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OneHouHble MaTepHajbl — 3TO COBOKYIHOCTb Y4YeOHO-METOAMYECKHUX MaTepHajioB
(KOHTPOJIBHBIX 3aJaHuM, onucaHui ¢opM U NpoUENyp), NPEJHA3HAYCHHBIX [UI1 OLICHKH
KayecTBa OCBOEHMS OOYy4alOUIMMMCS  JAHHOW  JUCHMIUIMHBI KAaK 4YacTd  OCHOBHOM
00pa30BaTeIbHON IPOTrPAMMBI.

Ilenp — OLIGHUTH COOTBETCTBUE 3HAHWN, YMEHHUH U YpPOBHS NPUOOPETECHHBIX
KOMITETEHIINH, 00yJaromuxcst LeiIsiM U TpeOOBaHUSM OCHOBHOM 00pa3oBaTeIbHOM MPOrpaMMBl B
X0J1€ MPOBEACHUS TEKYIIETO KOHTPOJISA U IPOMEKYTOUHOM aTTECTALUH.

OcHoBHas 3a/1a4a — 00€CIEUYNUTh OLEHKY YPOBHS c(hOPMUPOBAHHOCTH OOLIEKYIbTYPHBIX
U MPO(heCCHOHANBHBIX KOMIIETEHINH, TPHOOPETaeMbIX 00YYarOIIUMCS B COOTBETCTBUH C STUMH
TpeOOBaHUSIMHU.

Kontpons 3HaHuii mpoBoauTcss B (opMe TEKyIIero KOHTPOJS M MPOMEKYTOUHOU
aTTeCTalWH.

Texkymuii KOHTpOJIb YCIIEBAEMOCTH NIPOBOJUTCS C LEJIBIO ONPEICICHUS CTEICHU
YCBOEHMsI y4eOHOIro Marepuana, CBOEBPEMEHHOI'O BBISABICHHMS W YCTPAaHEHMS HEIOCTAaTKOB B
MOJrOTOBKE O0YYAIOIIUXCSA M MPUHATHS HEOOXOAUMBIX MEp MO COBEPIICHCTBOBAHHIO METOIMKH
npenojiaBaHus yueOHON TUCHMIUIMHBI (MOJYJsl), OpraHu3alu paboThl 0Oy4aIONIMXCS B XOJ€
y4eOHBIX 3aHATHIA U OKa3aHUS UM WHAMBHIYaTbHOMN MTOMOIIIH.

K koHTpono Tekyliel ycneBaeMOCTH OTHOCATCS NPOBEPKa 3HAHWM, YMEHHUH U HaBBIKOB,
nproOpeTEHHBIX 00YUYAIOMIMMUCS Ha MPAKTHYECKUX 3aHATHAX W JabopaTopHbIX padorax. [Ipu
BBINOJIHEHUH J1TAOOPAaTOPHBIX pabOT NMPUMEHSETCS CHUCTeMa OLIEHKU «3auYTE€HO — HE 3auTeHO».
KomnyectBo mabopaTtopHbix paboT Mo KaKAOMY MOJIYJIO ONpPENEeNeHO Y4eOHBIM rpadukom u
y4€OHBIM IIJIAHOM.

Ha mpakTryeckux 3aHsITHAX JOITyCKAETCsl MCIOIB30BaHMUE JINOO CUCTEMBI «3a4TE€HO — HE
3a4TE€HO», INOO PEHTHUHIOBOI CUCTEMBI OLIEHKH, IPU KOTOPO, HallpuMep, MPaBUIIbHO peIlIeHHAs
3aada OIICHWBACTCS OMNpPEIeNICHHBIM Koin4decTBOM OamnoB. [Ipu molsTarmHOM BBITIOJTHEHUH
yuyeOHOro miaHa Oaybl CyMMHUPYHOTCS. [10OKUTETbHBIM MTOrOM BBIOJHEHUS MPOrPaMMbl
SBJISIETCSI OTIPEJICNICHHOE KOJMUECTBO HAOPaHHBIX OAJIIOB.

IIpoMexyTOUHBIN KOHTPOJIb 110 JUCLUUIUIMHE OCYILECTBIISAETCS IPOBEICHUEM 3a4eTa.

®opma npoBeieHNs 3aU€Ta — YCTHBIN OTBET 10 TECTOBBIM OmiIeTaM, COPMYITMPOBAHHBIM
C y4eToM coJepXkaHus y4eOHOW AuCHUIUIMHBL. B mporecce MOATOTOBKUM K YCTHOMY OTBETY
9K3aMEHYEMBIH MOXET COCTaBUTh B NMUCHbMEHHOM BHE IUIAH OTBETA, BKIIOYAIONIUI B ceOs
olpesieNieHus], BbIBOJBI (hOpMyJ, pUCYHKH U T.N. PemieHue 3ajgaum Taxke NpeAOCTaBIsAETCS B
MUCbMEHHOM BHJIE.

HacnopT OLCHOYHBIX MATCPHAJIOB 110 JTUCHUIIJIHHE

Ne Kontponmpyemsie pa3aeibl Koz xonTponmmpyemon Bun, meron, popma
/1t (TeMbI) AUCITUTUTHHBI KOMITETCHIINH (MUK €€ OLIEHOYHOT'O
YaCTH) MEpPONPUITHS
1 2 3 4

1 Baenenue B g poByto 06paboTKy
curHayioB. CUTHAJIBI M X
npeo6pa3oBaHus Ipu HUPPOBOIL TK-3.2 3aqer
o0OpaboTke

2 MaremaTnueckoe ONnrcaHue u
XapPaKTEPUCTUKU TUCKPETHBIX IK-3.2 3a4ueT
CHCTEM

3 XapakTepUCTUKU U CTPYKTYPBI K32 saueT
UG POBHIX DUIHTPOB




4 Cunte3 nudpoBbIX GUIBTPOB IO

3aJaHHON YaCTOTHOMI I1IK-3.2 3a4eT
XapaKTEPUCTHKE

5
CHHTE3 HEpEeKYPCHBHBIX (HIBTPOB
1o 3aJJaHHOU 9aCTOTHOM K-3.2 3a4er
XapaKTEPUCTHKE

IIIxaja oueHUBAHUSA KOMIIETEHIUI (pe3yJIbTaTOB)

1) YpoBeHb ycBOeHUs MaTepualia, IpeayCMOTPEHHOTO TPOrpaMMON.

2) YMeHue aHaJIM3UpOoBaTh MaTepuall, yCTAHABIMBATh IPUYUHHO-CIIEJCTBEHHBIE CBA3H.

3) KadecTBO OoTBeTa Ha BOMPOCHI: MOTHOTA, APTYMEHTHPOBAHHOCTH, YOEK/IEHHOCTH,
JIOTUYHOCTb.

4) ConepxaTesibHasi CTOPOHA U KAYECTBO MATEPUAJIOB, MPUBEICHHBIX B OTYETAX
CTYZEHTA 110 JJAOOPaTOPHBIM paboTaM, NPAKTUYECKUM 3aHATHSIM.

5) Mcrionb30BaHME TOTIOTHATEIBHOM JINTEPATYPHI P MOJTOTOBKE OTBETOB.

VYpoBeHb OCBOEHHUSI C(HOPMHPOBAHHOCTU 3HAHUM, YMEHHMH U HaBBIKOB IO JUCLHUIUIMHE
OLICHUBAETCA B (DOPME OLICHKH «3aYTEHO» WJIU «HE 3aYTCHO».

Onenka  «3a4TeHO»  BBICTABISIETCA  CTYACHTY, KOTOPBIA  IIPOYHO  YCBOMII
IPEyCMOTPEHHBII MPOrpaMMHBIM MaTepuai; MpaBWIbHO, apryMEHTHUPOBAHO OTBETHJI Ha BCe
BONPOCHI, C TpPHUBEJAECHUEM IMPHUMEPOB; IOKa3al TIIyOOKHE CHCTEMaTH3MpPOBAHHBIE 3HAHMS,
BJIQ/ICET NMPUEMAMH PACCYXkJICHUS U COMOCTABIISIET MaTepual U3 Pa3HbIX UCTOYHHKOB: TEOPUIO
CBSI3bIBACT C MPAKTUKOM, IPYIrMMU TeMaMH JaHHOTO Kypca, APYTUX M3ydaeMbIX MpeIMeToB; 0e3
OIIMOOK BBIMIOJIHWJ MPAKTUYECKOE 3a/1aHuE.

OO0s3aTenbHBIM YCIIOBHEM BBICTABIICHHOM OILIEHKH SIBJISIETCS MPaBUIIbHAS pedb B OBICTPOM
WIA YMEPEHHOM TeMmIe. J[OMONHUTENbHBIM YCIOBUEM IOJIyYEHHs] OLEHKH «3a4TE€HO» MOTYT
CTaTh XOpPOIIME YCIEXH TMPH BBHIOJHEHUH CAMOCTOSATEIIBHOW W KOHTPOJBHOH pPabOTHI,
cUcTeMaTHyecKasl aKTUBHas paboTa Ha CEMUHAPCKUX 3aHITHUSAX.

Onenka «He 3a4TeHO» BBICTABIIAETCA CTYIEHTY, KOTOpbli He chopasuwici ¢ 50%
BOIIPOCOB U 33J]aHUI OMIIETa, B OTBETAX HA JIPyr'He BOIPOCHI JOIYCTHII CYLECTBEHHbIEC OIIMOKH.
He wMoxeT oTBeTUTH Ha JOINOJHUTENBHBIE BOIPOCHI, IPENJIOKEHHBIE IPENOAABATEIEM.
[leslocTHOrO MNpencTaBIeHUs] O B3aUMOCBS35X, KOMIIOHEHTAaX, JTalax pa3BUTHUS KYJIbTYpbl Y
cTyjaeHTa HeT. OLieHMBaeTCsl KaueCTBO YCTHOW M NHMCBMEHHOM peud, KaKk M IPH BBICTaBJICHUU
IOJIOKUTEILHON OLIEHKH.

TunoBbie KOHTPOJIbHBIE 32/IaHUS MU HHbIE MATEPHAJIbI
Bonpocsl Kk npoMeKyTOYHOM aTTecTAlUH (324€TY)

1. OOmas cTpykTypa cucteMbl HU(pPOBOl 00pabOTKH CUTHAIOB

2.  MaremaTtuyeckre MOAETH AUCKPETHBIX CUTHAIOB

3. ChexTp IUCKPETHOTO CHTHaJIa; CBA3b MEXy CHEKTPaMHU TUCKPETHOTO U aHAJIOTOBOTO
CHT'HAJIOB

4.  Jluckperu3alys aHAIOTOBBIX CUTHAJIOB C (DMHUTHBIM CHEKTpOM. Teopema OTCUEeTOB.
XapaKTepUCTUKU UI€ATBHOTO (PUIbTPa HUKHUX YACTOT.

5. Jluckperusanys aHAJOTOBBIX CHTHAJIOB C HEOTPAHWYECHHBIM IO YAaCTOTE CHEKTPOM.
SIBneHue MOAMEHBI YaCTOT NP IUCKPETU3ALUT
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6.  KBaHrToBaHue curHajios 1o ypoBHI0. lITymMbl KBaHTOBaHUS

7.  LudpoBoe KOAMPOBAHNE CUTHAJIOB

8. Meroapl MaTEMaTUYECKOIO ONMMCAHUS JTUHEHHBIX JTUCKPETHBIX CUCTEM BO BPEMEHHOMU
o0acT, pa3HOCTHBIE ypaBHEHUs. PekypcuBHBIC 1 HEPEKYPCUBHBIEC (DMITBTPHI

9. HwmnynbscHas xapaktepuctuka h(n). uckpetHas BpemenHas cBepTka. Ludpossie
¢uneTpsl BUX- n KUX-Tuna.

10. CrpykTypHBIE CXEMBl HEPEKYPCHUBHBIX M pEKypcuBHBIX ¢uibTpoB. Ilpsmas wu
KaHOHWYECKast (POPMBI peaTn3aliyH.

11. Mertoapl MaTeMaTHMYECKOrO0 OMNMCAHUS JUCKPETHBIX CHUTHAJIOB HAa KOMIUIEKCHOM
MJIOCKOCTH. Z-TIpeo0pa3oBaHKne, OCHOBHBIE CBOMCTRBA.

12.  Z- u ®ypbe-00pa3bl TECTOBBIX MTOCIEA0BATEILHOCTEN TUCKPETHBIX CUCTEM.

13. IlepenatouHast (GyHKIUS M 4YaCTOTHAs XapaKTEPUCTHUKa TUCKPETHOW cucTembl. CBA3b
mexay H(z) u h(n)

14. YacTtoTHast XapaKTEepHUCTHKA TUCKPETHON cHCTEeMBI, CBsi3b Mexay H(z) u H(jw). AUX u
®OUX nuckpeTHbIx cucTteM. HopmMupoBaHHas Mo 4aCTOTE YacTOTHAs XapakTepuctuka. CBOMCTBO
MEPUOTUIHOCTH.

15. Tlepenatounsie ¢pynkuuu pekypcuBHbIX (BUX) dunbrpoB. Cesa3p H(z) u ctpykTypHO#t
CXEMOM peKypCUBHOTO (prIIbTpa.

16. Hymu u momroca mepenatouHoi ¢ynkimu, Hynb-nomtocHas ¢opma mnepeaaTouyHoOn
(YHKINU pEeKypCUBHBIX (PUIBTPOB.

17. Tlepenatounsie ¢pynkuuu pexkypcuBHbIX (BUX) ¢punbrpoB Kpurepuii ycroitunBocTu.

18. YactorHpie xapaktepuctuku pekypcuBHbXx (BUX) dunstpoB. Kaprtuna Hyneit wu
nmojirocoB L{D.

19. TlapamnenpHas W moclenoBarenbHas (KackaaHasi) (GOpMBI peanu3alliid PeKypCHUBHBIX
¢GuIbTPOB

20. BUX-punbTpel 1-ro mOpsimKa: OCHOBHBIE XapaKTEpPUCTHKH U cBoiictBa (AUX,
UMITYJIbCHAS U MepeXoHasi XapaKTePUCTUKH).

21. BUX-bunbTpbl 2-rOo mNOpsAAKa: OCHOBHBIE XapaKTEPUCTUKM M cBoicTBa. (AUX,
UMIYJbCHAS U MEpPEeXO/iHas XapaKTePUCTUKH). XapaKTEpUCTUKU (UIbTPA MPU IEHCTBUTEIBHbIX
Y KOMILIEKCHO-COIPSKEHHBIX MOJII0CAX.

22. bukBaapaTHBIN QUIBTP BTOPOTO MOPSAIKA: OCHOBHBIE XapaKTEPUCTUKU U CBOMCTBA.

23. Hepekypcunbie (KUX-) GunbTpbl: OCHOBHBIE XapaKTEPUCTUKH U CBOMCTBA.

24. KUX-bunbtp 1-rO mopsika: OCHOBHBIC XapaKTEPUCTUKH U CBOMCTBA.

25. KUX-¢punbtp 2-ro nopsiika: OCHOBHBIE XapaKTEPUCTUKU M CBOUCTBA.

26. OOmas meronuka cunte3a PO o aHamoroBoMy npoTOTHITY

27. Meron bunmaeiiHOTO peodpazosanws (IIpocToe OunmHEtHOE MPeodpazoBaHE)

28. Cunre3 KUX-punbTpoB MeToAoM BecoBbIX (GyHKuuid. Metoauka cuHTeza KUX-
(GuUIBTPOB METOAOM BECOBBIX QPYHKIMHA. D-pakrop

29. Cunre3 KUX-punbTpoB MeTo10M BeCcOBBIX GyHKIMMA. DPdext ['ndoca

30. Cunre3 KUX-punbTpoB MeTO10M BecOBBIX (PyHKIUH. [IpssMoyTOIpHOE OKHO

31. Cunre3 KUX-bunbTpoB MeTo10M BeCOBBIX QYHKIUH. TpeyroibHOE OKHO

32. Cunre3 KUX-punbTpoB MeTo10M BecOBbIX (yHKIUH. O000IIEHHOE KOCHHYCHOE OKHO.
CeMelicTBO KOCUHYCHBIX OKOH.

33. Cunre3 KUX-punstpoB MeToom BecoBbixX GyHKni. Becossie pynkmn Kaiizepa.

34. CuHTe3 HEpeKYPCHBHBIX (PHIBTPOB METOJAOM YaCTOTHOM BHIOOPKH



35. Meron uudpoBoii pUIbTpAIIK HA OCHOBE IUCKPETHOTO MpeodpazoBanust Oypre

36. AnroputM mudpoBOil (UIBTPAIMU KOHEYHBIX IOCIIEOBATEILHOCTE  HAa OCHOBE
JMCKpETHOTo peodpazoBanust Oypne

37. UwucneHHbIE METO/bI CHHTE3a IIU(PPOBBIX (PHIBTPOB

38. Cwunres ontuManbHBIX KUX-OUIBTPOB YHCICHHBIM METOI0M, OJTUHOMBI UeObIeBa

Ili1aH npakTHYeCKUX 3aHATHH
JMcKpeTHbIE CUTHAJIBI.
JuckpetrHoe npeodpazoBanue Oypbe.
JIuCKpeTHbIE CHCTEMBI.
XapakTepUCTUKU U CTPYKTYPHI HUPPOBLIX HUIETPOB

AW~

Tunossble 321241 VI NPAKTHYCCKUX 3aHATHI

Tema 1. «/IuckpeTHbIE CUTHAJIBD).
1.1. 3anucaTh MaTEMaTUYECKOE BBIPAKEHHUE TUCKPETHOI'O CUTHAIA JIJISl 33JITaHHOTO aHAJIOTOBOTO
MIPOTOTUIIA KAK:
— ()YHKLHUIO TUCKPETHOTO BPEMEHH;
— (yHKIIMIO HOMEpa BIOOPKH;
— ()YHKLHUIO HETIPEPHIBHOTO BPEMEHH.
1.2. . 3anucaTh MaTEMaTUYECKOE BBIPAXKEHUE TUIIOBBIX TUCKPETHBIX CUTHAJIOB!
JUISl 3a/IaHHOT'O aHAJIOTOBOTO NIPOTOTUIA KaK:
- €IMHUYHBII UMITYJIbC;
- €IUHUYHBIM CKAUYOK;
- IUCKPETHAsI SKCIIOHEHTA,
- IUCKPETHBIA TapMOHUYECKUN CUTHA;
- IUCKPETHBIN KOMIUIEKCHBIN TapMOHUYECKUI CUTHAIIL.
1.3.3anucare MaTEMATUYECKOE BBIPAKEHUE 3aJaHHOTO NPSIMOYIOJBHOTO  JHUCKPETHOTO
HMITYJIbCA Yepes:
- pyHKIMM € TMHUYHBIX UMITYJIECOB;
- (YHKIIUY €AMHUYHOTO CKavKa.
1.4.Haiitn Z-nipeobpa3zoBaHue TUCKPETHON SKCIMOHEHTHI. [loka3zaTh CBS3b MEXIY MOIIOCOM Zp
Ha Z-TUIOCKOCTH U TPapUKOM AUCKPETHOM SKCIIOHEHTHI.
1.5.Haiitn Z-npeoOpa3oBaHue 3aTyXaroIIed IUCKPETHON KOCHHYCOWbl. IlokazaTh CBS3b
MEX]y MOJIIOCAMH Zp] 2 Ha Z-TUIOCKOCTH U IpaMKOM JUCKPETHON KOCHHYCOH/IBI.
1.6. HaiiTh cieKTp TUIIOBBIX AUCKPETHBIX CUTHAJIOB:
- €IMHUYHBIN UMITYJIbC;
- €IMHUYHBIA CKAYOK;
- TUCKPETHAsI SKCIIOHEHTA,
- IUCKPETHAsI KOMIUIEKCHAs SKCIIOHEHTA
- IUCKPETHBIN FrapMOHUYECKUN CUTHA;
- IUCKPETHBIN KOMIUIEKCHBI TaPMOHUYECKUI CUTHAL.
1.7.. HailTu ciekTp 3a1aHHOTO NMPSMOYTOJIBHO JUCKPETHOTO UMITYJIbCA

Tema 2. «/IluckperHnoe npeodpazoBanue @ypner».

2.1. VuureiBasg ycClIOBHE IEPUOJAUYHOCTH JAUCKPETHOIO CHUTHAJNA OIPENEINUTh  YCIOBUE
MEPUOJUYHOCTH JTUCKPETHON CUHYCOU/IBI.

2.2. VYuutbiBasg yCIOBUE TNEPUOJAMYHOCTA AUCKPETHOTO CHUTHAJIa OMNPEICIIUTh YCJIOBHE
MEPUOTUYHOCTH TUCKPETHOW KOMIUIEKCHOM SKCTIOHCHITMAIBHON TTOCIIEI0BATEILHOCTH.
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2.3. Ilyctpb x(n) — N-ToUeuyHas BEIICCTBEHHAs MOCIEAOBATEIBHOCTh. J[0Ka3aTh, 4YTO MOIYJb €€
JII® oyner wernout ynkimen nepemennon k: IX(K)I=IX(-K)I; IX(k)I=IX(N-k)I, a aprymeHT
—HeueTHbIN: arg{X(k)} = - arg{X(-k)}; arg{X(k)} = - arg{X(N-k)}.
2.4. MNycTb x(n) — N-ToueuHast BEIECTBEHHAS MMOCIECIOBATEILHOCTD, ISl KOTOPOH BBITIOIHACTCS
ycioBue cummerpuu X(n)=x(N-n). Jloka3ats, uto 1D Takxe OyJeT BemEeCTBEHHBIM.
2.5. Haiitu ITI® N-toueunoii nocienosarenbaoct (N- uetno): x(n) = &(n).
2.6. Haiitu JITI® N-toueuHoi nocienoBaTenbHOCTH (N- 4eTHO):
x(n) =8(n—my,),0 <ny, <N — 1.

2.7. Haiitu JITI® N-Toueunoii nocienoparensroctd (N-uetHo): x(n) = f.m —HeTHo,

o Y W0 — HedYeTHO

ah0<n<N-—1,

2.8.. Haittu JII1® N-Toueunoit nocinenosarensHoctu (N-ueTHo): x(n) = { 0 Hase

2.9. .. Haiitu AT1® N-tovyeunou nocienoBaTeabHOCTH (N-4ETHO):
(LO<n<N/2-1,
in)=41 & . .
\:I LG,T{_«R{_«:\"—I

2/10/ .. Haittu JJI1® kOMILIEKCHOM TTOCIEA0BATCILHOCTH:

r . E'-.IUJDH_. 'D E 1 :_:’ _‘n"r — l_,

x(n) = .

0, HHa4e

Haiitn K03 PHUIIHEHTHI 1D 3TOMN [10CIEA0BATEILHOCTH TS ciydas

e [
_ =T

wy =

,rge k, — Uenoe 4uCIC

2.11. Haittu AI1® auckpetHoii nociaenosarensHoctu x(n)=[1, 2, 2, 1].

- -

2.12. HaifTi IHCKPETHYIO MOCIeI0BaTeabHOCTh, JAIID kotopoit X (k) = (4,2 +,1,2e+ )

Tema 3. «/IuckpeTHbIe CHCTEMBD).

3.1. Ucnonb3ys JIBC BBMHMCINTG PEAKLMIO HEPEKYPCUBHOW JIMHEHMHON JUCKPETHOM CUCTEMBI
(pu HyJIEBBIX HauyaJIbHBIX YCIOBHSX) IO 33JJaHHBIM MMITYJIbCHON XapaKTEPUCTHUKE U BXOJAHOM
BO3JcHICTBUH.

3.2. Ilo 3agaHHOMY pa3HOCTHOMY YPaBHEHHUIO BBIYMCIUTh HMIYJIbCHYIO XapaKTEPUCTUKY
HEPEKYPCUBHOM JINHEWHON JUCKPETHON CUCTEMBI.

3.3. Ilo 3agaHHOMY pPa3HOCTHOMY YPaBHEHHUIO BBIYHCIUTH MEPEXOHYI0 XapaKTEPUCTHUKY
HEPEKYPCUBHOMN JIMHEWUHOU TUCKPETHON CUCTEMBI.

3.4. Ilo 3agaHHOMY Pa3HOCTHOMY YPAaBHEHHUIO BBIYUCIUTH PEAKIINIO HEPEKYPCUBHOM JIMHEITHOM
JUCKPETHOM CUCTEMBI Ha 33JaHHOE BXOJAHOE BO3/ICHCTBHE.

3.5. BrluuciIuTh UMIYJIbCHYIO XapaKTEPUCTUKY PEKYPCUBHON JTMHEHHON TUCKPETHOW CUCTEMBI
MEepBOTO NOpsJIKa.

3.6. Ilo 3agaHHOMY pPa3HOCTHOMY YPAaBHEHHUIO BBIYHCIUTH MEPEXOJHYIO XapaKTEPUCTHUKY
PEKYpPCUBHOM JIMHEWHOW TUCKPETHON CUCTEMBI.

3.7. Ilo 3amaHHOMY Pa3HOCTHOMY YPaBHEHHUIO BBIYHCIUTH PEAKIIUI0 PEKYPCUBHOM JIMHEWHOU
JUCKPETHOM CUCTEMBI HA 33JaHHOE BXOJAHOE BO3/ICHCTBHE.

3.8. Ompenenurb yCTOMYMBOCTh PEKYPCUBHOM JIMHEWHOW AMCKPETHOM CHUCTEMBI, UMITYJIbCHAS
a®,n = 0;

0, n<0.

3.9. 1o 3amaHHBIM MEpeNaTOYHBIM QYHKIUAM 1-ro (2-r0) mopsiaKa ONpeaeIuTh YyCTOWYNBOCTh
PEKYPCUBHBIX JINHEWHBIX TUCKPETHBIX CUCTEM.

3.10. TIlo 3amanHBIM TmIepeAaTOyHbIM  GyHKOHSIM 1-ro  (2-T0) TOpsaKa  3amucaTth
COOTBETCTBYIOIIUE PA3HOCTHBIE YPAaBHEHHUs, OIPEICIUTh HMITYJIbCHbIE XapaKTEPUCTUKUA U
COCTaBUTb CTPYKTYPHBIE CXEMbI COOTBETCTBYIOIINX JTUHEHHBIX JUCKPETHBIX CUCTEM.

XapakTepUCTHKa KOTOPOl uMeeT BUm:h{n) =
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3.11. Ilo 3amaHHON CTPYKTYpHOM CXE€ME COCTaBUTh PAa3HOCTHOE YpPAaBHEHHUE U 3aIlUCaTh
nepeaaTouHyo QyHKIHIO.

3.12. Ilo 3amanHO# mMIyJbCHOW Xapaktepuctuke (a) -  h(n) = (1, -1); 6) — h(n) = 0,2")
COCTaBHUTbH CTPYKTYPHYIO CXEMY M HAWTH NIepeIaTOYHYI0 (PYHKIIHIO.

Tema 4. «XapaKTepHCTHKH M CTPYKTYPbI HH(PPOBBIX (PHILTPOBY»

4.1.

4.2.

4.3.

4.4.

[Tpu 3agannbIX MapamMeTpoB (a u b) mepenaToyHON QyHKIIUN PEKypCHBHOTO GuiIbTpa 1-ro
HOpsIIKa
H(z) = —— emonsurs:

(2) 1-bz~1

- COCTaBUTb CTPYKTYpHY10 cxemy LI® (nmpsimMast u kaHOHHYecKast (POPMBbI);

- 3aMMcaTh pa3HOCTHOE YPaBHEHUE;

- OMNpeNeuTh IOJIOKEHUE IOJIICOB HAa Z-IUIOCKOCTH U CcIeNnaTh 3akKI4eHue o0
YCTOMUMBOCTH PUIIBTPA;

- 3amucaTh BBIPAXKEHUE I KOMIUIEKCHOM 4aCTOTHON XapaKTepUCTUKH (UIbTPA;

- TOJYYUTh BBIPAXKEHHE U TMOCTPOUTH  AMIUIUTYAHO-YAaCTOTHYI0 U (DaxoyaCTOTHYIO
xapakrepuctuku L{D;

- IOJIYYUTh BBIPAXKEHHUE U TOCTPOUTH UMITYJIbCHYIO XapakTepucTuky LId;

- IOJIyYUTh BBIPA)KEHHUE U IOCTPOUTD MEPEXOJHYIO XapakTepucTuKy LId;

- ucnonb3ys pasHoctHoe ypaBHeHue D wnmm JIBC BBIYUCINTH 3HAYEHHS OTCUETOB y(n)
npu nojaue Ha Bxoj L{® 3a1anHON AUCKPETHOI MMOCIe10BaTeIbHOCTH X(1).

[Ipu 3aanHBIX MapamMeTpoB (a, by u by) nepenarounoil pyHKUKMN peKypcUBHOIO (GUiIbTpa 2-
ro nopsiaka

a
H(z) = ——————; semonsuts:
1_5‘13 —.5'22 =

- COCTaBUTb CTPYKTYpHYI0 cxeMy L@ (mpsimast u kaHoHU4YecKasi (popMbl);

- 3aIIMCaTh Pa3HOCTHOE YPAaBHEHUE;

- ONpENeNUTh IOJOKEHUE IOJNIOCOB Ha Z-TNIOCKOCTH M CHeNaTh 3akKioyeHue o0
YCTOWYMBOCTH PUIIBTPA;

- TIO TTOJIOYKEHHUIO TOJIF0COB Ha Z-TUIOCKOCTH onpeaenuTs Tyl punbtpa (PHY, ®BY, 1D
unu P®);

- 3aMKcaTh BHIPAKEHUE ISl KOMIUIEKCHON YaCTOTHOM XapaKTEPUCTUKU (PUIIBTPA;

- TOJYYHUTh BBIPAXKCHHE U IOCTPOUTH  AMIUTUTYJAHO-YaCTOTHYIO U (PaxodacTOTHYIO
xapaktepucTuku L{D;

- mpeoOpaszoBarh nepenatounyr Gynkmuo D B mapamnensayto Gopmy. CocTaBUTH
CTPYKTYPHYIO cXemy pekypcuBHOTO LD 2-ro mopsiaka B mapamuienbHol hopme;

- mpeobpa3oBaTh nepeAarounyto ¢pynkiuio [{® B mocnenoBatenbuyio hopmy. CocTaBUTh
CTPYKTYpHYIO cxemy pekypcuBHoro L{® 2-ro nopsiaka B kackagaHou Gopme;

- IOJIYYUTh BBIPAXKEHUE U IOCTPOUTH UMITYJIBCHYIO XapakTepuctuky LdD;

- IOJIYYUThb BBIPAXKEHHE U TOCTPOUTD MEPEXOHYIO XapakTepucTuky LdD;

- ucnonb3ys pasHoctHoe ypaBHeHue LD wnu JIBC BBIYMCIUTD 3HAYEHUS OTCUETOB Y(n)
pu nojiaye Ha BXoJ LD 3amanHON AUCKPETHOM MOCIEI0BATEILHOCTH X(N).

[Tpu 3a1aHHBIX 3HAYCHUAX TIOTIOCOB (Zp1 U Zp2) U KO3 PUIIMEHTA & TePeJaTOUHON QyHKINN
PEKYypCHUBHOTO GUIbTpa 2-r0 HopsaKa

H(z) = -

P orpenenuTh K03 HUIIMEHTHI epeaaTouHoi GyHKIH by u b u

BBITIOJIHUTD 3aJIaHus 110 1. 4.2.
[Ipu 3amanHBIX MapaMeTpoB (ai, a2 ,bi W by) mepemarodHo (PYHKIIMH OMKBAIPATHOTO
¢uibTpa

-0

1+a,2 t4a,z °
H(z) =— —, . __- BBITIOJTHUTE:
1—5'1;." —D:: =

- COCTaBUTbH CTPYKTYpHY10 cxemy LI® (nmpsimast u kaHoHWYecKast (POPMBI);



- 3aIMcaTh Pa3sHOCTHOE YPaBHEHHUE;
- ONPEICTUTH MOJIOKEHHUE HYJICH 1 TOII0COB Ha Z-TNIOCKOCTH U CIIENaTh 3aKIIYeHue 00
yCTOHMUMBOCTU QUIIBTPA;

- 3aMMcaTh BbIpAKEHUE JIsI KOMIUIEKCHON YaCTOTHOM XapaKTEepUCTUKU (PUIIBTPA;

- TOJYYUTb BBIPpAXXCHUC U IMOCTPOUTH

xapakrepuctuku L{D;
- IIOJIYy4YUTh BBIPAKEHUE JJI UMITYJIbCHOU XapakTepucTuku LIdD;

Ilepeyens J1abopaTopHBIX pa0OT M BOIIPOCOB /151 KOHTPOJIS

AMIUIUTYJHO-YaCTOTHYIO U (l)aXOLIaCTOTHyIO

Ne .
paBoTEL Hazpanue nabopatopHoil paboTh U BOIIPOCHI JIJIs1 KOHTPOJIS Mudp
1 JluckpeTHbIe CUTHAJIbI

1. Kakue npeobpa3zoBaHuss UMEIOT MECTO Tpu HMUPPOBO 00paboOTKe
CUTHAJIOB?

2. Yro  Takoe  JOUCKPETHBIN CUTHAJI ¥ JUCKpEeTHas
[I0CJIEI0BATEILHOCTE ?

3. KaxoBa nmpuposa pasMHOKEHUS CIIEKTPOB MPU IUCKPETH3ALUU
CHUTHAJIOB I10 BpeMeHu?

4. B uem 3akimo4alOTCsd B3aUMOCBSA3b U OTIMYUE CIIEKTPOB
JUCKPETHOTO ¥ aHAJIOTOBOTO CUTHAJIOB?

5. Kak mo u3BEeCTHOMY CHEKTPY aHAJOTOBOI0 CUTHajla ONPENEIIUTh
CIIEKTP COOTBETCTBYIOLIETO €My JMCKPETHOTO CUrHaja’?

6. B uem 3akmodaercss SBICHHE HAJOXKEHHUSA CIEKTPOB IIpPH
JUCKpPETHU3al[ui CUTHAJIOB?

7. MO>HO JIA 110 U3BECTHOMY CIIEKTPY AUCKPETHOI'O CUTHAJIa HAUTH
CIIEKTP COOTBETCTBYIOLIETO €My aHAJIOIOBOT'O CUrHaja? 5417

8. M3 kakux YCIOBHM BBIOMpaeTcss YacToTa JUCKPETH3aLUU
AHAJIOTOBBIX CUTHAJIOB?

9. KakoBa wmaremaruueckas MOJIeb KBAHTOBAaHUS CHUTHajla IO
YpOBHIO?

10. Kak omnpenensiercs NOTPEIIHOCTh KBAHTOBAHUS JUCKPETHOIO
KBaHTOBAaHHOT'O CUTHaJIA?

11. Kak ocymiectsisiercs: uupoBoe KOAUPOBAaHHE CUT'HAA?

12. Kak omnpenensercs TMOTPENIHOCT, KBAaHTOBAHHS HH(POBOTO
curHana?

13. VI3 kakux ycinoBHil BRIOUpaeTcs HeoOxoaumast paspsiaHoctb ALTT?

14. Kak ompenenstorcss — aBTOKOPPESIIMOHHAs — (QYHKIHMS U
CIIEKTpasbHasl MUIOTHOCTh IIyMa KBaHTOBaHust ALITI?

15. Ilpm kakoM YyCIOBHMM UIHM(PPOBOM H IUCKPETHBIH CUTHAIIBI
MaTE€MaTUYECKH aJICKBAaTHBI?

2 PexypcuBHbIe pUIBTPBI

1. 3anummre paszHoctHoe ypaBHeHue 1t BUX-¢punsTpos.

2. N306pa3zute cTpykTypHyIo cxemy bBUX-dunbrpa.

3. Kak naxomutcs nepenatounas ¢pyHkuuss PO mo ero pazHOCTHOMY
YPaBHEHHIO? 5417

4.Yro Takoe HYJH U TOJIOCA TepenaToyHor (QpyHKuuu? YcaoBus
ycToiunBocTH prsibTpa’?

5. Kakoii B uMeeT HOJb-TI0JIFOCHast popMa nepenaTouyHol PyHKIUN
P® u kakoBO €€ MpaKTU4YECKOe 3HAaYEHUE?
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6. Kak mosyuuTh 4acTOTHYIO XapaktepucTuky bUX-duibprpa mo ero
nepeaaTouHon GyHKIMn?

7. ®opmel peanuzanuu PO (psimast 1 KaHOHUYECKas ).

8. AHanu3 yacToTHBIX Xapakrepuctuk bBUX-¢punbrpa 1-ro nopsnaka.

9.Ilonyunts BbIpaXEHUE ISl UMITYJIbCHOM XapakTepucTuku bUX-
¢unbTpa 1-ro mopsaka.

10. ITonmyuuTh BBIpa)K€HUE IS MEPEXOJHOM XapakTepuctukun bUX-
¢unbTpa 1-ro mopsaaka.

11. AHanu3 4acTOTHBIX XapakTepucTuk BUX-dumbrpa 2-TO mopsaka
IIPU BEIIECTBEHHBIX MOTIOCAX MEPEeIaTOUHON (DyHKIINU.

12. AHanu3 4acTOTHBIX XapakTepucTuk BUX-dumbrpa 2-To mopsaka
MIPU KOMIUIEKCHO-COTIPSDKEHHBIX MOTIOCaX MepelaTouHOn QyHKINU.

13. Kakx ompenensiercss TpeyroiabHuk yctowunBoctn BUX-dpunbTpa
2-ro nopsaka?

14. CpoiicTBa uMIyJIbCHOM XxapaktepucTuku BUX-pumbrpa 2-r0
MOpsI/IKa MPU BEIIECTBEHHBIX U KOMILJIEKCHO-COMPSIKEHHBIX MOJI0CAX.

15. Yro moka3piBaeT amarpamma xapaktepuctuk bBUX-dunstpa 2-ro
nopsiaka’?

HepekypcuHbie pUIABTPHI

1. KakoBa cTpyKkTypa HepeKypcuBHOro (puiabTpa Ha ocHoBe JIBC?

2. KakoBo yciioBHe JTUHEHHOCTH (a309acCTOTHON XapaKTEPUCTUKHU
HEepeKypCUBHOTO MiIbTpa?

3. Kak aHamuTUYeCKW HAWTH OTKIWMK HEPEKYPCHUBHOTO (hUIBTpa HA
3a/laHHOE BXOJIHOE BO3/1elcTBHE?

4. Kak  aHaIUTHYECKH  HAWUTH  WMIYJIbCHYIO  (IIEPEXOIHYIO)
XapaKTePUCTHKY HEPEKypCUBHOTO (GMIIbTpa?

5. Kak HaiiTi nepeaatouHyro (pyHKIUIO0 HEpeKYpCUBHOTO (hUiIbTpa’?

6. Kak HallTh YacTOTHYIO XapaKTEpUCTHKY HEPEKYpCHUBHOIO
bunpTpa?

7. 1lpu Kakux YCIOBUSAX HEPEKYpPCHUBHAs LIETb IEPBOrO MOPSAKA
ABIseTCS GUIBTPOM HUKHHUX 4acTOT?

8. Ilpu Kakux YCIOBHMSX HEPEKYpPCHUBHAas LIENb MEPBOrO MOpsAIKa
aBiseTcss GUIBTPOM BEPXHHUX YacCTOT?

9. Ilpn Kakux yCIOBHSX HEPEKYpPCHBHasl LE€Nb BTOPOrO MOPSAIKA
ABIIseTCS GUIBTPOM HUKHUX 4acTOT?

10.Ilpn kakux yCIOBHSX HEPEKypCHBHasl LEIb BTOPOrO MOPSAIKa
aBIseTcs GUIBTPOM BEPXHHUX YacCTOT?

11.1lpn kakux yCIIOBUSIX HEPEKYpCHUBHas ILI€Tb BTOPOTO IMOpsIKa
SBIISIETCS TIOJIOCOBBIM (PHIIBTPOM?

12.1lpn Kakux yCIIOBUSIX HEPEKYpCHUBHas ILI€Tlb BTOPOTO IMOpsIKa
ABIISIETCS PEKEKTOPHBIM (PHIBTpOM?

13.Uro mokaszpiBaer jguarpamma xapaktepuctuk KUX-¢punbrpa
BTOPOTO Mopsiaka?

14.TTpu KakuX 3HAYCHHUAX BECOBBIX KOA(PPHUIIMEHTOB HEPEKYPCHUBHAS
[enb BTOPOTO MOPsI/IKa UMEET JIMHEHHYI0 (a30BYI0 XapaKTEPUCTUKY?

5417

bukBanpat HOE 3BE€HO

1. 3anummre pa3HOCTHOE YpaBHEHUE il OMKBAPaTHOTO 3BEHA.
2. H300pa3ute CTPyKTypHYIO CXeMy OMKBaJIpaTHOTO (UIbTpa IS
npsAMOi (KaHOHUYECKOI1) (hOPMBI €ro pearn3arim.

5417
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3. 3anumure nepenaTouyHyro GyHKINI0 OMKBAIPaTHOTO 3BEHA.
4. 3anumure BoipaxkeHus ;g AUX u @YX GukBaIpaTHOro 3BeHa.

5. Kakue 3HaueHuss MOryT @pUHUMAaTb HyIM U  TOJIIOCA
6ukBagpatHoro guibtpa npu peanuzanuun ®HY (OBY, [10, PD)?

6. MoHO 11 peain30BaTh NOJI0COBOU GUILTp NpH a; = b, = U7

7. 3anuimuTe nepeAaTouHyr (YHKIUI OWKBaJpaTHOTO 3BCHA B
HYJb-TIOJIIOCHOM (popme.

8. 3amummuTe 4aCTOTHYIO XapaKTepUCTUKY OMKBAJApaTHOTO 3BEHA MPU
KOMILJIEKCHO-CONPSKEHHBIX HYJISIX U MOJII0CAX B HYJIb-TIOJIIOCHOM (hopMme.

9. Kak HaxomuTcsl BbIpaXEHUE JUII UMITYJIbCHOM XapaKTEPUCTUKH
OMKBapaTHOTO 3BEHA?

10. Kak Haxonutcs nepenatounast pyukuus L{® npu kackaaHo# (uiau
napauiesbHON) popMe ero peanzanuu?

11. Kak HaxoauTCsi aHAJUTUYECKOE BBIPAXKEHUE ISl MUMITYJIbCHOU
xapakrepuctuku L1® npu mapamnensHOl hopMe ero peann3auu?

12. B 4yeMm cyTh rpadoaHaIUTHYECKOrO CII0coOa aHalIM3a YaCTOTHBIX
xapaktepuctuk L{D?

13. KakoBbl ycioBus peanu3anuu (a3oBoro 3B€Ha MepBoro mopsaka?

14. KakoBbl yciioBUs peanu3anuu (a30BOTro 3B€Ha BTOPOTO MopsiaKa?

M.

*®

10.

11

12.

13.

KoHTpoJibHBIC BONIPOCHI A1 OEHKH C(POPMHUPOBAHHOCTH KOMIICHTKIM I

OO6mas cTpyKTypa cucTeMbl MUPPOBOK 00PAOOTKH CUTHAIOB

JlMcKpeTH3anys aHaJI0TOBBIX CUTHAJIOB C (PMHUTHBIM CIIEKTPOM. TeopeMa OTCUETOB.

CHekTp JUCKPETHBIX CUTHAJIOB. CBOMCTBO MEPUOAUYHOCTH.

KBanToBanue curnanos mo ypoBHi. [Ilymbl KBaHTOBaHUS

MeTonpl MaTEMAaTHYECKOTO OMUCAHUS JUHEWHBIX IUCKPETHBIX CHCTEM BO BPEMEHHOMN
001aCcTH, Pa3HOCTHBIC YPAaBHEHHS.

CTpyKTypHBIE CXeMBI pEKYPCUBHBIX U HEPEKYPCUBHBIX GUIBTPOB. [IpsiMast 1 kaHOHUYECKasT
(hopMBI peanuzalum.

NwmmynbcHas xapaktepuctuka h(n) AuckpeTHsIx cucteM. JJuckpeTHast BpeMeHHas CBepTKa.
Hudpossie punbtpel BUX- u KUX-Tuna.

MeToapl MaTeMaTHYeCKOTO OIMCAHWS CHUTHAIOB IHCKPETHBIX CHCTEM Ha KOMIUIEKCHOW
IUIOCKOCTH. Z-TIpeoOpa3oBaHKue, OCHOBHBIE CBOMCTBA.

[lepenaTounas GyHkmus auckpetHor cucteMbl. CBs3b mexay H(z) m h(n). Kpurtepwuit
YCTOMYHUBOCTH.

. HacToTHas XxapakTepucTHKa JUCKPETHON cucTeMsl, cBsi3b Mexay H(z) u Hjw). AUX n ®UX

JIUCKPETHBIX cucTeM. CBOMCTBO MEPHOIUYHOCTH.

BUX-dunbTpsl 1-ro mopsiaka: OCHOBHBIE XapaKTEPUCTUKU U cBoiicTBa (AUX, uMmynbcHas U
NEPEXO0/IHAsl XapaKTEPUCTUKH).

BUX-dunpTpsl 2-r0 nopsiika: OCHOBHBIE XapaKTEPUCTUKU U cBoicTBa. (AUX, uMnynbcHas U
Mepexo/IHasl XapaKTEPUCTHKH ).
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14. KUX-puibTp 1-ro nmopsika: OCHOBHBIE XapaKTEPUCTHKH U CBOIMCTBA.

15. KUX-puibTp 2-T0 MopsaKa: OCHOBHBIE XapaKTEPUCTHKH U CBOMCTBA.

16. Cunre3 KUX-¢punprpoB MerogoM BecoBbix ¢(yHkumid. Meroauka cunteza KUX-punptpos
METOJIOM BECOBBIX (hYYHKITUH.

17. CuHTE3 HepeKypPCUBHBIX (PUIBTPOB METOIOM YACTOTHON BEIOOPKHU

18. Metoas! nudpoBoil puabTpaIii KOHEUHBIX MTOCIEI0BATEILHOCTEH Ha OCHOBE IUCKPETHOTO
npeoOpa3zoBanus Pypre

CocraBuin
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