeToJT OKOH. Kakne okoHHbIC (YHKIWH, NMPEACTABICHHBIC HWKE, TMOIOWIYT JUISI PEIICHUS
TAHHOU 3amauu’?

a) OxHo baptnerra.

0) OxkHo X>HHHUHTA.

B) OxHO X3MMUHra.

r) OkHo bikmena.

5. Heo6xoaumo cunTe3upoBath mudposoit KUX-GunbTp HIKHHUX YacTOT, KOTOPBIN
YIIOBJIETBOPSIET CIEIYIOIINM CTICITU(DUKAIIASIM:

®, =0.181, &, =0.221, 5, =0.01, 5, = 0.001.

Jns pacdera ko3¢ PUIIMEHTOB UMIYIBCHONW XapaKTEPUCTUKU BaM PEKOMEHAYIOT HCIOJIb30BaTh
METOJ OKOH M OKOHHYIO0 (yHKIHIO biskmena. Kakoil mopsiok CHHTE3UpOBaHHOTO (PuiibTpa, a
Takke MakcumanbHoe oTkioHeHHe AUX ot 1 B monoce mpomyckanus (III1) u makcumanbHOE
otkionenre AUX ot 0 B monoce 3anepxuBanus (I[13) OyayT momyueHsl B JaHHOM clTydae.

[Mopsnox ¢unbrpa =

Makc. otxi. AUX B III1 =

Makc. otki. AUX B I3 =
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6. Kakue u3 ciieytonmx CUCTEM SBISIOTCS IMHEUHBIMU?
a) AMILTUTYHAST MO ISIUS:
y(n) = x(n)cos(d,n),
rae x(n) — mepenaBaeMoe cooOIIeHHe, a cos(®,7) — Hecylee KoebaHue.

dZ
6) y(t) =—=x(1).
dt
B) PacTsaruBanue (cxkatue) BpeMeHHOM mikanbl: Y(f) =x(or). Hampumep, eciu BbI

npourpeiBacte LP-45 BUHWIOBYIO MIACTHMHKY CO CKOPOCTBIO 33 00/MuH, TO KO3 UIIUEHT
o =33/45.
r) OrpaHn4eHue CUrHaaa Mo aMIUIMTYAE BUJIA:

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

n)=
y(m) M,  unaue.

1) Beruucnenue npeo6paszosanus ®ypre quckpersoro pemenn X (e/®) (anrm. Discrete-
Time Fourier Transform) nmocnenoBarensHocTu x(71) .

7. Kakue U3 cneayromux CUCTEM SBISIOTCS MHBAPUAHTHBIMU K CIIBUTY?
a) AMIUTUTYTHAsE MOTYJISILIHSI:
y(n) = x(n)cos(®d,n),
rae x(n) — mepenaBaeMoe cooOLIeHHe, a cos(®,7) — Hecylee KoebaHue.

2
6) ¥ = x().
dt

B) PacTaruBanue (cxatue) BpemMeHHOW Imkanbel: y(f) = x(at). Hampumep, ecnu Bbl

npourpeiBacTe LP-45 BUHWIOBYIO IUIACTHHKY CO CKOPOCThIO 33 00/MuMH, TO KO3(pHUIIUEHT
o =33/45.
r) OrpaHnyeHue curHaga no aMIUIMTyA€ BUJA:

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

n)=
y() M, unaue.

1) Beruncnenue npeobpasosanus ®ypre auckpernoro spemenn X (e/®) (anrn. Discrete-
Time Fourier Transform) nmocnenoBarensHocTu x(71) .

8. [IpeacraBuM cebe, 4TO B KadyecTBE HUMIyJbCHOU xapakrepuctuku JIMC-cuctemsr
BBICTYNIA€T MMIYJbCHBIM OTKJIMK TMOMEIIEHUA. OTOT OTKJIMK MOXHO TOJYy4YHUTh C
UCIIOJIb30BAaHUEM MHUKpPO(QOHA, KOTOPBIM 3alUCBhIBA€T 3BYK, IPEACTaBISIOLUINI paccerBaHUE
UMIYJIBCHOTO HMCTOYHHMKA 3ByKa. [IpumMepoM MOAOOHOrO OTKJIMKA MOMKET BBICTYIATh
UMITYJIbCHBIM OTKJIMK JIo3aHHCKOTO cobopa, koTopbii uaMepun Joxmannu M. (Dokmanic [.) u
€ro KOJUIETH, 3alicaB 3BYK JIOMHYBILIETOo B coOOpe BO3AymIHOro mrapuka. [Ipocmymaiite a3ty
3anuch. BeInogHeHNe onepanuu CBEPTKH 3TOM 3amucH (MMITYJIbCHOW XapaKTEpUCTHKU cobopa),
HampuUMep, C 3aMUChI0 MY3bIKaJbHOTO (parMeHTa, IMOJYYEeHHOTO C HCIOJIb30BaHUEM
BUOJIOHYEITH, TTO3BOJISIET HCKYCCTBEHHO MEPECO3/1aTh aKYCTHKY OOJIBIIOr0 MPOCTPAHCTBA COOOpA.
B utore MoxeT ObITh MOMYUYEH CIEAYIONINIA My3bIKaabHbIA (pparMent. OTBETHTE Ha CIETYIOMINN
Bonpoc. Kakum cBoiicTBam yA0BIETBOPSET UMITYJIbCHBIN OTKIIMK JIo3aHHCKOTO cobopa?

a) YCTOMYMBOCTH B CMBICJIE OTPaHUYEHHBIN BXOJl — OrpaHndeHHbIH Beixoq (OBOB).

0) MmynbcHast XapakTepUCTUKa UMEET OECKOHEUHYIO JITTUHY.

B) Kay3anbHOCTb.

9. Ilycts nmmynscHast xapakrepuctrka JIMC-cuctemsl uMeeT BUL:

16



h(n) =38(n)—0(n-1),

a BXOJHOE BO3JIeiiCTBHE HA CUCTEMY ONPCACITIACTCA CICAYOINUM o6pa30M:

{1, n=0,
x(n) =
0, unaue.
BoerurcnuTe BBIXOJ CHCTEMBI B cleayromue MoMeHThl Bpemenu: y(—1), y(0), y(1),
y(2).
y(=1)=
y() =
y(0) =
y(2) =

10. ITycte umnynbcHas xapakrepuctuka JIMC-cuctemsl umeeT BUA:
h(n) = 8(n) =8(n-1),

a BXOJHOE BO3JIeiiCTBHE HA CUCTEMY OMPECACITIACTCA CICAYOINUM o6pa30M:

n, n=>0,
x(n) =
0, unaue.
Boeruricnute BBIXOJ CHCTEMBI B cleayromue MoMeHThl Bpemenu: y(—1), y(0), y(1),
y(2).
y(=D)=
y() =
y(0) =
y(2) =
JlonosxHuTEAbHBIH TecT Ne 2
Brenenue B iudpoBsie PrutbTphl
1. Paccmorpum @HY ¢ 4acTOTHOM XapakTEpUCTHKOM, MPEIACTABICHHON Ha PHUCYHKE
HUKE.
H(e™)
A
1

vo

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

Yro saBnsercs BbBIXOAOM y(n) 3TOro (QuiIbTpa, €CIM BXOJHOE BO3ZCHCTBHE

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

y(n) =

3ameuanue. OOpaTuTe BHUMAHUE HAa TO, YTO B 3aJady€ YacTOTHAs XapaKTEpHUCTHUKA
IpeJICTaBICHA B BElIeCTBEeHHON opme, To ecth DUX dunbpTpa npeanonaraercs paBHONW HYJIIO.
[Ipu pemienun 3amayvi HEOOXOJMMO BCIOMHHUTH, Kak Bo3aedcTByeT AUX Ha aMIIUTYIHBIN
CHEKTp CHUrHaja (TeopeMa O CBepTKe). 3Has 3TO, KaKWe-TO BBIYMCIICHUS, CBSA3aHHbBIE C
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UCTIONIb30BaHNEM TipeoOpazoBanus Dypbe muckpetHoro BpemeHu (anri. Discrete-Time Fourier
Transform), Bam He MOHaIO0STCS.

T . o
2. Ilyetp x(n) = COS(E nj NpeaCTaBiseT co00M CUrHal, MolaBaeMbli Ha BXOJ (PUIIBTpPA C

" 1. T
UMITYJILCHOM XapaKTEPUCTHKOM h(n) = g sinc g nl. Beruucnure CHUTHAJ

o0
y(n) = Zx(m)h(n —m) Ha BBIXOJ€ (QWIBTPAa M yKa)KUTE B OTBETE TO, YEMY PAaBEH BBIXOJ B
m=—0

MOMEHT BpeMeHH n =5, To ecTh )(5).

v =
3ameuanue. [Ipu pemieHnn 3a7a4n MOCTapalTECh MUCIOIB30BAaTh YACTOTHYIO O0JIACTh U
TEOpEeMY O CBEpTKe, IpeaBapuTesbHO onpeaenus hopmy AUX GuiabTpa u €ro 4acToTy cpesa.

3. Ucnonp3ys komanay run problem_3.p 3amycrure B MATLAB p-daiin (ananor
m-(aiina, HO CO CKPBITBIM KOJIOM), HAXOISIIMNACS B MAIKe C TECTOBBIM 3aJaHEM. 3aIyICHHbIH
KOJl TIO3BOJIUT TIOCTPOHUTH HYJb-TIOJIOCHYIO TUarpamMmy QHIbTpa, MPEACTABIISIONIEIO COOOM
JINC-cuctemy. Ilpoananusupyiite nuarpaMmy M OIpPEACIUTE YAaCTOTHYIO H30MPaTEIbHOCTH
(®HY, ©BY, [1®, PD) dunstpa, €ero nopsaIoK U pe30HAHCHYIO YacTOTY.

YacTtoTHast ©130MPATEITHLHOCTS:

[opsanox ¢unbtpa =

Pe3onancHas yactora = panuaHs.

4. 3anyctute B MATLAB m-daiin problem_4 .m, Haxoasmuiicst B manke ¢ TeCTOBBIM
3amanueM. IlpennoxkeHHbId Ui aHamu3a KOoJ MO3BOJIIeT 00paboTaTh aJIUTUBHYIO CMECh JBYX
rapMOHMYECKHX CUTHAJIOB, UMEIOIINX ONpPEeIIC€HHbIE aMIUINTY1bl, HauaidbHbIe (Da3bl U YACTOTHI.
B kauectBe ¢umibTpa, ydacTByromero B o0paOOTKe HCHONB3YETCsl YaCTOTHO-M30MpAaTeIbHbIHI
BUX-dpunsTtp. BeiGepute npaBriIbHBIA OTBET (OTBETHI) U3 BAPUAHTOB, IPEICTABICHHBIX HIKE.

a) Micnonp3yeMslii GUIbTp ABISETCS PEKEKTOPHBIM.

0) Mcnonp3yeMblii (GUIBTP SIBISETCS MOJOCOBBIM.

B) l'apmonuka Ha wactore 0.01m pamman mporyckaeTrcs, a TapMOHHMKAa Ha YacTOTe
0.5m paguaHT MOJABISETCA.

r) lapmonnka Ha uacrtote (.57 paguaH mnpomyckaercs, a TapMOHHMKAa Ha YacTOTe
0.0l paguaHT noAaBIsieTCs.

1) O6e rapMOHHMKH TTPOITYCKAIOTCS UCIIOJIB3YEMBIM (PHUITBTPOM.

5. Beruucnuth z-npeoOpazoBanue mocienoBaTenbHocTH x(n) =n-1(n), ykazaB 00yacTb
cxoauMocTu X (z2).

X(z)=

3ameuanme. Ecmu  o0macth cXomuMmocTH — z-mipeoOpa3oBaHusi B OTBEeTe Oyjer
OTCYTCTBOBATh, OTBET 3aCYHTaH He OyeT!

1

(1 —0.42‘1)2

6. Beruncnouthk oOpaTHOe z-ipeodpazoBanue X (z) =

zZ|>04.

x(n) =
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3ameuanme. [Ipu pemiennn 3a1auu 0OpaTUTE BHUMAaHKUE HA KPATHOCTH IOJIIOCA.

7. Jano pa3HocTHOE ypaBHeHUE, onucbhiBatomiee JIMC-cuctemy:
y(n)=5Sy(n=-1)+6y(n—-2)=x(n-1).
Onpenenutsb nepeaaTounyo GpyHkuo H(z) 3TOW CUCTEMBI.

H(z) =

8. JINC-cucrema onuchIBa€TCsl pa3HOCTHBIM YPaBHEHUEM
y(n)—y(n—-1)+025y(n—-2)=x(n)—0.25x(n—-1).
Haiinute uMImyibCHYIO XapaKTepUCTHKY /A(7) ITOW CHCTEMBI, a TAKXKE OTKIUK y(71) CHUCTEMBI Ha

x(n) = (0.5)"1(n), npu HyIEBBIX HAYAIBHBIX YCIOBHUSIX.
h(n) =
y(n) =

9. PaccMOTpUM CHCTEMY, NPEICTaBIEHHYI0 Ha pucyHke Hibke. I[lycts H(e’/®) sBnsercs
. . . . T
4aCTOTHOM XxapakTtepucTukou macanbHoro ®HY ¢ gacroroi cpesa o, :Z. Paccmorpum aBa

curHana xj(n) u x,(n), KaXIpli U3 KOTOPBIX B OTHAENBHOCTU IOJAETCS HA BXOJ CUCTEMBI.
Ilycte curnanel xj(n) U xp(n) sBiIAOTCA y3KONosIOCHBIMH. Ilosmoca 4vacTor, B KOTOPOIii

T
COCPEIOTOYEH CUTHAN X (7), ONpeaesIseTcs AUara30HoM {—Z, Z} panual, a curHana x,(n) —

3n 3n .
[— T, _T U T’ 7| paguad. BeibepuTe mNpaBUIBHBIA OTBET W3 MPEACTABICHHBIX HIDKE

BapHaHTOB.

(-D" (="

x(n) B y(n)
H(e'™®) X—»

a) O6a curnana xy(n) u x,(n) OyayT NpOIMyCKaTbCs CUCTEMOM.

6) Curnan xj(n) OyZIeT MpoIycKaTbCs CUCTEMOM 0e3 M3MEHEeHMH, a CUTHaN X, (n) Oyxaer
OTOUIBTPOBAH.

B) Curnan x,(n) OyJeT mpoIlycKaTbCsl CUCTEMOM O3 U3MEHEHUH, a curHan xj(n) Oyaer
OTQHUIBTPOBaH.

r) OGa curnana xj(n) u xp(n) 6yayT oTUILTPOBAHBI CHCTEMOM.

3ameuanme. [Ipu pemennn 3agadu MCIONB3yHTE YaCTOTHYIO 0OnacTtb. BecromuuTe TO,

gto (=1)" = cos(nn) = e/™ | a mepeMHOKEeHNE CUTHATIOB BO BPEMEHHOMH 00JIACTH COOTBETCTBYET

CBEPTKE UX YACTOTHBIX 00pa30B B YaCTOTHOW 00nacTh. JlOMOMHUTENIEHO HEOOXOJMMO OTMETHTb,
yT0 npeoOpazoBanust Oypbe auckperHoro Bpemenu (auri. Discrete-Time Fourier Transform) ot

e/ pasno (O—®), rae 8(®) — nenbra-pyHkuus Jupaka, a CBepTKa B 4aCTOTHOM 001aCTH
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yacToTHOro obpaza X (ejco) HeKkoToporo curHana x(n) c ¢ynkuued O(d—®dg) maer

X(ej(&)_a)())) _
10. Ilycte  h(n) sBIs€TCA MMIYIbCHOM XapaKTEPUCTUKONW HIEaIbHOrO (HIbTpa C

o ~ T
qaCcTOTOM Cpe3a O, <E paauaH. Kakas cumcrema SBIseTCS DSKBHBAJICHTOM CUCTCMEI,

MIPE/ICTABICHHOW Ha pUCYHKe HWke? BpiOepute mpaBMIbHBIA OTBET M3 MPEACTABICHHBIX HIKE
BapUaHTOB.

x(n) N L)
—»| | cos En h(n) + >

h(n)

a) Uneansupiit ®HY ¢ ypoBHem AUX B mosioce mpomyckaHus paBHbIM 1 M yacTtoToi
cpesa @ .

0) Uneansubrit ®BY ¢ yposuem AUX B mosioce nponyckanus paBHeIM (.5 u gacToToit
cpesa T—@,. .

B) Uneanbueiii ®BY ¢ yposaem AUX B monoce npomyckanust paBHbiM 0.25 u yacToTon
cpesa @ .

r) Uneansueiit ®BY ¢ ypoBaem AUX B mosoce MporycKaHusi paBHBIM 1 ¥ TOJIOCO#
HPOIyCKaHus [®,, T—®,. ].

n) Uneansupiii ®HY ¢ yposuem AUX B mosoce MpOIyCKaHUS paBHBIM | M 4acTOTOM
cpesa O, /2.

e) Uneanbupiii ®HY ¢ ypoaem AUX B mosioce mpomyckanust paBHbIM 0.5 u 4acToToit
cpesa 20,. .

3ameuanme. [Ipu pemieHun 3agayu, BO-TIEPBBIX, HEOOXOAMMO BCIIOMHHMTH TO, 4TO

1+ cos(2x)

cosz(x) = . Bo-BTOpBIX, BOCMONB30BAaThCSl 3aMEYaHHWEM, YKa3aHHbIM B 3amade Ne 9.

B-Tperpux, BCIIOMHUTB, YTO KackajaHoe (IocienoBarenbHoe) coeanHeHue JByX JIMC-cuctem
NPUBOJUT K TEPEMHOXKECHHIO WX TMepeNaTOYHbIX (YHKIHMHA (4aCTOTHBIX XapaKTEPHCTHK), a
[apajuIeIbHOE — K CII0KECHMUIO.

Tect mo Teme Ne 2
CrnienanbHbIe TUTTBI TUPPOBBIX (PUIBTPOB

1. HapucoBate AUX upneansHoro ®BY nHa untepBane ot 0 no 4n paauas. ITomoxuts
4acToTy cpes3a (puibTpa paBHOM 3HaYeHHI0 (.57 paauaH.

OtBer u300pasure HIKe!
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3ameuanme. [Ipu m3o0paxkennn AUX 00s3aTebHO TOMMUINATE OCH W CIUHUIIBI
U3MEpEeHUs 110 HUM. [Ipu OTCYTCTBHH MOCIICTHETO OTBET 3aCYUTaH He OyaeT!

2. 3anucath MaTEMaTHYECKOE BBIPA)KEHUE, OIMCBHIBAIOIIEE I'PYNIIOBOE BpeMs 3aJePiKKU
(TpymIoByo 3a€pKKY ) TMHEHHON MHBApUAHTHON K CIABUTY CUCTEMBI.

12(63) =

3.Kak B oOmem cjay4dae BBITJISAIAT YCIOBHUS O€3BICKOKEHHOW IepeIayd CUTHAJIOB.
BriOepuTe npaBUIIbHBIN OTBET U3 BAPUAHTOB, NIPEICTABICHHBIX HUXKE.

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

6) y(n) =k -x>(n—ny).
B) y(n)=k-x(n—ny).
r) y(n)=x(n-ng).

4. Kakyio ¢opmy wmmeror AUX u ®PUYX wnudppoBoro ¢unbrtpa ans ciaydas, Korua
BBITIOJTHSIFOTCSI YCTIOBUST O€3BICKAKEHHOM TIepeaun CUrHanoB? BeibepuTe nmpaBMIIbHBINA OTBET U3
BapHaHTOB, IIPEJCTABICHHBIX HIXKE.

a) AUX u OUX sgBnAoTcs JMHEHHBIMM B IIpeaenax 3aJaHHON o0JacTu 4acToT,
3aHUMaeMOH CIIEKTPOM CHUTHAJIA.

0) AUX u ®UX sBisitoTCsS NOCTOSHHBIMU B Mpefeniax 3aJaHHOM 00JacTH 4acToT,
3aHUMaeMOH CIIEKTPOM CHUTHAJIA.

B) AUX sBusiercss nuHeiHoM, a OUX sBiseTcs MOCTOSIHHOM B Mpeenax 3aJaHHOMN
00J1aCTH YacTOT, 3aHUMAEMOM CIIEKTPOM CHUTHAJIA.

r) AUX sBnsercs mnoctossHHOM, a @UX sBisercs JMHEMHONM B mpeaenax 3aJlaHHOM
00J1aCTH YacTOT, 3aHUMAEMOM CIIEKTPOM CHUTHAJIA.

5. Kakoif u3 AByX CHEKTpOB HeceT Ooiblie HH(popMmanuu o curHane? BriGepute
IIPaBUJIbHBIN OTBET.

a) AMIUIUTYTHBIN CTIEKTD.

0) ®a30BbIii CIIEKTP.

3ameuanme. [Ipu oTBeTe Ha Bompoc 00s3aTENBHO BCIOMHHMTE aHOHC K Jekiun «KMX-
¢unbTpel ¢ muHelHON @UX», npeacTaBlIeHHbIN Ha CTpaHULE Kypca.

6. Ins xakux (UIBTPOB TPYNIIOBOE BpeMs 3alepiKKW (TPYIIoBast 3a/€piKKa) PaBHO
KoHcTaHTe? BriOepuTe npaBUIIbHBINA OTBET (OTBETHI) U3 BAPUAHTOB, MIPEICTABICHHBIX HUXKE.

a) Becenpomyckatomue GuIbTpPHL.

0) KU X-dunptps! ¢ nuneitHoi OUX.

B) KUX-punabTpsl ¢ CHMMETPUYHON UMITYIILCHOM XapaKTEPUCTHKOM.

r) KUX-punbTpsl ¢ aHTUCHMMETPHUYHON UMITYJILCHON XapaKTEPUCTUKOM.

7. llycts HOnmp KMX-¢punbrpa yerBeproro mopsaka ¢ auHeitHon ®dUX Haxoautcs B
.
-5
TOUKE zp =2-e . B kxakumx Toukax OyAyT HaXOIUThCS OCTaBIIMECS HYJIH (QUIbTPA,
IIPEIoJIaras, YTo €ro UMILYJIbCHasl XapaKTEPUCTUKA SIBJISIETCS BEIECTBEHHOMN?

Hymu:

8. Inst xakmx u3 cnenyronmx tunoB KUX-punbtpoB c mmueitHo @YX Bo3MOKEH
cunre3 ®BY? BriGepute mpaBUIbHBIN OTBET (OTBETHI) U3 BAPMAHTOB, IPECTABICHHBIX HIXKE.

a) ®unbTp THNA L.

0) @unpTp Tumna II.
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B) ®unpTp Tuna 1.
r) @unbTp THNA V.

9. Kakue u3 cnenyroumx ¢GpuiabTpoB OyayT uMerh AUX paBHYIO KOHCTAHTE BO BCEM
Jara3oHe 4acToT. BeiOepuTe NpaBMIIBHBIM OTBET (OTBETHI) M3 BAapHAaHTOB, MPEICTABICHHBIX
HUDKE.

a) Becenpomyckatomue GuiIbTpHI.

0) KUX-dunptps! ¢ nuneitHoit OUX.

B) KUX-¢dunbtps! ¢ HenuueitHON OUX.

r) KUX-punpTpel ¢ CUMMETPUYHOH U QHTHUCUMMETPHUYHOM  UMIYJIbCHOM
XapaKTEPUCTUKOM.

10. Kakue u3 ¢GuiIbTpoB, OMUCHIBAEMBIX TNepeAaTodHbIMU (yHKUIusMuU H(z) HUKe,

SABJIAOTCA BCCHPOITY CKAOIUMMU. BBI6epI/ITC HpaBI/IHBHHﬁ OTBECT (OTBCTLI) U3 BApUAHTOB,

MIPEICTABICHHBIX HIDKE.
z_1 a”
a) Hz) =",
l—-a-z
KOMILJIEKCHOE COMPSIKEHHUE.

-1
l-a-z N
0) H (z):ﬁ, IIe @ — KOMIUIGKCHBIN Kod(ddumment, cumBon * o0Oo3HadaeT
z  —a

KOMIIJICKCHOC COIIPSIZKCHUC.

rae a — KOMIUIEKCHBIH Kod(uImeHT, cCuMBOI * 00O03HAYaECT

-1, .2
d—c-z +z .
B) H(z) = 0 5> The d ¥ ¢ — BeIeCTBEHHBINA KOAPPUITUSHTHI.
l—c-z " +d-z~
-1 -2
l—c-z7 +d-z .
r) H(z) = - 5> Tne d v ¢ — BeNeCTBEHHbBIN KOADDUITMCHTHI.

d—c-z " +z

11. IIycTp mosroc BcempomycKaromero (GuibTpa BTOPOTO MOPSAKA HAXOIUTCS B TOUYKE
LT
&)
z, =0.5-¢ 4. B kakux Toukax OyQyT HaXOIHUTHCS HYJIHM M TOJIOCHI, IMpeanojaras TO, YTO
KOA(PUITUEHTH PEKYPCUBHOM U HEPEKYPCUBHOM YacTel (PUIIBTpa SBISIOTCS BEIICCTBEHHBIMU ?
Hynu:

TTomrocrr:

12. Kakoit u3 (GuUIbTpOB MOXKET OBITh HWCIIONB30BaH JUIsl BBIPABHUBAHUS TPYIIOBOM
3aepKKU TPH KOMIeHcalun (pa3oBbIX HeauHeWHocTeil. BriOepure npaBWIIBHBIA OTBET U3
BAPUAHTOB, IPE/ICTABIICHHBIX HIXKE.

a) Beenponyckatomiye GpuibTpol.

0) KUX-bunetpsl ¢ muHeitHo OUX.

B) KUX-¢dunstpsl ¢ HenuneitHoit OUX.

r) KUX-bunbtpel ¢ CHUMMETPUYHOM W AQHTUCUMMETPUYHOM  HUMITYJILCHOM
XapaKTEPUCTUKOM.

13. HeoOxogumo cunte3upoBath udpoBoid KUX-QunbTp BEepXHHMX YacCTOT, KOTOPBIH

YAOBJIETBOPSIET CACAYIOIUM CHEIUPUKALUIM:
o, =0.18n, ®, =0.227, 5, =0.01, &, =0.001.
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st pacyera KOA(PPHUIMEHTOB UMITYJILCHON XapaKTEPUCTUKA BaM PEKOMEHIYIOT HCIIOJIb30BATh
METOJ OKOH M OKOHHYIO (yHKUMIO bBiiskMeHa, a 4acTOTHYIO XapaKTepUCTHUKY HJIEabHOIO

¢unbTpa 3a1aTh B BUJIE:
e JO®

o< b,

>
0, 0<|df<m.

Omnpenenure nopsanok ¢unbrpa, ero tui (I, I1, I, IV) u Bo3moxxkHOCTh cuHTe3a @BY (BO3MOKHO
WIM HEBO3MOKHO) JJIsl IMOJIyYEeHHOIO THIIA, MpearoJiarasi, 4YTo HCKYCCTBEHHOTO W3MEHEHUs
YETHOCTHU MOPSAKA HE TPOUCXOIUIIO.

[Topsimok duasTpa =

Tun ¢punprpa:

BosmoxnocTh cunTe3a @BY:

Hu(ej(b) =

14. Kakue u3 GuiIbTpoOB ¢ UMIYJIbCHBIMH XapaKTEPUCTHUKAMHU, MPEICTABICHHBIMU HHKE
umeror, JnuHerHyro ®OUX? Bribeputre mnpaBuiabHBIH OTBET (OTBETH) M3 BapHUAHTOB,
NPECTAaBICHHBIX HIXKE.

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

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

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

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

15. KUX-dunbtp ¢ munernoit ®UX obnagaeT cieayonmMi CBOHCTBAMH:
—h(n) — pelicTBUTENbHAs MMIyJbCHas Xapaktepuctuka, hA(n)=0 npu n<0

unpu n>3;

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

n=0
— H(z) =0 B TOUKE 2:0,76175/4;

T
- j H(e/®Ydo = 4r.
—T
Omnpenenure tun (I, 11, 111, IV) sTtoro ¢gunsrpa.
Tun pueTpa:

3amanue 1Sl CAMOCTOATENbHON padoThl Ne 1
CrnenuaibHbIe TUTBI HUPPOBBIX GUIBTPOB

3amanus 1L CaMOCTOSITEIBHOW pabOThl MOTYT OBITh B3SITHI W3 TJaBbl Ne 4 KHUTH
Xpses B. B., Ilpuopos A. JI.,, BonoxoB B. A. OcHOBbl TeopuM Lemneil: COOpHHMK 3amad. —
Spocnasne: Apl'Y, 2008. Ilpemmaraembie s pemenuss Homepa 3agady  Ne 4.1-4.21
pacnoJsioxkeHsl Ha cTp. 95-101.

3amanue 11l CAMOCTOSITEIbHOM PadoThI Ne 2
Cunre3 KUX-punbpTpoB

1. CuntesupoBatb mMeTosioM OKOH KUX-bunbTp HMXKHUX dYacToT ¢ JmHEHHOU DUX,
YAOBJIETBOPSIONIUHN CIEAYIOMINM CHETIH(PUKAIUSIM:

0.99 < ‘H(ej(b)‘ <1.01, 0<|d<0.197,
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H(e®) <001, 021n<[df<r.

2. Cunte3upoBatb MeTo oM okoH KUX-punbTp ¢ nuneitnoit ®UX nopsinka N = 24, s
arMmpOKCUMAIIUH YaCTOTHOU XapakTepuCTUKU puibTpa ¢ AUX, mpuBeIeHHOM HIDKE:
1, |&<0.2m,

0, 0271 <|d

‘Hu (ejd) )‘ =
<.

3. Ucnonw3ys MeTo okoH cuHTe3upoBaTh KU X-GuabTp BEpXHUX YaCTOT MHHUMAIHHOTO
nopsiika ¢ TpaHWYHOW dacToToi B mojoce 3axepxuBanus (I13) @, =0.227, rpaHuuHOl

gactoToii B nonoce npomyckauus (I1IT) @, = 0.287, u otknonennun AYX or 0 B I13 5, = 0.003.

4. Cunre3upoBath MeTonoM OKOH KUX-bunbrtp HWKHUX dYacToT ¢ jmHEHHOU DUX,
YIOBJIETBOPSIONIUH CIEAYIOMNUM CIESTIH(PUKAIUSM:

0.99 < ‘H(ej(b)‘ <101, 0<|d[< 0.3,

H(e™) <001, 0357 <[af <.

5. Beruncnuth mapamerpsl okHa Kaiizepa B u N s cunresa ®HY ¢ vactoroii cpesa

A

®, =n/4, orknonennem AUYX or 0 B 13 §,=0.01 u mWHUPHHONH MNEPEXOMHON TOIOCHI
A®=0.02m.

6. Beruncnuth mapametpsl okHa Kaiizepa B u N ngns cunte3a ®HY ¢ yactoToii cpesa

A

®, =n/2, orkinonenreM AUX ot 0 B I13 8, =0.002 1 WIKPUHOI MEPEXOAHOM MOIOCH A® He

npesbimatomiei 0.17.

7. PaccMoTpuM 1oJI0cOBOM (puiIbTp, 0Odamaromuid crenupuKausIMyi TPUBEICHHBIMU
HIDKE:

‘H(ej(b)‘ <001, 0<[a|<0.2x,

o

0.95 < ‘H(ej(b)‘ <1.05, 031 <@/ < 0.7,

H(e/®) <0.02, 0.8m<[of <.

a) CunresupoBatb MeTtogoM okoH KUX-punetp ¢ ausedinor @OUX 1o 3agaHHBIM
crienu(UKaLusaM ¢ UCTIOIb30BaHUEM OKHa biskmena.
0) CuntesupoBatb MeronoM okoH KUX-bunstp ¢ nuneitnoit @UX mno 3agaHHBIM
crienuuKanusIM ¢ UCTIOIb30BaHKeM okHa Kaiizepa.

8. PaccmoTpum peskeKTopHBIN GUIbTp, 00Magaromui crenu@uKanusMu MPUBEICHHBIMA
HUXKeE!

0.95 < ‘H(ej(b)‘ <105, 0<|é < 0.27,

® <0.75m,

‘H(ejd))‘ <0.005, 0.227 <

0.95 <|H (™) <1.05, 08m <[] <7.

CunresupoBaTth MeTo10M OKOH KUX-punbTp ¢ nmuaeitHot ®UX no 3agaHHBIM CrIeM(pUKAIIHIM.
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9. CuHTe3npoBaTh METOIOM OKOH mosiocoBoit KUX-punetp Trna 2 ¢ nuneitHoin OUYX,
yIIOBJIETBOPSIOIINH CIIEAYIOMINM CTICI(DUKAIISM:

‘H(ej(b)‘ <0.0050, 0< |

<0.1m,

® <0.67,

0.995 < ‘H(ej(b)‘ <1.0050, 0.257 <

H(e/) <0.0025, 0.87 <o} < 7.

10. CunTre3upoBaTh MeTOIOM OKOH MHOTOMONOCHBINH KUX-punbtp ¢ muneitHoit OUX,
YIIOBJIETBOPSIOIINH CIIEAYIONINM CTICIIM(DUKAIISIM:

0.99 <|H(e/™)| <101, 0<[éf < 037,

® <0.55m,

‘H(ejé’)‘ <0.01, 0.357 <

O <.

0.49 < ‘H(ej&)‘ <0.51, 0.61 <

11. Kakyto okoHHyr0 (yHKIHIO ((QyHKIMH) MOXXHO HCIIOJIb30BaTh Ui cuHTe3a KMX-
¢unpTpa HWKHHMX YacTOT ¢ TpaHW4HO# wactortoil B III1 &, =0.357, mmpuHO# nepexoqHON

nonocsl A® = 0.0251 u MmakcumanbHbIM OTKIOHeHHEeM AUX o1 0 B I13 &, = 0.003.

12. Ucnions3yst meron OkoH  cuHTe3upoBaTh KUX-QuibTp HWKHHAX  YacTOT
MHUHHMMAJIBHOTO MOpsAAKa ¢ rpaHu4yHoi yactotoii B III1 ®, = 0.457, rpannyHoii yactoroii B I13

®, = 0.51 1 MakcumanbHbIM oTKIOHeHHeM AUX ot 0 B I13 5, = 0.005.

13. CunresupoBath MetogoM okoH KUX-punprp HmKHHX yacToT ¢ smHeiHONH DUX
nopsinka N =128, rpanuynoit wacroroit B IIIl ®, =0.48m, rpanuunoii wacroroii B II3

®, =0.521, wcnomp3ys Ui annIpOKCHMAIlMM YacTOTHOM XapaKTepUCTUKH (HIbTpa OKHO

Kaiizepa.

14. HeoOxogumo  mpousBecTd  (DUIBTpALMIO  AHAIONOBOrO  cUrHama  x,(f)

C MCIIOJIb30BaHMEM aHajoroBoro ¢uisTpa HWKHUX dYactor (PHY) ¢ wyactoToif cpesa
fo =2 xl'n, mmpunoi mnepexoxHoi mnomockl Af =500 ['m ¥ MHUHMMaJIBHO JOIMYCTHMBIM

3aryxanneM B II3 o, =50 nb. PaccmarpuBaemblil aHaJIOroBbI (QUIBTP pealn3oBaH B
UGpOBOM BHUZAE, KOTOPHIH mpexacraBieH Ha puc. . CuHTesnpoBaTh HH(PPOBOH GHIBTP C
YaCTOTHOW XapaKTepucTukon H (ej(”), HEOOXOoAMMBIA NJisi peanu3anuu anaioroporo ®HY ¢
yKa3aHHBIMH BbIIIe cnennpukanusamMu. YactoTy auckpeTusanun [y mosokuts paBHoi 10 kI

L g

xq (1) x(n) ) Ya(0)
—» ALl [ HE®) |  LAD >

Puc. 1. CtpykrypHas cxema k 3agaue 14
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3anaHme 119 CaMOCTOATEILHOM padoThl Ne 3
Cunte3 BUX-¢punbTpos

1. HaliTu MUHUMaJIbHBIN MOPSAOK M 4YacTOTy Cpe3a IO YPOBHIO 1/ V2 or MaKCHUMyMa

aMIUTUTYAHO-4acTOTHOM  Xapakrepuctuku (AUX) ananoroBoro ¢unsrpa batrepBopra,
YZIOBJIETBOPSIOLIETO CIEAYIOIUM CleIU(pUKALHUAM:
|H,(jQ)|=0.95, Q=16m,

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

2. Ucnonb3ys OunuHelHoOe z-peoOpa3oBaHHE CUHTE3UPOBATh IM(PPOBON  (GHUIBTP
HkHUX dactoT (PHY) bBarrepBopra mepBoro mopsiika, KOTOPBIM HMMEET YacTOTy cCpes3a

®, =0.57 [paza] mo ypoBHIO 1/ V2 ot makcumyma AUX.

3. Ucnone3ys OunuHelHOE Z-TipeoOpa3oBaHUE CHHTE3UPOBATh LU(PPOBOM IMOIOCOBON
¢uneTp (I1®) BaTTepBOpTa BTOPOrO MOPsIAKa, KOTOPBI HMEET 4acToTy cpe3a ., = 0.4 [pax]

" @, =0.61 [paa] no ypoBH:o 1/ V2 or Makcumyma AUX.

4. lana nepeparounas GyHKIus udpoBoro GuibTpa:

H(z)= 2 - ! .
1-05271 1-0.25271

Ecnmu monoxuth, 4TO paccMmarpuBaeMasi BBINIC IepenarodHas (GyHkuus mudpoBoro
¢unpTpa TONydyeHAa C WCIOJNB30BAHMEM METOJa OWJIMHEWHOTrOo Zz-peoOpa3oBaHMs, HAWTH
AHAJIOTOBBIN (PUIBTP-TIPOTOTHUII, KOTOPBIN OBLT UCTIONB30BaH ISl €€ CHHTE3a.

5. Jloxa3zaTb, 4To OmiMHEHOe z-1IpeoOpa3zoBaHue 0ToOpaXkaeT och j{) p -INIOCKOCTH B

€IMHUYHYI0 OKPYXHOCTb |z| =1 Z-mnockocTH, a JE€ByK P -MONymiIockocT Re(p)<0 p-

IJIOCKOCTH BO BHYTPb €AMHUYHON OKPY’KHOCTH |z| <1 z-mockocrn.

6. Ucnonb3yst OmimHeiHoe z-mpeoOpa3oBaHue, CHHTE3UPOBaTh LUPPOBON (GUiIbTp
BepxHUX 9acToT YeOpiména tuna I, cienudukaniy Ha KOTOPBIN IPUBECHBI HIDKE:

0<|H(™)[<01, 0<[@f<0.1r,

0.9<|H(e/) <10, 03n <[of <.

7. Heo6XouMoO € HCIOJIB30BaHUEM OWJIMHEHHOIrO Zz-peoOpa3oBaHUs CHUHTE3UPOBATh
mdposoit ®HY, y10BIeTBOPSIOMHNI CIEAYIONIMM CIeHU(DUKAITUSIM:
®, =0.375n [pax], ®; =0.57 [pax], 3,, =0.01, 5, =0.01.
Onpenenuts NOPSAOK aHAJIOIOBBIX (UIBTPOB-NpoToTUNIOB barrepBopra, Yebsimena tuna I u
tuna II, 3onorapeBa-Kayspa, KkoTopbie MOTyT OBITH HCIIOJNB30BaHBI JJISi CHHTE3a (MIBTpA IO
3aJaHHBIM CIIeLU(PUKALUSAM.

8. Tpebyercs pazpaborars 1mudporoit ®HU bartepBopra Ha OCHOBE MEpeAATOUHOMN
(yHKIMU aHAJIOTOBOTO (PUIBTPA-TIPOTOTHUIIA:

Hy(p)=—

p2+\/§p+1.
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Hcnonp3ys OwnmHeiiHOe z-TipeoOpa3oBaHue, TONYYHTh MEPEAaTOUYHYI0 (YHKIHUIO
nudposoro ¢uibTpa ¢ yacroroit cpeza f. =150 [I'n] no ypoBHIO 1/ V2 or Makcumyma AUYX u
4acToTON auckperusamuu f, =1.28 [kl'u].

9. Tpebyercs paszpabotats 1udppoBort ®BY barrepBopra Ha OCHOBE MEpEAATOYHOMN
(GYHKITUU aHATIOTOBOTO (PUITBTPA-MIPOTOTHUIIA:

1
Hy(p)=—-.
p+1
Ucnonb3ys OwnuHeiiHOE z-TpeoOpa3oBaHue, MOTYYUTh MEpPelaToOuHyro (QYHKIHIO HHU(POBOTO
¢unbTpa ¢ yacroroit cpesa f. =30 [I'm] mo ypoBHIO 1/ V2 or Makcumyma AYX u gacroToi

auckperusauu f, =150 [I'm].

10. Pa3pabortats, wucnosp3ys OwiMHEWHOe z-mipeoOpazoBanme, mudpooin [ID
BarrepBopTa, yAOBIETBOPSIONMINI CICAYIOMNUM CHEIH(PUKAIUSM:

nostoca miporryckanust: 200-300 [I'x],

yacToTa quckperuzanuu: 2 [kl'a],

opsiAoK puiIbTpa: 2.

3aganue 11 caMoCTOATENbHOM padoThl Ne 4
WnTepnonsanus, aeuumanus u 6anku GUIbTpoOB

1. Jlanb! 1Be mocieoBaTenbHOCTU X(71) U y(n), UMEIOIIUE CIEAYIOMUN BUI:

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

Kak cBsi3aHbl MeX Ty 000 MX Z-ipeoOpa3zoBaHUs?

2. JlaHbl ABE MOCIEIOBATENILHOCTH X(71) U y(n), IMEIOIINUE CIETYIOIINA BUI;

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

Kak cBsi3aHbI MeXTy 000 BX Z-peoOpa3zoBaHUs?

3. IlocnenoBarenbHOCTh  Xx(7), TMOMydyeHa IyTeM JMCKPETH3allMd  aHaJOTOBOTO
Y3KOIIOJIOCHOTO CUTHajla ¢ 4acToTroi auckpermsauuu 10 k['m. OpgHako Uil €€ MPakTHYECKOIro
UCTIOJIb30BaHUsl HEOOXOAWMO, 4YTOOBI OHa ObUIAa TMOJydyeHa MyTeM AMCKPETH3alld TOTO JKe
curHana, Ho ¢ yactoroil 12 kI'u. IlocTpouTs M onpenenuTs OCHOBHBIE MApaMETPBl CUCTEMBI,
KOTOpasi MO3BOJUT MU3MEHUTh YaCTOTy JUCKpETU3aluu mnocienoBatenbHoctd x(n) ¢ 10 k' Ha

12 xI'11.

4. 3ByKo3amuch, 3anucaHHas Ha LudpoByro ayauoseHTy (DAT), obnamaer dacToTol
muckperu3armu 48 kI'11, a 3ByK0O3aIuch, 3arucannas Ha koMnakT auck (CD), oGmagaer 4acToToit
nuckpernzaiuu - 44.1 k['u.  Iloctpouts cucteMy ¢ ONpENENHUTh €€ MapaMmeTpbl i
npeoOpa3oBaHUsl 3BYKO3AMKUCH ¢ 4acToToM auckperusanuu 44.1 x['11 B 3ByK03anuch ¢ 4aCTOTOM
nuckpernsanuu 48 kl'm.
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5 Jlana HekoTopasi TOCIEIOBATEIbHOCTh X(7), TONY4YEHHAs IMyTeM JUCKPETH3AIUN
AHAJIOTOBOTO Y3KOMOJIOCHOTO curHaja. CHEeKTp TOCIeI0BaTEIbHOCTH X(7) YIOBJIETBOPSET
CJIEYIOUIEMY BBIPAKEHHIO:

X(e/®)=0, 0.1n<|o|<n.
Jana nocnenoBatenbHOCTh y(n) = x(nN), tme N — menoe umcno. Haiitn HanbombIee

3HaYeHHe N, I KOTOPOTO TOCIEIOBaTEIILHOCT  X(77) MOMXKET OBITh OJHO3HAYHO
BOCCTAaHOBJICHHOM I10 TTOCJIEIOBATEILHOCTH V(7).

6. OHpeI[eJ'II/ITB SABJIIOTCA  JIN YCTpOﬁCTBa INOBBIIICHHUA W INOHMXKCHHA YaCTOTbI
JAUCKPCTU3ALNH:

a) JIMHEMHBIMUI CHUCTCEMaMU,

6) HWHBAapUaHTHBIMU K CABUTY CUCTCMaMMU.

1.2. Cniucoxk BONpocoB U (MJIH) 321aHUI JIA POBeIeHNsI MPOMEKYTOUHON aTTecTaluu
Cnucok BOIpOCOB K 3a4eTy:

OO1u11e MoaoXKeH!s, MaTeMaTHUECKUil anmnapat, kiaccuukanuu nudpoBbIX GUIBTPOB.

BUX- u KUX-punbTpsl (10CTOMHCTBA 1 HETOCTATKH).

3. Ceprka (mepuoauyeckas W JIMHEHHas, cBOMCTBa cBepTku). [lepematounas QyHKuus,
AUX, ®YUX, ummynbcHas XapaKTepUCTHKA, IIEPEXO0THAS XapaKTePUCTHKA.

4. Onpenenenue HUPPOBOro GUILTPA B IIUPOKOM U Y3KOM CMBICIIE.

5. Cnoco0sI peanu3anuu UPPOBHIX PHUIHTPOB.

6. Ilpouecc mnpoektupoBanuss HUPPOBBIX GMIETPoB. CrnocoObl 3aaHus TpeOOBaHUIA
K UG POBBIM (PHITBTpaM.

7. T'pynmoBas 3aiepikka, ¢pa3zoBas 3aepiKKa.

8. KUX-punbTpsl c JIMHENHOM oYX (moKa3aTenbCTBO CHUMMETPUYHOCTH
U QaHTUCUMMETPUYHOCTH HMITYyJIbCHOM Xapaktepuctuku g ciaydas KUX-bunbtpoB
c muHeHOM DUX, Quaptper THma 1, THma2, Twna3, Tuna4, WX JOCTOMHCTBA
U HEJIOCTaTKH, pacnonoxenue Hyjel KUX-punbTpoB ¢ auHeiHON (a30ii).

. Bcenpomyckarorue GuiabTphl, MX CBOWCTBA U MPUMEHEHHE.

10. MunumanpHO-(ha30Bble U MakCHUMaJlbHO-(a3oBble cuctembl. CHCTeMBl C 0OpaTHOMN
CBS3bIO.

11. TpeGoBanus, nmpeabsBisieMble IPU CHHTE3€ 4YacTOTHO-u30uparenbHbix KUX-punstpon
(®HY, ©BY, [10, PD).

12. Meronel cunteza KUX-puinbTpoB (METOJ OKOH, METOJ YacTOTHOM BBIOOPKH, METO[
[Tapkca-MakkJiemiana).

13. Cunre3 KUX-¢punbtpoB MeTooM OKOH (00miast (GpopMynHpoBKa, OINpeNeleHue OKHA,
JTarbl CMHTE3a, siBJieHne ['mb0ca, oOmme CBOMCTBA U XapaKTEPUCTUKH OKOH, MPUMEPHI
OKOHHBIX (DYHKLHUH, TOCTOMHCTBA M HEJOCTaTKH Merona). OntumanbHoe okHO Kaiizepa
(CYyTh ONTUMAILHOCTH, TAPAMETPHI, OTIPEACTISIONINE OKHO).

14.IlocTaHoBKa 3agauyd ONTUMAJILHOTO cHUHTe3a. Mepa Ommszoctu. UeOblméBckas mepa
ommm3octu. CpenHekBaapaTudeckas mepa Oau3ocTd. OCHOBHBIE ATalbl ONTUMAIBHOTO
CHHTE3a IUPPOBBIX QUIHTPOB.

15. Cunates KUX-punptpoB wmetomom Ilapkca-Maxkknennana (obmas ¢GopMyIupoBKa
METO/a, TeOpeMa 4YepeoBaHusl, alrOPUTM 3aMEHbl Pemesa, TOCTOMHCTBA M HEJOCTaTKH
anroputma [lapkca-Makkennana).

16. Meronel cunte3a BUX-punbtpoB (cunTe3 BUX-QuiabTpoB Ha OCHOBE aHAJIOTOBBIX
buapTpOB MpoTOoTUIOB U cuHTE3 BUX-DunbTpoB B 1indpoBoii o6mactu).

17. CnocoOsl 3ananus cnenudukanuii st cuatesa bBUX-¢puibtpos.

18. AnanoroBbie (GUIBTPBI TPOTOTHUIIHI.

N —
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19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44,
45.
46.

47.

@unstp barrepBopra (kBagpat AUX, nepenarounas GyHKIMS, HYJIU U MOJIIOCA, YaCTOTA
cpe3a U ee HaxOoKIeHUe yepe3 creunukanuy GuiIbTpa, 3Talbl CUHTE3a (GUIBTPA, BEIBOA
(dbopMyIIBl Ha BEIYUCIICHUE TTOPSAAKA PUIBTPA).

Ounptpsl YeObiméBa tuna 1 u tuna 2 (momuHoMbl YeObléBa U UX CBOMCTBA, KBaapatT
AYX, nepenaTtouHast pyHKIUS, HYJIM U TIOJIOCA, YaCTOTA CPE3a, ITAIBI CHHTE3a QHIBTPA,
BBIBOJ] (POPMYJIbI HA BBIYMCICHHUE TOPSIIKA (PUIIBTPA).

Onnmuntudecknit GunbTp wian GunsTp 3omorapeBa-Kayspa (dyummntudeckue (QyHKIUU
SAxobu m ux cpoiicTBa, kBagpar AUX, cyTh onTumManbHOCTH GuUiIbTpa, Gopmyrna Ass
BBIYHCIICHUS TTOPsiIKa PHIIbTpa).

Cunte3 BUX-QunbTpoB Ha OCHOBE AHAJIOTOBBIX (PUIBTPOB MNPOTOTHUIIOB. CBOMCTBA
oToOpakeHHsI, MPeoOPa30BBIBAIOIIETO aHAJIOTOBBI (GUIbTp B mudpoBoil. J[Ba crocoOs
nepexosaa ot aHanorosoro ®HY k xemaemomy 1U(PpPOBOMY, 4aCTOTHO-U30MPATETLHOMY
¢uneTpy: ®HY, ®BY, [1D, PO.

Metox HMHBApUAHTHOTO MpeoOpa3oBaHMs HMMITYJIbCHOW XapaKTepUCTUKH  (oOImas
(bopMyIIPOBKa).

bununeitnoe z-nipeo6paszoBanue (ob6mas GopmMynupoBka, rpadudeckas UHTEPIPETALIHS,
KOH(OPMHOE OTOOpaKEHUE, CBONCTBA, COOTHOIICHUE MEXKIY YAaCTOTHBIMHU IIKAJIAMHU
aHaJIOTOBOTO M LU(POBOro (PUIBTPOB, JOCTOMHCTBA M HEAOCTATKH METOAA, ATaIlb
CHHTE3a UPPOBOTrO (GUIBTPA HA OCHOBE IAaHHOTO METO/A).

Cunte3 BUX-punpTpoB B 1udpoBoii obaactu. Metoa pa3MelleHus: HyJled U MOJIF0COB
(oOmiast (opMyIMpPOBKA, JOCTOMHCTBA M HEJOCTAaTKH, TPUMEp CHHTE3a IU(PPOBOTO
¢GuIbTpa Ha OCHOBE IAaHHOTO METOAA).

MeToabl I3MEHEHUS YaCTOTHI IUCKPETU3ALINH.

lenu peummanmuu C  LEJOYUCIEHHBIM  Kod¢¢unuentom M. IIpoekTupoBaHue
U peanu3anus Ae1uMaropa.

Ilenu wuHTEpHONALMU C LEJIOYUCIECHHBIM Kodpduuuentom L. IIpoextupoBanue u
peanu3anys UHTEPIOJATOpPA.

e mpeoOpazoBaHus YaCTOTHI ¢ paliOHATBHBIM K03 dutinentom L/M.
MHOrOCKOPOCTHBIE TOXK/IECTBA.

banku punerpoB. PaBHOMepHBIH O0aHK GunbTpoB. L-mosocHbrii KUX-dunbtp.
JIByxKaHalbHBIH OaHK (UIBTPOB (CTPYKTYpHas CXeMa, BBIBOJ YCIIOBHS TOYHOI'O
BOCCTaHOBJICHUS).

OcHoBHBIE TIPOOIEMBI IPAKTHYECKOTO UCTIONB30BaHuUs peodpazoBanust Oypoe.
Omnpenenenue BeiBiera. [loctpoenne BeiiBieT-0a3uca.

HenpepsiBHOE BeiiBieT-npeodbpazoBaHue.

JnagHoe BeiBIET-peoOpa3oBaHue.

OcHOBHbBIE IPU3HAKHU BeHBIIETA.

OcCHOBHBIE CBOWCTBA BEHBIIET-aHAIN3A.

JIMcKpeTHOE BEUBIET-IIPe0Opa30BaHUE U €0 CBSI3b C KPATHOMACIITAOHBIM aHAJIH30M.
Macmrabupytromas Gynkius. Beliier-QyHkius.

Bbeictpoe BeliBier-npeoOpa3oBanue. YacTOTHBIM MOAXOJ K BBIIOJIHEHUIO BEUBIET-
npeoOpa3zoBanus (anroput™m Majra).

Wneonorust mocTpoeHus aiaroputMma (GpUIbTpaliM HA OCHOBE BEHBIET-IIPeoOpa3zoBaHuUs
(OCHOBHBIE ATAMbI U TTAPAMETPHI).

AnanTuBHBIA QUIBT.

OCHOBHBIE KOMIIOHEHTBI, BXOAAIIHME B COCTaB aJalTUBHOTO (PUIIbTpA.

AAropuT™ OBICTpPEHIIIEro CITyCKa.

AanTUBHBIA QJITOPUTM HAaMMEHBIIMX KBaJApaToB U €ro cxoauMmocTb. IloBepxHOCTb
IIPOU3BOJUTEIILHOCTH.

[Ipumepsr TpUIOKEHWH aganTUBHONW 0OpabOTKKM CHUTHAJIOB (3agada CHUCTEMHOM
WICHTU(QUKAIMY, 3a7aya TOAABICHHUS Y3KOMOJOCHOW MOMEXH B LIMPOKOIOJIOCHOM
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48.
49.
50.
. ToHOBOE pacmpeneseHue u rpalaliiOHHbIE TPEOOpa3OBaHMSL.
52.
53.
54.

51

55.

56.
57.
58.
59.
60.
. Teopema o cBepTke U GUIBTpALIUSA B YACTOTHOM 00JIACTH Il ABYMEPHOTO CITy4das.

61

CUTHaJIe, 3aja4a TIOJaBJICHHUS UIMPOKOIOJIOCHOW IMOMEXH Ha OCHOBE aJalTHUBHOTO
caMOHaCTpauBaroIIErocs puabTpa).

O0paboTka n300pakeHUH. YIyUIIeHne U BOCCTAHOBJICHHE N300paXKCHUM.

Hudposoe nzobpaxenne kak GyHKIHS.

[Toyemy n300pakeHNE MOXKET MOJTYYUTHCS II0XO0?

OunbTpanust U300pakeHUM.

Buasl nrymos.

Macka u Beca. Kpocc-xoppensuus (B3auMHasi KOppensilus) U CBEpPTKa B JABYMEPHOM
ciydae.

Henuneitnas  ¢unbrpanuss (MequaHHelii  ¢GuibTp, OuiarepainbHas — (QuiabTpamms,
HEJIOKaJIbHbIE CPEHNUE).

Jletanu peanu3anuy KpOCC-KOPPENSLUU U CBEPTKU JJISl IBYMEPHOTO CITy4asi.
IIpeobOpazoBanue Oypbe A IByMEPHOIO CITyyasi.

basucueie ¢pyHkmu npeodpazoBanust Pypre st IBYMEPHOTO CIydast.

JuckpeTtHoe npeobpazoBanue Pypbe U ero oOpaleHue A IByMEPHOTO CiIydasi.
WNudopmatuBHOCTD (a3bl U aMILTUTY/IbI.
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IIpuioxenne Ne2 k padoueil nporpaMme AUCHHUIIIMHBI
«udposas puabTpanus»

MeToauueckue YKa3aHusA 1JIsl CTYACHTOB 110 OCBOCHHUIO TUCHUIIJIMHBI

OnHoM U3 OCHOBHBIX (POPM yCBOEHHUS yuyeOHOro marepuana 1no aucuuiuinHe «OCHOBBI
uu(ppoBoii 00padOTKU CHUTHAJIOBY» SBIISIETCS CaMOCTOATENbHAas paboTa CTyJeHTa, MpUYEM
B TocTaTouHo OoJbmoM oObeme. [1o BceM TemMaMm mpeayCMOTPEHBI 3a/laHHs CaMOCTOSTEIIBHOM
pa6OTI)I, Ha KOTOPBIX MPOUCXOAUT 3aKPCIUICHUEC U3YYCHHOI'0O Marcprajia u OTpa6OTKa HaBBIKOB
aHaJM3a ¥ CHHTE3a CUCTeM IU(POBOH 00pabOTKM CUTHAIOB.

OcBouTh BOMPOCH JTUCHUIUIMHBI «OCHOBBI 1HM(POBOIi 00padlOTKH CHTHAJIOBY
CaMOCTOSATENIFHO ~CTYJCHTY JOCTaTOYHO CHOXHO. [locemenne Bcex MPeayCMOTPEHHBIX
JICKIITMOHHBIX H Ha60paTOpHI)IX 3aHATHHN SIBJISICTCS COBCPHICHHO HGO6XOILI/IMBIM. bes YHOOPHBIX
Y PETYJSIPHBIX CAMOCTOSATENFHBIX 3aHATUH B TEUCHHWE CEMeCTpa CIaTh 3a4eT IMPAaKTUYECKH
HEBO3MOXKHO.

Y4ueOHO-MeTOANIECKOE 00ecTIeueHHE
CAMOCTOSITE/ILHOM Pa0oThI CTY/ICHTOB M0 JUCHUILINHE
a) [l caMocToATeJbHOI PadoThl PEKOMEHAYETCS MCIONb30BaTh Y4eOHYIO JIUTEpaTypy,
yKa3aHHY!0 B pazzene Ne 7 qanHoM paboueil mporpamMmmsl.

0) DJIeKTPOHHO-0N0/IHOTeYHAs1 CcHCTeMa «YHHBepcHTeTckass OmOamorexka online»—
DJIGKTPOHHAST OMOMMOTEeKa, oOecrmeyuBaromas JOCTYNl K Haumbojee BOCTpPeOOBAaHHBIM
MaTepHuagaM-epBOMCTOYHUKAM, Y4eOHOM, HayYHOH M XYyJ0’KECTBEHHOH JHUTEpaType BelylIuX
U3/IaTeIbCTB (PETUCTpAIHsl B DJIEKTPOHHON OMOIMOTEKE — TOJIBKO B CETH yHHUBepcuteTa. [locie
peructpanuu pabora ¢ CUCTEMOM BO3MOKHa ¢ 10001 Touku noctyna B cetd VHTepHeT).

B) Unpopmannonnasa cucrema «EquHoe oKHO goctyna K o0pa3oBaTeJIbHBIM pecypcam»
(http://window.edu.ru/library).

Lenpto  co3manus  WHGOPMAIIMOHHOW  cUCTeMbl  «EnmHOEe  OKHO  jJocTyna
K obpazoBatenbHbIM pecypcam» (MC «EmnHoe OKHO») sBIsieTcss oOecredeHue CBOOOIHOTO
J0CTyna K MHTErpajJbHOMY KaTajory oOpa3oBaTelbHbIX VIHTEpHET-pecypcoB U K IJIEKTPOHHOU
Oubnuoreke y4eOHO-METONWYECKUX MAaTepHaaoB [UIsi OO0mero U MpOQeCcCHOHATHHOTO
oOpa3oBaHwUs.

Nudopmanmonnas cucrema «EnnHOe OKHO J0CTyma K 0Opa3oBaTENbHBIM pecypcamy»
co3mana 1o 3akazy denepaspbHOro areHtrcrBa mo oOpazoBanuto B 2005-2008 rr. T'omoBHOMU
pazpabotunk Tpoekta — DenepalibHOE TOCYIAPCTBEHHOE aBTOHOMHOE  YUPEKICHHE
['ocynapcTBeHHBIM HAYYHO-HCCIICIOBATEILCKUM HHCTUTYT HMH(POPMAIIMOHHBIX TEXHOJIOTHUH
u tenekommynukauuit (PI'AY I'HUM UTT «Mudopmukay) www.informika.ru.

UC «Enqunoe okHO» 00BeIWHAET B eauHOe WHGOPMAIIMOHHOE IMPOCTPAHCTBO
AIIEKTPOHHBIE PECypPChl CBOOOTHOTO OCTYyMA JIJIs BCEX ypOBHEH oOpa3oBanus B Poccum.






