MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpagsienne noaroroBku/cnenuanbHocts: 09.04.01 UndopmMaTHKa U BHIYHCINTEIbHAS TEXHUKA

HaumenoBanue oOpa3zoBare/ibHOM nporpamMmbl . UH(pOpMaLMOHHO-aHAJIMTHYECKHE M JUATHOCTHYECKHE
HHTeJUIeKTyaJbHbIe TEXHOJIOTHH

YpoBeHb 00pa3oBaHus: Bbiciiee 00pa3oBaHNe - MATHCTPaTypa

®opma o0yuenusi: Ounas

OueHouyHble MaTEPHAIIbI
10 JUCHHILINHE
MeTtoas! nugpoBoii 00padoTKku HH(pOpMaALUK

MockBa
2022



OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3IU»

Ceefenua o Bragensue L3N M3aKn

AA.

Bnageney LaToxuH A.A.
IIpenonaBarenb Maermvbarop 0e68e98d-5hatokhiNAA-1C3724¢ HaToxun
(1OIKHOCTB) (moxnuce) (pacuudpoBka
TTO/ITUCH)
COI'TIACOBAHO:
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
PyKOBOI[HTeHB w a (EPQ,LLEHMS-I [s] Brﬂuennue uan man
o0OpazoBarenbHON B Epepr— apaT BA.
IIPOrpaMMBbI - Mol ¢ Waermwbmearop Rb173d78d-BaratVA-1066228a B.A. bapar
(IOJDKHOCTB, YUeHas CTEHeHb, YICHOE (mozmycs) (pacmudpoBka
3BaHHE) MIOJITTHCH)
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

o CeeneHua o Bnagensue L3N M3U I/I H
3aBeHyIOH-IHH . Bnageneu XKenbakos W.H. T
BLIHyCKaIOH_[eI/I Ka(be[[pbl Waentudmnkatop 839a3a63-ZhelbakovIgN-f73624c }KCH6aKOB

(IOJDKHOCTD, YUeHas CTENeHb, YICHOe (mozrucs) (pacmudpoBka

3BaHHE)

MIOJITTHCH)



OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-2 CnocoGeHn nmpumMeHsATh QyHIaMEHTAIbHbIC HAYYHBIC METObI ITPU UCCIICI0BAHNH,

aHaJIM3€e, MOJICTTUPOBAHUY U MPOCKTHPOBAHUY AHATTUTHYCCKUX HHPOPMAITMIOHHBIX CUCTEM
NI-1 OcymectBisieT 00pabOTKy U3MEPHUTEIbHON HH(OPMAITUH, IPOBOIUT aHAIIU3 U
CTPYKTYPUPOBAHHUE TAHHBIX

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

Dopma peanuzanuu: KoMrnbroTepHOE 3a/1aHKE
1. Juckperuzanus curHainoB (Jlaboparopuas pabora)
2. Koppekuus AUX nenumaropa co CTpYKTYpOi «MHTErpaTop — rpedeHYaThiil GuibTp
(JTaboparopuas padoTta)
3. Ilpumenenue 1D mis cnekrpaibHoro aHanmsa curHanoB (KoHTposbHas paboTa)
4. Ilpumenenue z-npeodOpa3oBaHus JUIsl aHAIIU3A TUCKPETHBIX cucTeM (JIaboparopHas
pabora)
5. Cunres u ananmu3 mudpoBex GpuibTpoB (JIabopaTopruas padora)

BPC aucuuniavHbl

I cemectp
Beca KOHTPOJIBHBIX MepOTIPHUSITHH, %o
Nunekc KM-1 | KM-2 | KM-3 | KM-4 | KM-5
Paznen nucuumninHb KM-
Cpok KM: 4 8 12 14 16
JIMCKpeTHBIE CUTHAJIBI 1 CUCTEMBI
JIMCKpeTHBIE CUTHAJIBI +
JIMCKpEeTHBIE CUCTEMBI +
Z-nipeoOpa3oBaHue
Z-nipeoOpazoBaHue +
[udposas punsTpanms
Beenenue B iugpoByto GuIbTpanuio +
[TpoexTrpoBaHNEe PEKYPCUBHBIX MU(POBBIX +
¢GuIBTPOB




[TpoexTupoBaHKre HEPEKYPCUBHBIX IIU(PPOBBIX

+
¢GmIBbTPOB
CnekTpalibHbIN aHaIU3
CnekTpalibHbIN aHaIU3 +
MmuorockopocTHas 00paboTKa CUTHAJIOB
MHuorockopocTHas 00paboTKa CUTHAJIOB +
Bec KM: 20 20 25 15 20

$O0611as yacte/[11s MPOMEXKYTOUHOM arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETCHITHH pe3ynbTaThl  OOYYCHHS TIO
JUCIUILINHE
I1K-2 N-1nk-2 OcymecTBisier | 3HATh: Huckperusanus curHayioB (Jlaboparopuas padoTa)
00paboTKy H3MEpUTEIHHON | OCHOBHBIE XapakTepuctuku | [IpumeHenue z-nmpeobpazoBaHus A aHAIKM3a JTUCKPETHBIX CUCTEM
uH(pOopMaIuy, MIPOBOJIUT | TUCKPETHBIX CUTHAJIOB U (JTaboparopnas padoTta)
aHajau3 U | cUCTEeM Cunte3 u ananu3 udpoBsix GribTpoB (JIaboparopHas padoTa)

CTPYKTYPUPOBAHUE TAHHBIX

MOHATUWHBIN anmnapar
nudpoBoi GUILTpAITUN
YMers:

CHUHTE3UPOBATh U
aHATM3UPOBATh HU(POBBIC
GbuIBTPHI

MO/JICIIUPOBATH CUCTEMEI C
MHOTI'OCKOPOCTHOM
00paboTKOM CHUTHATIOB
MPUMEHSATh TUCKPETHOE
npeodpazoBanue Pypre A
CMEKTPAJILHOTO aHAJIN3a
CHTHAJIOB

MPUMEHSTh Z-
npeoOpazoBaHue ISt
aHaJM3a JIUCKPETHBIX
CHCTEM

MO/IEIUPOBATh
JMCKPETH3AINIO CUTHAJIOB U
UG pPOBBIE U3MEPEHUS UX
apaMeTpoB

[Tpumenenue 1D s ciekTpaibHOro ananu3a curnainoB (KontponsHas
pabora)

Koppexkmus AUX nenmmaropa co CTpyKTYpO «HHTErpaTop — rpeOeHYaThIi
dbuneTp» (JlabopaTtopHas padbora)




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
KM-1. luckpern3anus CHrHaJ10B

®opmbl peasausanun: KomnsroTepHoe 3a1aHue

Tun KoHTpoJBLHOr0 Meponpusitus: Jlabopatopnas padora

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpouenypa mnpoBeaeHMsi KOHTPOJILHOTO Meponpustusi: lIpoBoauTcs Ha 4eThIpEX4yacoBOM
3aHATUM B KOMIIbIOTEpHOM Kiacce kadeapsl JWUT. KoHTponupyroTcs OCHOBHBIE DPE3YJbTaThl.
IIpoBoauTCA YCTHBIN OIIPOC 110 PE3YJILTATAM

Kparkoe conepxanue 3a1aHus:
1. B cpene MATLAB B otensHOM rpadguyeckoM OKHE IOCTPOITE TpapuKH aHAIOTOBOTO U
JUCKPETU3UPOBAHHOIO CHHYCOMJAIBHOTO CUTHAJIOB, TapaMeTPbl KOTOPBIX IPEJCTABIICHBI B

Tabmd. 1.

Tabmuna 1 — Yacrora curHaia ¥ 4acToTa AMCKPETH3AIMH

Ne 1 2 3 4 5 6 7 8 9 10
Fs,T'ny | 500 | 30000 1000 | 2500 |5000 | 10000 4000 | 4000 | 12000 8000
f, ' 50 2000 150 250 500 1000 200 400 600 800
Ne — HOoMep BapuanTa; Fs — yacrora nuckperusanmy; f — yactora curHana. AMIUIMTYAa CUTHAIA
HpOI/ISBOHBHaH.

2. Iloeropute myHKT 1 1u1g yactot curHaioB fl u 2, ykazanHbix B Tabi. 2. 3Hauenue Fs

MIPEXKHEE.

Tabauia 2 — YacToTsl CUTHAJIOB

Ne 1 2 3 4 5 6 7 8 9 10
f1, T | 550 | 32000 | 1150 | 2750 | 5500 | 11000 | 4200 | 4400 | 12600 | 8800
2, T | 450 | 28000 | 850 | 2250 | 4500 | 9000 | 3800 | 3600 | 11400 | 7200

OOBsACHUTE NMOJTYUECHHBIE PE3YIIbTATHI.

3. Harpyska — B BH/JIe IOCJIEI0BAaTEIBHOIO COEJUHEHUS PE3UCTOPA U KaTyIIKU HHIAYKTUBHOCTH
— MOJKJIIOYEHA K MICTOYHUKY IIEPUOJANUYECKOTO HaNpskeHUs1. CMOJENUpynTe B cpelie
MATLAB mudposoe usmepenne CK3 HanpspkeHus: U TOKA, aKTUBHOM U MTOJIHOM MOIITHOCTH HA
Harpyske, Korja TOK U HalpspKeHUe MPe/ICTaBIeHbl BO BpEMEHHOM 001acTH IUCKPETHBIMU
oTrcueTamu. YacToTa JUCKpEeTU3aIMK BBIOMpaeTcsl caMocToATenbHO. [TlapamMerpsl uctounmka
HaINpsDKEHUs M Harpy3KH MpeICTaBlIeHbl B Ta0I. 3.

Tabnuna 3 — [lapameTpsl HCTOYHMKA HAIPSDKEHUS. M HATPY3KHU

Ne 1 2 3 4 5 6 7 8 9 10

k2, % 20 25 10 10 20 10 5 15 15 5

k3, % 10 10 10 15 10 15 10 10 5 10

k5, % 10 0 10 10 5 5 10 10 10 5
L,I'n 0,1 0,2 0,05 0,1 0,15 0,1 0,1 0,1 0,1 0,1

R, Om 200 200 100 100 150 200 100 100 150 200
CpenHekBapaTHYeCKOe 3HaUCHHE TIEPBOI rapMOHUKHN HanpsykeHusa pasHo 220 B, gacrora — 50 ['m.
k2, k3, k5 — ko3 pureHTHI TApMOHUK HAIPSDKSHUSL.

L — MHOIYKTUBHOCTB HArpy3KkH; R — akTHBHOE CONPOTHBIICHUE HATPY3KH.

4. B cpene MATLAB B oT71e1bHOM OKHE OCTPOITE TpaKU AUCKPETU3UPOBAHHBIX 3HAYCHUN
TOKQ, HAIIPSDKEHUSI 1 MTHOBEHHOM MOIITHOCTH.



5. Paccumnraiite uctunnoe 3nauenue CK3 Toka, HanpsiKeHUs, aKTUBHOM U MOTHOM MOUTHOCTH.
CorocTaBbTe 3TH 3HAUYCHHUS C MOTYYCHHBIMH MOJICTUPOBAHUEM 3HAUYEHUSMH B TI. 3.

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HaTh: OCHOBHBIE XapaKTEPUCTUKHU 1.YTo Takoe HaI0KEHHE CIIEKTPOB?

JIMCKPETHBIX CUTHAJIOB ¥ CUCTEM 2.Kak BBIUMCIUTH aKTUBHYIO M TMIOJHYIO MOIIIHOCTH T10
JUCKPETHBIM OTCUETaM TOKA U HaIpPsKEHUs?

3.Yto Takoe yacrora HalikBucra?

YMmers: MOJEJIUPOBATH 1.BpruncnuTe 4acToTy rapMOHUYECKOTO CUTHAJIA Ha
TUCKPETH3AIlMI0  CHTHAIOB U BBIXOJI€ TUCKPETHON CUCTEMBI MPU YacTOTE

1 (poBbIe U3MEPEHUS ux nuckperusanuu 10 k' 1 yactoTe BXOIHOTO
MapaMeTpoB aHanoroBoro curHana 11 xI'n

2.Bpraucinure 4acToTy TapMOHUYECKOr0 CUTHAja Ha
BBIXOJI€ TUCKPETHON CUCTEMBI MPU YacTOTE
nuckperusanuu 10 kI'p 1 yactoTe BXOIHOTO
aHasoroBoro curxana 9 xI'm.

3.Paccunraiite 4acToTy JUCKPETU3ALMU ISl U3MEPEHUS
CK3 nonurapMOHHUYECKOI0 HANps)KEeHUs ¢ yacToTon 50
' 2-#, 3-i 1 5-i1 rapMOHHMKaMU.

4.3anumuTe aHAIUTUYECKOE BBIPAKEHHE, UCIIOIb3yeMOe
st nudposoro n3mepenus CK3 curnana Bo BpeMEHHOM
o0JacTu.

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CJIM 3aJaHIe
BBIIOJIHEHO B TIOJTHOM 00'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4
Onucanue xapaxmepucmuxu evinoaneHus snanua: OueHkKa "Xopoo" BBICTABIIAETCS €CIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HANPABICHUE [ pEILIeHMs 3a/1a4

Oyenka: 3
Onucanue xapaxmepucmuxu evinoanenus snanus: OneHka "yJI0BICTBOPUTEIIHHO" BEICTABIISICTCS
€CIIM 3aJJaHNe MPEUMYIIECTBEHHO BHITIOTHEHO

KM-2. IIpumeHnenue z-npeodpa3oBaHus AJI8 AaHAJIN3A JMCKPETHBIX CHCTEM

®opmbl peaausanun: KomnsroTepHoe 3a1aHne

Tun koHTpoILHOrO MeponpusTus: Jlaboparopnas padora

Bec koHTpObHOrO Meponpusitusi B BPC: 20

IIpouenypa mnpoBeleHHsi KOHTPOJILHOTO Meponpusitusi: IIpoBoauTcs Ha YeThIPEX4acOBOM
3aHATUM B KoMmmbloTepHoM kiacce Kadeapsl JIUT. KoHTponupyroTcs OCHOBHBIE PE3yibTaThl.
IIpoBoanTCA YCTHBINM OIPOC MO PE3YJIHTATAM

Kparkoe conepxxanue 3aganus:
1. Halinure dyHKIMIO Iepeaun JUCKPETHON CUCTEMBI 110 33JJaHHOMY YPaBHEHHIO
¢mibTpanun. VicxoaHble JaHHBIE — B 3aBUCUMOCTH OT HOMepa BapHaHTa — MPEICTABIICHbI B
Tabm. 1.




Tabmmma 1

Ne | VpaexerHe QHIPTPANHH x[n] f.Ta |Fs,In
1| y[n] = 0.76x[n] - 0,76x[n-1]+0,52 y[n-1] | 2n[n] + 3n[n-10] - 1000
2 y[n]=0.24x[n] +0,24x[n-1]+0,52y[n-1] | n[n]cos(on) 50 1000
3 y[n] =0.2x[n] + 0.2x[n-1]+0.6y[n-1] N [n]sin(on) 500 6000
4 y[n]=0.8x[n] - 0,8x[n-1]+0,58y[n-1] | 2n[n]- n[n-20] - 6000
5 y[n] =0.9x[n] - 0.9x[n-1] + 0,8y[n-1] 3[n] +8[n-10] -28[n-20] - 8000
6 | y[n]=0,76x[n] - 0,76x[n-1]+ 0,52y[n-1] | (0,5)"n[n] - 10000
7 | y[n]=0.1x[n] + 0.1x[n-1] + 0,79y[n-1] | 0,58[n] +8[n-1]+0,58[n-2] | — 8000
8 | y[n] =0.8x[n] - 0,8x[n-1] + 0,62y[n-1] 1[n] - 8[n-5] — 20000
9 | y[n]=0.24x[n] + 0,24x[n-1]+0,52y[n-1 | (0,8)"n[n] — 10000
10 | y[n] = 0.2x[n] + 0,2x[n-1]+0,62y[n-1 1[n]cos(®n) 100 20000
11 | y[n]=0.4x[n] - 0,4x[n-1] + 0,3y[n-1] n[n] + 3n[n-10] — 2000
12 | y[n]=0,5x[n] - 0,5x[n-1] + 0,44y[n-1] n[n] + 3n[n-2] - 2n[n-5] — 15000
13 | y[n] = 0.12x[n] + 0,12x[n-1]+0,26y[n-1] | n[n] + 2n[n-5] + 2n[n-10] — 3000
14 | y[n] = 0.6x[n] - 0,6x[n-1] + 0.46y[n-1] 28[n] - 8[n-5] +28[n-10] - 8000
15 | y[n] = 0.1x[n] + 0,1x[n-1]+0,3y[n-1] (0,4)n[n] — 5000
16 | y[n] =0.3x[n] + 0,3x[n-1]+0,8y[n-1] 21n[n]cos(vn) 300 3000
17 | y[n] = 0.45x[n] - 0,45x[n-1] + 0,4y[n-1] | (0,6)n[n] - 8000
TIpavedanHa:

N[n] — AHCKpeTHBIE exHHHYHBLL ckauok; S[n] — enHHHTHBL HMIyIse: © = 2nf/Fs — HopMEpO-
BaHHAaA KPYIOBasd 4acToTa.

2. B ornensHOM rpadymuecKoM OKHE MOCTPONTE aMIUTUTYAHO-9aCTOTHYIO XapaKTePUCTHKY
JTUCKPETHON CHUCTEMBI 110 HaWeHHOM B 1.1 QyHKIMM nepeaadm.

3. AHaTUTUYECKUM MOJICITMPOBAHUEM HAMIUTE PEAKIIMIO Ha BBIXOJE TUCKPETHON CUCTEMBI IPU
1o/1aue Ha €€ BXOJI 33/IaHHOT0 CUTHaja X[n].

4. Onpenenute 3Ty PEaKM0 UMUTAITMOHHBIM MOJICTUPOBAHUEM C IIOMOIIBIO CPEIBI
MATLAB.

5. B otnenpHOM TpadnuecKoM OKHE IOCTPOWTE JBa moArpaduka co CBOMMH ocsiMu. Ha
nepBoM noarpaduke U300pa3uTe peaKiuio CUCTEMbI, HAWIEHHYIO aHATUTHUYECKUM U
MMUTAIMOHHBIM MOJICIMPOBAHUEM; HA BTOPOM — Pa3HUILY MEXK]Y STUMH PEAKIUSIMH.
CpaBHHUTE aHAUTUTUYECKOE U YHCIICHHOE OTTMCaHUE PEaKIIMU Ha BbIXOJE GUIIbTPA.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

VYMeTb: IPUMEHSThH z-
npeoOpazoBaHue JUIA ~ aHAIU3a
JMCKPETHBIX CHCTEM

1. HaiinuTe 1o 3alaHHOMY ypaBHEHUIO (pUIbTpaLUU
(GyHKIHIO TIepeaayl TUCKPETHOW CUCTEMBI.

2.Haiinure no 3a1anHoN GyHKLIMY Mepeiay ypaBHEHHE
(GUIBTpaluu TUCKPETHOW CHCTEMBI.

3.CocraBbTe nporpammy Ha si3bike MATLAB s
BbrunciaeHust AUX nuckpeTHoN cucTemMsl 1O 3aJJaHHOM
(GyHKIMU Tiepeiadyn, 0JI0Ce YacTOT U 4acTOTe
JTUCKPETU3AIIIH.

4.Bpruucnure 1o 3aaHHON (QYHKIIMU Tepeaayn
aMIUIUTYIHO-YaCTOTHYIO XapaKTePUCTUKY AUCKPETHON
CHUCTEMBI.

5.Paccunraiite peakiuio Ha BBIXOJE TUCKPETHON
CHUCTEMBI AaHAIMTUYECKUM MOJEIMPOBAHUEM IIPH [TO1AUE
Ha €€ BXO/1 3a/IaHHOT0 CUTHaJIa.

6.Paccunraiite peakiuio Ha BbIXOJE AUCKPETHOU
CUCTEMbI UMUTALIMOHHBIM MOJIETTMPOBAHUEM MIPHU MO/1a4e
Ha €€ BXOJ 3a/IaHHOT0 CUTHaJIA.

Onucanue MKaJbl OLICHUBAHUA:

Oyenka: 5
Onucanue xapakmepucmuku evtnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIN 3aJJaHNE
BBHITIOJTHEHO B MOJIHOM 00'beME WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
OnucaHnue xapaxmepucmuxu eblnonenus 3Hanus: OLeHKa "Xopouio" BbICTaBISETCS €CIU
OOJBIITMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABIICHUE TSl PEIICHUS 3a/1a4

Oyenxka: 3




Onucanue xapakxmepucmuxu evinoaneHus snanus: OueHKa "y10BIETBOPUTENIBHO" BHICTABIIAETCS
€CJIM 3aJJaHue MPEUMYIIECTBEHHO BBITIOIHEHO

KM-3. Cunre3 u anaau3 HudpoBbIX pUILTPOB

®opmbl peaju3anuu: KoMIbloTEPHOE 3a1aHKE

Tun koHTpoaBLHOrO0 Meponpusitus: Jlabopatopnas padora

Bec koHTpOBbHOrO0 MeponpustTusi B BPC: 25

IIpouenypa mnpoBeaeHHMs KOHTPOJILHOIO Meponpustus: IIpoBomurcs Ha 4YeETBIpEX4acoBOM
3aHSATHH B KoMmmbloTepHoM kiacce kadenpst JAWT. KoHTpoimpyroTcs OCHOBHBIE PE3YIIBTATHI.
[TpoBoaMTCA YCTHBIN OIIPOC IO PE3yJIbTaTaM

Kpartkoe cogep:xkanue 3aiaHuA:
1. C momomrsto rpaduyeckoit cpenbl fdatool makera pacmmpenus Signal Processing
paccuntaiite kKoappurments! nuppoBoro KUX-punprpa HIXKHUX 4aCTOT, UCXOJS U3
3a7aHHbBIX B TaO. 1 mapamerpoB AUX ¢uibrpa.
Tabmuna 1- [Tapamerpsl AUX mudpoBoro GuiibTpa M 4aCTOTHI CUTHAJIA HA €T0 BXOJIE

No 1 2 3 4 5

Fs, I'n 20000 10000 30000 40000 32000
Fpass, ['n 2500 2000 3000 3000 2800

Fstop, I'n 5000 4000 6000 7000 5000

Apass, 1b 0,001 0,001 0,001 0,001 0,005

Astop, 1b 60 60 60 60 60

f,I'n 100 50 150 200 250

No — HoMmep Bapuanta; Fs — yactora quckperusauuu; Fpass — rpaHuna nojgocsl IpOIyCKaHus;
Fstop — rpanuna noxoce! 3anepxuBanus; Apass — HepaBHOMEepHOCTh AUX B moJoce MpomyCKaHus;
Astop — mojaBiIeHUe Ha TpaHULE NIOJIOCH! 3P KUBaHusl; f — yacToTa CHHYCOUAAIBHOTO CUTHATIA.

2. IloBropuTte myHKT 1 11 mudpoBoro BUX-puipTpa HIKHUX 4aCTOT C allIpOKCUManuei
barrepBopTa; cTpykTypa QuiibTpa 10JKHA ObITh peajin30BaHa B BUJE KACKaHO
(mocre0BaTeIbHO) BKIFOUCHHBIX 3BeHbEB (CeKimii) 2-ro mopsaka (SOS — second-order
sections).

3. B oTensHOM rpaduueckoM OKHE MOCTpoiiTe Tpu noArpaduka co cBouMu ocsimu. Ha
nepBoMm mnoarpaduke nzodpazure AUX LD B monoce no wactorel HaitkBucTa; Ha BTOpoM — B
nonioce mpomnyckanus; Ha TpetbeM — DUX stux xe L{D. Yoenurecs, uto AUX
CHUHTE3UPOBAaHHBIX L[| y10BIETBOPAET MPOEKTHBIM HOPMaM.

4. B otnenbHOM rpadMuecKOM OKHE B OJIHUX U TEX jK€ KOOpAMHATaX MOCTpoiiTe rpaduku
peakuuii Ha Beixojax L{® u3 n. 1 u 2 npu nojave Ha UX BXOJIbl CHHYCOUAAILHOTO
JMCKPETHOT0 CUrHala ¢ 4yactotoil f, ykazanHoi B Tabn. 1. Ouenute no rpadukaM 3aaepKKu

1®.

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3HaTh:  TOHATHWHBIA  ammapar
UppoBOH GHIBTPALTUH

1.Kaxoit punbTp HazsiBaeTcss KUX-bunstpom?
2.Kakoit ¢punbTp HazeiBaercss BUX-dunstpom?
3.Yro Takoe kackaaHas popma peanuzaunu bUX-
¢unbTpoB?

4.Kakuve GuiabTpbl CHHTE3UPYIOTCS METOJIOM
OounmHelHoro npeoOpa3oBaHus?

YMers: CUHTE3UpPOBATH u 1.3anummuTe ananuTuyeckoe BoipaskeHne AUX bUX-
AHAIN3UPOBATh 1 poBsIe ¢uIbTpa HUHXKHUX YacTOT C aNpoKCUMaIen
GuIbTPHEI barrepBopra

2.Cmopenupyiite LD ¢ nomomsio MATLAB Bo
BpEeMEHHOMU o0jacTu




3.IIponemoncTpupyiite cuntes L{d mMerogom
OuIMHEHHOTO MpeoOpa3oBaHus, €CIIM aHAJIOTOBBIN
MPOTOTHIT — 3TO (PHIBTP HUXKHUX YACTOT IIEPBOTO
nopsiiKa

4.PaccuwnTaiite ¢ momoibio cpeanbl fdatool
koappunments! nudposoro KUX-punsrpa, ncxons usz
3agaHHbIX napameTpoB AUX cunresupyemoro LD

Onucanue MKAJbI OICHUBaAHUSA:

Ouenka: 5
OnucaHnue xapakmepucmuxu 6blnoineHus 3Hanus: OLeHKa "0TIMYHO" BBICTABIISIETCS €CIIU 3a/1aH1E
BBITIOJTHEHO B MTOJIHOM 00bEME WJIH BBITIOJHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Onucanue xapakmepucmuku ebtnoanenus 3uanus. OueHka "Xopomio" BbICTABISAETCS €CIIH
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE JUISI PEIICHUS 3a]1a9

Oyenka: 3
Onucanue xapaxmepucmuxu evinonnenus snanus: OneHka "yJI0BISTBOPUTEIIHHO" BEICTABIISCTCS
€CITU 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJHEHO

KM-4. Ilpumenenne JII®D qisi cieKTPaJbHOI0 AHAJIU3a CUTHAJIOB

®opmbl peasunzanun: KoMeroTepHOE 3a/1aHHE

Tun koHTpOIBLHOr0 MeponpusaTus: KonrponsHas pabora

Bec kouTposabHoro meponpusitusi B bPC: 15

IIpoueaypa npoBeaeHusi KOHTPOJIBLHOr0 MeponpuATUs: [[poBOAUTCA HA MPAKTUYECKOM 3aHATUH
B KoMIIbIoTepHOM Kiacce kadenpsl [IUT B TeueHue 45 mun

Kparkoe cogepxxanue 3agaHusi:
KonTponbhas paboTa oprueHTHpOBaHA HA TPOBEPKY YMEHHS MPUMEHSThH JUCKPETHOE
npeobpazoBanue Oypbe ISl CIEKTPaIbHOTO aHAIN3a CUTHAJIOB U MCIIOJIb30BAaTh JUIsl 3TOTO
cpeny MATLAB

KoHTpoJibHbIE BONIpOChI/3aJaHUA:

YMers: 1.1. B rabnuie 1 3agaHbl AUCKPETHBIE OTCUETHI OJTHOTO TMEPHO/Ia HANIPSDKEHUS U
MIPUMEHSTh yacTtoTa quckperusaiuu Fs. Ucnons3ys cpeny MATLAB, onpenenute
JHACKPETHOE aucKkpeTHoe npeodpazoBanue Oypoe curnana (AI1D).
npeoOpa3oB 2. OnpenenuTe 4acTOTy U aMIUTUTYAy HanboJiee 3HAUUMOW TaPMOHUKH
anue @ypwe HaIpsKEHUsI.
JUISt 3. Onpenenure cpelHEKBaIpaTUUECKOE 3HAUEHUE CUTHAJIA 110 €0 CIIEKTPY.
CIEKTpaJbH
Oro aHaju3a Tabmuma 1
CUTHAJIOB Fs,
Neo| Otcuets! HanpspkeHus, B kI’
I
10| 2% | 1992 5184 | 8388 | 00 | 59% | 2154 11837 | 2065 |1
1 0 73 43
2 | 0] 2194 | 1391 D100 11g.339 | 090 123 10,106 | 1891 | 21,00 |2
1 0 51 48
3 |0 24,89 | - - 24,89 | 0,00 | - 2,245 | 2,245 | - 3
90 2,245 | 2,245 | 90 00 248 |1 1 24,89
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T 99 %0
4 | 0] 238 | 2510 | 3632 | SSTTH 00 1587 | 3632 | 9,510 | 15,88 | 4
79 |7 |6 |4
50| 5292 | 9910 Tag00 | 2877 1090 |57 | 1000 9510 | 4302 | 5
08 79 6 |01
6 0| oo%% | 119 1045 | 2952 1090 1965 | 22% | 7150 | 2489 | 6
1 21 4 |90
70| o™ | DT Teasg | 731090 g 73 | 0959 | 7747 | 3185 | 7
6 10 2 |ea
8 | 0| 230 | 2999|3032 17058 100 1115 | 3632 | 5983 | 1538 |8
84 |7 |9 |84
o | 0| 1443 | 1000 4220 | 4925 000 | g5 | g | 1009 | 1443 |
68 |5 |84 |74
S| g% 11597 laga | ases | 000 |50 | 2992 1507 | 2585 | 10
r 62|00
Onmncanne MKAJIbI OLICHUBAHUA:
Ouyenka: 5

Onucanue xapakmepucmuku blnoanenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CJIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBIIIOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BICTaBISETCS €CITN
OOJIBIIMHCTBO BOMIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHUE ISl pEIICHUs 3a/1a4

Oyenka: 3
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHIIIOJIHEHO

KM-5. Koppexkuus AUX genumMarTopa co CTPYKTYpPOil <MHTErpaTop — rpedeH4yarbli
¢puabTp»

®opmbl peaanzanuu: KoMeroTepHOE 3a1aHKE

Tun koHTpoaABLHOr0 Meponpusitus: Jlabopatopnas padora

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpoueaypa mnpoBeaeHHs KOHTPOJIBLHOro MeponpuaTHa: IIpoBoauTcs Ha YETHIPEXYACOBOM
3aHATHU B KoMmIbloTepHOM Kiacce kKadeapol JIUT. KoHTpommpyroTcss OCHOBHBIE pe3yibTaThI.
IIpoBoauTCA YCTHBIN OIIPOC 10 PE3YJILTATAM

Kpartkoe cogep:xxanue 3aganus:
1. Ucxons u3 3a1aHHbIX B Tabi. 1 mapaMeTpoB, BbIOEpHUTE YACTOTY OTCUETOB Ha BBIXOJIE
JermMaTropa co CTpYKTYpol “UHTerpatop-rpedeH4atsiii puiubTp” U3 psana 3HaueHui: 1, 2, 4, 8,
16, 32, 64 xI'n.
2. Ouenute nopsaok koppekrupyromiero KUX-punprpa.
3. Cunresupyiite koppektupyomuit KUX-dunstp.
4. B otnensHOM TpadueckoM OKHE MOCTPOUTE /1Ba moArpaduka co cBouMu ocsiMmu. Ha
nepBoM nojarpaduke n3odpazure AUX koppekTupyrouiero GpuiabTpa, HopMupoBaHHble AUX

LIEJIEBOr0 U (QMIIBTpa-AeUMaTopa B MOJIOCE O 4acTOThl fout; Ha BTOPOM — HOPMHPOBAHHYIO
11




AYX neneBoro ¢puiIbTpa B OJ0CE MponycKaHus. Yoenurech, uro AUX 1eneBoro puibTpa
YIOBJIETBOPSIET 33JaHHBIM ITapaMeTpaM.

5. OueHuTe MUHUMAJIBHOE 110/IaBJICHHE B I10JIOCE 3aJICPKUBAHUS LIENIEBOTO (pUIbTpa
AHATMTHYECKUM U YHCICHHBIM MoJieupoBanueM. CpaBHHUTE IOJTydCHHBIC PE3YIIbTaThI.
Tabmuua 1 — [Napamerpsr neneBoro u CIC-puibtpa

Bapuant ITapamerpsr CIC-dunptpa | I[lapameTps! nieneBoro GrisTpa

N fs, MTI'1 Fpass, I'n | Fstop, ' | Dpass | Dstop
1 3 1,024 2000 3000 0,001 | 0,001
2 3 1,024 3000 4000 0,001 | 0,003
3 3 1,024 500 600 0,001 | 0,005
4 4 1,024 1000 1300 0,001 | 0,001
5 4 1,024 200 300 0,001 | 0,002
6 3 2,048 1000 1500 0,0001 | 0,0001
7 3 2,048 2000 2500 0,001 | 0,001
8 3 2,048 200 300 0,0001 | 0,0001
9 3 2,048 2000 3000 0,001 | 0,003
10 4 2,048 4000 5000 0,001 | 0,001
IIpumeyanus:

1. Dpass — makcuManbHOE OTKJIOHEHHE HOpMUPOBaHHOM 11en1eBoil AUX OT eMHuUIIbI B 110510Ce

nporyckanus Fpass.

2. Dstop — makcuMaiibHOE 3HaYeHHE HOPMUPOBaHHOU 1ienieBoii AUX Ha rpaHHIie TOJI0CHI

3anepkuBanus Fstop.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

YMeTh: MOJETUPOBATH CHUCTEMBI C
MHOTOCKOPOCTHOM 00paboTKOM
CUTHAJIOB

1.OuennTe NOPSIIOK KOPPEKTUPYIOMIETO (PHIIbTpa
2.Paccuuraiite AUX nenumartopa 3-ro nopsijaka ¢
kodpdunmeHToM nenumanuu 64 1 BXOJHOW 9acTOTOU
nuckperusanuu 1,024 MI'n

3.IIpoeMOHCTpHUPYITE CUHTE3 KOPPEKTHUPYIOLIErO
KUX-punsrpa

4.CocTaBbTe CTPYKTYpPHYIO CXEMY MPeoOpa3oBaTeIst
YaCTOTHI AUCKPETU3ALNH C PAllMOHAIbHBIM

ko3¢ dunreHToM

Onucanue MIKAJbI OLlEHUBAHUS

Ouyenka: 5

Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4

Onucanue xapakmepucmuku evtnonanenus 3uanus.; OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHUE JIsI PEIICHUS 3a/1a4

Oyenka: 3

Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. OI.[CHKa "y,Z[OBJ'IeTBOpI/ITCJ'ILHO" BBICTaBJIACTCA
€CJIM 3aJaHUEC NPEUMYIICCTBCHHO BBIITIOJITHEHO

12




COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
1 cemectp
@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

DK3aMeHALIIOHHBII O1uteT Ne 4 Vingepcoaro:

Kadenpa J[rarsocTHICCKHX HE(OPMANHORHE TEXHOTOTHI 3as.xapeopoit

MDH

Jucimniaaa: MIIOHN

XX.XXXX
MucTHTYT: NBTH

1. JIHCKpETHBIE CHTHAJIBL NHCKPETH3AlHA CHIHAIOB; IIOCIEN0BATENBHOCTH H
OCHOBHBIE JeHCTBHA ¢ HHMH; 9acTOTa HaﬁKBHCTa; CIEKTP OHCKPETHOI'O CHI'HA-
J1a; COOTHOIICHHUC MEIKIY CIICKTPOM aHAIOTOBOIO H JHCKPETHOI'Q CHIHATaMH;
HATO0KEHHE CIIEKTPOB.

2. Haiinure QyHKIMIO IepeadH, KOTOpas COOTBEICTBYET YPaBHEHHIO (HIBT-
PAlHH THCKPETHOH CHCTEMEI

ylnl=box{n]—byx[n—1]+ ayy[n—1]+ayy[n-2]

IIpoueaypa nposenenus

CrTyneHT TOTOBUT NMHUCHMEHHO 3a/laHMs, yKa3aHHbIE B Owiere. 3aTeM YCTHO OTBedaeT. Bo Bpewms
NPOBE/IEHUS PK3aMEHa CTYACHThl MOTYT MOJb30BaThCs PabOYMMM MPOrpaMMaMy AMCLUIUIMHBL U
pa3JaTOYHBIM MaTepHalioM, a TaKXe C pa3pelleHHs] MpernoaaBaress, MPOBOASILErO SK3aMEH,
CIIPAaBOYHOM JMTEpaTypold. MUHMMaIbHOE BpeMs, MPEJOCTABIsEMOE CTYIEHTY Ha MOJATOTOBKY K
OTBETY JOJDKHO cOCTaBiATh 45 MuHyT. Ilo HcTeueHMM 3TOro BpeMEHM CTYAEHT 00s3aH ObITh
TOTOBBIM K OTBETaM.

L. Ilepeuens Komnemenyuit/uHOUKAMOPoO8 u KOHMPOAbHBIX 60RPOCOE NPOBEPKU PE3YTbMAM 08
0CGOCHUA OUCUUNIUHDL

1. Komnerenuusi/Mnankarop: N/I-1nk-2 Ocymiectisier 00pab0oTKy U3MEpUTENbHON
nH(OpMaIru, TPOBOIUT aHAIHU3 U CTPYKTYPUPOBAHHUE TAHHBIX

Bonpocel, 3aganus
1./Inckpernsanus 1 KBaHTOBaHUE CUTHAIOB. HactoTta HailkBuCTa; CIEKTP IUCKPETHOTO
CUTHAJIA; COOTHOLIEHHE MEXY CIIEKTPOM aHAJIOTOBOI'0 U JUCKPETHOTO CUTHAJIAMY;
HaJIO)KEHHE CIIEKTPOB.
2. luckpeTHble curHaibsl: Teopema KorenpnukoBa-HailikBucra; cyOauckpeTH3anms;
AHAJIOTOBbIE (PUIIBTPHI 3aLIUTHI OT HATOXKEHHSI CIIEKTPOB.
3.Crioco0b1 onyMcaHus IMHEMHBIX CTallMOHAPHBIX CUCTEM: Pa3HOCTHBIE YPaBHEHUS;
UMITyJIbCHAs XapaKTEepPUCTHKA; PYHKIMS Mepeladi; YaCTOTHAs XapaKTepPUCTHKA.
Y CTOMUNBOCTD TUCKPETHBIX CUCTEM.
4.Z-tipeoOpa3zoBaHme: ONMPEACIICHUE U 00JIaCTh CXOIMMOCTH; CBSI3b Z-IPE0OpPa3OBaHUS C
npeoOpazoBanuem Pypre u Jlamnaca. OCHOBHbIE CBOMCTBA Z-TIPe0Opa30BaHUs: TUHEHHOCTh U
3ajepkka. [I[puMep npuMeHEeHUs STUX CBOMCTB.
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5.006parHoe z-TipeoOpa3oBaHue U CIIOCOOBI €0 BRIYMCICHUS: TAOJUYHBIN METO; MPUMEHEHHE
TEOPEMBI O BbIUETAX; METO]I PA3JIOKEHUSI Ha IPOCThIE APOOH.

6.1{udposoe uzmepenrne CK3 curHanoB u mapaMeTpoB MOIIHOCTH BO BPEMEHHOMN 001acTH.
7.1Uudposie GunbTpel: Knaccupukanus GuabTpos; THIH THGPpoBbIX GrbTpoB (LID); popmbr
(ctpykTypsl) peanuzanun L{®: npsimas, kKaHoOHWYECKas, KaCKaaHasl, apajljiebHasl.

8.CuHTe3 peKypCUBHBIX (DUIBTPOB MO aHAJIIOTOBOMY IIPOTOTHUITY: METOJ UHBAPUAHTHOU
UMITYJTECHOU XapaKTePUCTHKHU.

9.CuHTe3 peKypCUBHBIX (PUIBTPOB IO aHATOTOBOMY MIPOTOTHITY: METO] OUITMHEIHOTO
peoOpa3oBaHusl.

10.CuHTE3 HEPEKYPCUBHBIX (DHIBTPOB C UCTIOJIB30BAHMEM OKOHHBIX ()YHKIIUM.
11.IuckperHoe nmpeodbpazoBanue Oypre (AIID): mpsmoe u oOpaTHOE; OCHOBHBIC CBOMCTBA
JIID: nuHEeHHOCTD U 3a7ePKKa.

12.Boruncnenune JAI1®: npsmoe BeramciaeHue; OpicTpoe npeodpazoBanue Oypbe; aaroputm
I'epuens.

13.M13MeHeHue YacTOThI TUCKPETU3ALUH: HHTEPIOJAIMS, ASUUMAIHS U TIePeIUCKPETU3AIUS;
JIEIUMATOP CO CTPYKTYPOH «MHTErpaTop-rpedeHYaThii PUuibTpy».

14.IIpeoOpazoBarenb 4aCTOTHI AUCKPETU3ALNH C PALIMOHATIBHBIM KO3 durmenToM. [IpuHmmmn
MOCTPOCHUS TPeoOpa3oBaTelsi ¢ BEUIECTBEHHBIM KO DUITUEHTOM.

15.0npenenure z-npeoOpa3oBaHUE CyMMBI IBYX €IUHHUYHBIX TUCKPETHBIX CKAaYKOB, OJIUH M3
KOTOPBIX 3aJIepKaH Ha 5 TaKTOB.

16.Haiinure ypaBHeHHE GUIbTPAIIMK, KOTOPOE COOTBETCTBYET (YHKIUU IEpenadn
TUCKPETHON CHCTEMBI

-1
bz
HE)=—2—
l—a1z ~ +ayz
i

17.Haitnure ¢pyHKIUIO Iepeaun, KOTOpasi COOTBETCTBYET YPaBHEHHIO (GUIIbTPALIUN
JUCKPETHON CUCTEMBI

y[n] = bgx[n] - b x[n—1]+ayy[n—1]+ay[n-2].

18.Ha Bxox nuneiiHoi ctaunonapHoi (JIC) cuctemsl ¢ pynkuueit nepenaun H(z) nopaercs
eMHUYHBIN uMIysbc. HaliguTe ananutuueckoe onucanue curdana Ha Beixoje JIC, ecnu H(z)
UMeeT BUJ:

1—|—.—1'_2
1-0.9z"1+0,2z74

19.HaiinnTe aHanuTHYECKOE BRIPAYKEHNE KOMIUIEKCHOM YaCTOTHOM XapaKTEPUCTHKH
JeIMMaTopa Ha OCHOBE CTPYKTYPbI «MHTErpaTop-rpeOeHyaTbiil pUiIbTp», €ciu ero mopsIok
paBeH 3, a k03P PUIIMEHT AeIUMAaIU paBeH 64.

20.AHan0roBeIi IPOTOTHI HU(PPOBOrO (GUIBTPOB MpeAcTaBiIeHbl Ha pucyHke, rae C = 10 oD,
R =100 xOMm. Ucrionb3yst MeTO1 OMIMHEHHOTO Ipeo0pa3oBaHus, HAUIUTE aHATUTHIECKOE
onucanue H(z) — pyHnkuuu nepenadr COOTBETCTBYIOMIETO U(PPOBOTo (PUIBTPA ISl HACTOTHI
nuckperusarnuu 10 k' .

H(z)=
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HY=winnTp 1-f0 NOpEaG

21.Ananorosslii nporotun uudposoro GuasTpoB npeacTaBieHsl Ha pucyHke, rae C = 100 D,
R =20 xOm. Ucnonb3ys MeTO1 MHBAPUAHTHOM UMITYJIbCHOM XapaKTepUCTUKHU, HalliuTe
aHanutuyeckoe onucanue H(z) — pyHkmu nepenadr COOTBETCTBYIOUIETO MU(PPOBOTO PUILTPa
JUTsl 9acTOThI nuckperuzanuu 10 k.

Bxon Iﬁ Buioon

R

BY-hrneTp 1-ro nopAaxa

22 Haitnure CK3 neproauueckoro HanpsskKeHUsl 10 AUCKPETHBIM OTCUETaM:

OrtcueTs! HanpshkeHMs, B
ol1]o]-1]of1]0]-1

23.YacroTra mepruoanueckoro HanpspkeHus coctabisieT S0 [, MakcuManbHBIH HOMEp
rapMoHuKH paseH 40, unrepBan usmepenns CK3 nanpspkenns pasen 200 mc. Paccuuraiite
MUHUMAJIbHYIO YaCTOTY JUCKPETU3AIMH, YTOOBI MUHUMHU3HUPOBATDH MTOTPEIIHOCTh U3MEPEHUs
CK3 HanpspkeHus.

24 IMTomyueno 2048-roueuHoe auckpeTHOE nmpeodpazoanme Dypre (JII[1D) curHaia ¢ gacToToi
nuckperusanuu 10240 I'u. Onpenenure paspemenue A1 no yactore u JNIUTENBHOCTh
MU3MEPUTENILHOTO OKHA.

MarepuaJsl i1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1.Kakas ¢pyHKIMS nepeaadn COOTBETCTBYET YPaBHEHUIO (PUIBTPALIUK AUCKPETHON CHUCTEMBI

15



y[n] = boxln] - byx[n —1]+ ayy[n — 1]+ ay[n - 2]

OTBETHI:

F
=
1
L
I
Gl‘.:.'-*
|
iy
k.
i

— _
1-az l—ﬂzf -
bo+ bzt
E' H(E): _1 _"
ltaz " —arz™=

— .
1+r:11£ 1+c12£ <
—b +blz_1
- 0
4. H(;) = — —
1+r:11£ +a,z

Bepnsiit otBeT: 1
2.0npenenuTe COOTHOUICHUE MEX/Y YaCTOTOW CHHYCOMIATBHOTO CUTHANIA f, 4acToToit
nuckperusanmy fs, yrciaom orcueroB N Ha MHTEpBaie U3 M MEPHOIOB CUTHAIIA, YTOOBI
WCKJIFOYHTH pacTeKaHue cnekrpa curaaina npu AI1D.

OtBeTsI:

1. £, N

.ﬁ:;gfm

4. fa":if

I

-2

BepHsiii otBeT: 4
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3.ITonyaeno 2048-toueunoe quckpetHoe npeodpazoBanue Dypoe (JAI1D) curnana ¢ vactoToi

nuckpernsanuu 10240 I'u. Onpenenure paspemenue 1D nmo gactore df u nmutenbHOCTD
U3MEPUTEIIBHOTO OKHa T.
OTBeTHI:
1.df=5Tg ;T=5¢
2.df=5T1 ; T=200 mc
3.df=0,2 T ; T=200 mc

Bepwusiit otBeT: 2
4.0Onenute cpennekBaaparndeckoe 3HaueHne (CK3) meproandeckoro HampsKeHus,
AMIUIMTYIHBII CIIEKTP KOTOPOro HAalJIEH C MOMOIIbIO AUCKPETHOr0 npeoOpazoBanus Pypose u
IIPE/ICTABIIEH HA PUCYHK

70 T

64 4
60

AMNNMTYAHBIA cnekTp, B
g 8 g
T
L | |

N
S
I

=
T
I

o 20 40 60 80 100 120 128 140
HOMEp oTcyeTa

Figure 1 AMNAUTYAHBIA CNEKTP NEPUOAUYECKOro CUrHana

0

OtBeTsl:
1.CK3=64B
2. CK3=1B
3.CK3=128 B
4.CK3=0,707 B
Bepnslii otBeT: 4
5.Kakue GuiIbTpbl CHHTE3UPYIOTCS TI0 aHAJIOTOBOMY IPOTOTHITY
OTBeThI:
1. HepeKypcHUBHBIE
2. peKypCUBHbIE
3. HEpeKypCHUBHbBIE U PEKYPCHBHbIE
4. ¢ KOHEYHON UMITYJIbCHON XapaKTEPUCTUKON
BepHnrriit otBeT: 2
6.Ha xakoM pucyHke nzo0pakeHa KaHOHHUYECKasi CTpyKTypa udpoBoro GpuibTpa

OTtBeTHI:
1. puc.1
2. puc.2
Bepusliii otBerT: 1
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7.B xakom nupoBoM (pUIBTpE JIETKO peainzyercs JrHeiHas (a3049acToTHas XapaKTepUCTHKA
OtBeTsI:
1. B mobom
2. B PEKYPCUBHOM
3. B HEPEKYPCUBHOM
4. ¢ 0eCKOHEUHOUN UMITYJIbCHOU XapaKTEPUCTHUKOMN
Bepnblii oTBeT: 3
8.IlpeacraBieHHBIN Ha CTPYKTYpHOH cxeme (CM. pHcC. 1) renumaTop XapakTepu3yeTcst
ko3 unuentom nemumanuu Q u fc — yactoroit cpesa uaeanbHOro (GUIBTPa HIPKHUX YaCTOT
(®HY). Onpenenure orpaHMYeHUE HA YAaCTOTY AUCKpeTHU3aluu fS Ha BXoze JenumaTopa, eciu
Q=3ufc=2xlm.

vIk] | omy [P, +Q yim]
S A ;0

Figure 2 Puc.1— CTpyKTypHaa cxema geuumaropa

OTBeETHI:
1.fs >4 kl'y
2.fs> 12 k'
3.fs >6 k'
4.fs >24 k'

BepHusriii otBeT: 2
9.0mpenenute K — xkoadduimeHT nepeaayu B nojoce nponyckanus u fc — npeaenbHyro
4acTOTY cpe3a uaealbHOro (GUIbTpa HUKHUX YacTOT MHTEpIoysitopa (cM. puc. 1), ecnmm fs —
4acToTa JUCKpEeTH3auu Ha Bxoje paBHa Ha 10 k['1; P — koaddunimenT yBeanueHus 4acToTsl
TUCKPETU3AIUHU paBeH 4.
x[n]=x,(nTy) vi[4] Punetp v[k]
— ? P - —>  HKHUX —
fa f=Pfq yacrtot Js=Pfq

Figure 3 Puc. 1 — CTpyKTypHas cxema MHTepnoasaTopa

OTBeTHI:
1. K=1:fc=5kl
2. K=1;fs=2,5«l'n
3. K=4;fs =20«
4. K=4;fc=5kI'n
Bepnslii otBeT: 4
10.Yemy paBHO z-ipeoOpa3zoBaHHe CYMMBI ABYX €AMHUYHBIX UMITYJIHCOB, OJIMH U3 KOTOPBIX
3a7iep>KaHHbIN Ha | TakT
OTBeTHI:
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Bepnplii otBeT: 4
11.®ynkuus nepegadyu JUCKPETHON CUCTEMBI 3TO:
OTBeTHI:
1. z-npeoGpazoBaHKe UMITYIBLCHOM XapaKTEPUCTHUKU CUCTEMbI
2. Z- mpeoOpa30oBaHKE PEAKIUS CHCTEMBI Ha SMHIUYHBIN CKauOK
3. oTHOIIEHHE Z-TIpe0Opa30BaHMil BBIXOJHOTO U BXOJTHOTO CUTHAJIOB CUCTEMBbI
Bepnpiii oter: 1,3
12. IMniynbCcHas XapaKTEPUCTHKA JUCKPETHON CUCTEMBI 3TO:
OTBeTHI:
1. peakuusi cUCTEMBI Ha €IUHUYHBIN UMIYJIbC IPU HYJIEBBIX HAYAIbHBIX YCIOBUSIX
2. peakiusi CUCTEMBbI Ha €IMHUYHBIN CKAYOK MPU HYJIEBBIX HAYAJIBHBIX YCIOBHUAX
3. peakius cucTeMbl Ha AenbTa-QyHKIHo J(upaka mpu HyJIeBbIX HAYaIbHBIX YCIOBHSIX
4. peakIusi CUCTEMbI Ha KOMIUIEKCHBIN SKCITOHEHIIUATBHBIN CUTHAI
Bepusiii otBerT: 1
13.0mnpenenure COOTHOMICHUE MEKIY YaCTOTOM f CHHYCOMIaIbHOTO CUTHAJIA K 4aCTOTa
nuckperu3ary fS, 4ToObI HCKITFOUNTh HAJIOKEHUE CIIEKTPOB
OTBeTHI:
1.fs>f
2.fs = 2f
3. fs>1/2
4. fs > 2f
BepHnplii otBeT: 4
14.KakoBa pa3sMepHOCTb CIIEKTpa IUCKPETHOTO CUTHAja
OTBeThI:
1. 1 (6e3pa3mepHbIii)
2. pa3MepHOCTh CUTHaJA
3. pasmepHocTh curaana/l'ig
4. pazamepHoCTh curHama*[ o
Bepnsiit oteT: 2
15. AMITUTYIHO-4aCTOTHAs XapaKTePUCTUKA 3TO:
OTBeTHI:
1. KOMIUTEKCHBINA KOO DUITUEHT Mepeaadn
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2. MOJyJb KOMIUIEKCHOTO KO3 PHUIMEHTA Nepeadn
3. AeiicTBUTEIbHAS YACTh KOMIUIEKCHOTO KOA(pdUIIMEHTa Mepe1adn
4. MHUMas 9acTh KOMIUICKCHOTO Kod(dduimenTa nepegadn
Bepnsiit oteT: 2
16.KakxoBa pa3sMepHOCTb CIIEKTpa aHAJIOTOBOT'O CUTHAJIA, OTPEACISIEMOr0 MPeodpa3zoBaHUEM
dypnoe:
OTtBeThI:
1. 1 (6e3pa3zmepHbIii)
2. pa3MEpHOCTh CUTHaa
3. pa3mepHOCTh curHana/l it
4. pasamepHOCTh curHanma*[ o
Bepnpiii oter: 3
17.Kakoe ypaBHeHHE GUIBTPALIUN JUCKPETHON CHUCTEMBI COOTBETCTBYET (DYHKIMH Mepesadn

-1

z
HE)=— 2
l—az” " +az™ =

OTBETHI:
- y[n]==bix[n—1]+ayy[n—1]+ayy[n—-2]

2. y[n]=byx[n-1]-ayy[n -1+ a;y{n -2]
¥ =bxln -1+ apin—1-a{n-2]
. yIn)=bx[n-1]+ay[n—-1]+a,y[n—2]

[a—

|

oW

BepHplii oTBeT: 3
18.BriuncnuTe 4acTOTY TAPMOHUYECKOTO CUTHAIA HA BBIXO/I€ JUCKPETHON CUCTEMBI IIPH
yactore auckperusaruu 10 k['11 1 gacToTe BX0AHOTO aHajgoroBoro curaina 11 kI'n

OTBeTHI:
1 =11«
2 = 1kl
3= 5kl
4=55«kln

BepHnrriit otBeT: 2
19. Beruncnute cpeanekBaapatudeckoe 3HaueHue (CK3) nepuoanueckoro HanpsHKeHUs: 1Mo
€ro JUCKPETHBIM OTCUETaM:

OrtcueTs! HanpsbkeHys, B

0l2]o]-2][0[2]0]-2

OTBeTHI:
1.CK3=0B
2.CK3= 2B
3.CK3 =14B

BepHnsiit otBeT: 3
20.AHanoroBslii mpoToTHIl HUGPOBOro GUIBTPA, MPEACTABICHHBI Ha PUCYHKE, UMEET
gactoty cpe3a 500 I'u. Ucnons3yst MmeToa OMmnHEeHHOTO TpeoOpa3oBaHusl, HAUIUTE
aHanutuyeckoe onucanne H(z) — pyHKImu nepenadr COOTBETCTBYIOMIETO MU(PPOBOTO PHIBTPa
JU1s1 4acToThl auckpern3annu 10 kI .
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HY=neTp 1-50 ROpaka

OTBETHI:

0,24 + 0,24z 1
1-0,52z71

1.H(z) =

0,24 — 0,24z~ 1
1+0,52z71

2.H(z) =

0,24z71
1—-0,52z"1

3.H(z) =

Bepnsiit otBeT: 1
21.Ananorosslif nporotun nuudposoro GpunsTpa, MpeACTaBICHHBI Ha PUCYHKE, HUMEET
ygacTtoty cpe3a 500 I'u. Ucnons3yst MmeToa OumuHenHOTro peoOpa3oBaHusl, HAUIUTe
aHanutuyeckoe onucanue H(z) — pyHKIMM nepeaayn cOOTBETCTBYIOMIETO ITUGPOBOTO GUIBTPa
JU1s1 4acTOThl Auckpern3annu 10 kI .
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BY-hrneTp 1-ro nopAaxa

OTBETHI:

0,76 + 0,24z~ 1

LHG) = =555,

0,76 — 0,76z 1
1+0,52z71

2.H(z) =

0,76 — 0,76z71
1—-0,52z71

3.H(z) =

Bepwnsliii otBeT: 3
II. Onucanue wkanvl ouenueanus

Ouyenka: 5
Onucanue xapakxmepucmuxu 8binoaneHus 3nanus: PadoTta BBIITOJIHEHA B paMKaX "TIPOJBHHYTOTO"
ypoBHs. OTBETHI TaHBI BEPHO, YETKO CPOPMYTUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Ouyenka: 4
Onucanue xapaxmepucmuxu vinoiHeHus sHanus: PaboTa BeIONHEHA B paMKax "6a3oBoro"
ypOBHs. BOJIBIIMHCTBO OTBETOB AaHBI BEpHO. B yacTu MmaTtepuana ecTh He3HAUYNTETbHbIE
HEJIOCTATKU

Oyenka: 3
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Onucanue xapaxmepucmuxu vinoineHus sHanus: Pabora BeIOTHEHA B paMKaXx "moporooro"
ypoBHsi. OCHOBHAs 4acThb 3a/laHus BbIMOJIHEHA BepHO. Ha Bompock! yriy0aeHHOro ypoBHS
MPaBUJIbHBIE OTBETHI HE TOJIY4YEHbI

111. Ilpasuna évicmasienus umozo8oi OyeHKu no Kypcy

Omnenka ormpenensercss B coOTBETCTBUU ¢ llonokeHuem o OaidbHO-pEHTHHIOBOM CHUCTEME IS
cryaenToB H1Y "MBOH" Ha ocHOBaHUM CEMECTPOBOM U aTTECTAIIMOHHON COCTABIISIFOLINX
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