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Pa6ora CTYAEHTA HA JICEKIIUU

B npouecce neKIMOHHOTO 3aHATHSA CTYAEHT JIOJDKEH BECTU KOHCIEKT U OTpa)kaTb B HEM
NPUHIUIHAIBHO Ba)KHBIE ONpeNieeHus, (OPMYIIbl, CTPYKTYPHBIE CXEMBbI, BBIBOJIBI, PE3YJIbTAThI

aHaJIN3a OCHOBHBIX ITOJIOKEHUI.

[Ipu BeneHUM KOHCIEKTa PEKOMEH]IYETCS MCIOJIb30BaTh HYMEpAILUIO pa3/elioB, TJiaB,
dbopmyn. PexkomeHmyeTcs KakAbId paslena 3aBepliaTh H3JI0KEHHEM CBOETO IOHUMAaHUA,
KOMMeHTapueM. HermoHsTHbIe MecTa MOXHO COIMPOBOXKAATh BOMPOCAMHU, C KOTOPBIMU CIIEAYET

O6paTI/ITBC$I K IIpCogaBaTeIIro MOCJIC JICKINU.

IloaroroBka K NPAKTHIECCKUM 3AHATUAM

IIpakTHueckue 3aHATHA CBA3aHbl C pEHIEHHEM 3aJad U 3aKpPEIUBIIOT OCBOCHME
JEKIIMOHHOTO MaTepuana. B mporecce pemeHust 3ajad CTYJIEHTHl PACIIUPSAIOT U YIITyOJsroT
3HAHMS, TOJTY4YEHHbIE W3 JIEKIIMOHHOTO Kypca M Y4YeOHMKOB, ydwaTcsl TInyO)e MOHMMATb
(u3nyecKkre 3aKOHBI, JIeXKallie B OCHOBE PAJUOTEXHUYECKUX CUCTEM M OCHOBHBIE (popMyibl. B
npolecce pelieHus 3a/ad BbIPaOaThIBAIOTCS HABBIKM BBIUMCIIEHHUH, pabOThI CO CIPaBOYHOM

JIUTEPATYPOM.

B wacel caMocToATEIbHOU pa6OTLI CTYACHTBI PCIIAOT 3aaa4du, KOTOPbBIMH UM

MPECAJIOKCHBI IO OCHOBHBIM TCMaM JUCHUIIJINHBI.

*  BHHMMATEJbHO IPOYMTAThH YCIOBHE 3a/]auu;

* IIOCMOTPETH, BCE JIM TEPMHUHBI B YCIOBHUSX 3aa4M M3BECTHBI U MOHATHBI (€CIU YTO-TO
HESICHO, CIIEAyeT 0OpaTUThCS K YUeOHHKY, TPOCMOTPETh PELICHUs MPEeabIIyINX 3ajad,
IIOCOBETOBATHCS C MPEMNOJIaBATEIEM);

* 3amHWcaTb B COKpPAalIeHHOM BHJIE YCIOBUE 3amaud U (QOpPMYJIbl, CBS3bIBAIOIINE
COOTBETCTBYIOIINE BEJINYNHBI,

*  czaenatb 4epTEK, €CIIU ATO HEOOXOIUMO;

* IPOBECTH HEOOXOJUMbIE PACUETHI;

* POAHAIM3UPOBATH TOJYYEHHBIH OTBET, BBIACHUTb COOTBETCTBHE pPa3MEPHOCTU
HOJIYYEHHBIX (U3UUECKUX BEIUYHH;

* KOHTpOJBbHBIE PalbOTHI C pELICHHE 3a/Jady CHAIOTCS MO TpaduKy Ha MPOBEPKY, NPHU

YCJIOBUH BBIIIOJITHCHUSA KOHTPOJbHBIX pa60T CTYACHT JOITyCKACTCAd K CIa4YC DK3aMCHaA.

HoaroroBka K J1a60paTOPHLIM padoTamM

I'maBHBIC 3agaun na6opaTopH0ro MMpaKTUKyMa CJICAYIOIHNC:



* HKCIEpUMEHTalbHas NPOBEpKa (PU3NUECKUX 3aKOHOB;
*  OCBOEGHHE METOJWKU U3MEPEHHUH U MPHOOpETEHNE HABBIKOB SKCIIEPHUMEHTA;
*  OCBOEHME HaBBIKOB pabOThI C paJOTEXHUYECKUMU IPUOOpaMu;
* npuoOpeTeHust yMeHUs: 00pabOTKHU pe3yIbTaTOB HIKCIIEPUMEHTA.
[Ipexne 4YeM MNPUCTYNMTh K BBINOJHEHHUIO J1a0OpaTOpHOM pPabOThl HEOOXOIUMO
BHUMATEIbHO O3HAKOMHUTCS C METOAMYCCKUMH YKa3aHUSIMU K BBIIOJHEHUIO J1a00OpaTOPHOM

paboTEHL.

OcHOBHasi 4acTb BpPEMEHH, BbIJCJIECHHAs Ha BbHIIOJHEHHE JaOOpPAaTOpHON padoThI,
3aTpayrBaETCA HAa CAaMOCTOSITENbHYIO MOATOTOBKY. DTaly BBIMOJIHEHUS pa0dOThl MpPEAIIECTBYET
«IoMyCcK K pabote». J[lomyckasch K nabopaTOpHON paboTe, KakIblid CTYICHT JIOJDKCH
MPEJICTAaBUTh TPETOAaBaTeNI0 «3ar0TOBKY» OTUYETa, COJAEpIKAIIyo: O(OPMICHHBIA THUTYIHHBIN
ucT (1o 00pasily, UMEIIIEMYCsl B JIA0OPATOPUH), TIe]Ib padOThI, TPUOOPHI U MPUHAIIICKHOCTH,
ACKH3 DJKCIEPUMEHTAIIBHOTO MaKeTa, OCHOBHBIC 3aKOHOMEPHOCTH H3yYaeMOTO SBJICHHS H
pacuetHble (Gopmyiibl. UTOOBI COKOHOMHUTH BpEMs TPU BBIMOJHEHHH PabOTHI, PEKOMEHIYETCS
3apaHee MOJrOTOBUTH M TAOJHILy JUIS 3alHCH PE3ylbTaTOB M3MEpeHuil. [ 3TOro cTyneHTy
HEOOXOMMO pa3o0paTbcss B YCTPOWMCTBE YCTAHOBKM WM MAaKeTa, TOPSAKE IPOBEICHUS
OKCIICPUMEHTOB, & TAK)XK€ HUMETh IPEJACTaBICHUE O TOM, KaKHe pacueThl HeoOXoawmo Oyjer

ITPOBCCTH.

BoinonHenne Kaxaod U3 3alyTaHUPOBAaHHBIX PaOOT 3aKaHYMBAETCS MPEJOCTaBICHUEM
otrueta. [locne BeIMoONHEHUs TabOpaTOpHON PabOTHl HEOOXOIUMO COIJIACOBaTh MOJTYy4YEHHBIE
pe3yJbTaThl ¢ MpenojaBaTeieM. 3aKIIOYUTEIbHBIM 3TalloM SBISETCS 3aliuTa JabopaTOpHOM
pabotel. B mporecce 3amuThl CTy€HT OTBEYAeT HA BOMPOCH NMPETMOAABATENS, KaCAIOIINUECs
TEOPUU U3Yy4YaeMOIo SIBJICHHS, KOMMEHTHUPYET MOJIyYeHHbIE B X0j€ paboThl pe3ynbraThl. [Ipu
MOJTOTOBKE K 3alllUTe JTaOOpaTOpHON pabOThl PEKOMEHIYETCs MOJIb30BaThCS JOMOTHUTEIHLHON
JUTEPATypOH, CIIUCOK KOTOPOM MPHUBEAEH B METOJWYECKOM OIHMCAHUM, A TAKKE KOHCIEKTOM

JIEKITAH.

IToaroroBKa Kk ciave 3a4yera

3auer — d¢opMa MPOMEKYTOUHON NPOBEPKH 3HAHWUN, YMEHHHA, HABBIKOB, CTCIICHH

OCBOCHUA NUCLHUITIINHBI.

I'maBHast 3a7aya 3a4eTa COCTOMT B TOM, YTOOBI Y CTyJEHTA M3 OTICJIbHBIX CBEIACHUU U
JieTajge COCTaBUIIOCH NPEICTaBIEHUE 00 00IIEM U KOHKPETHOM COJEPKAHUU COOTBETCTBYIOLICH

JUCHHUITIINHBI. I'oToBsCH K 3a4€Ty, CTYACHT HNPHUBOAHUT B CHUCTEMY 3HAHUA, IMOJYUYCHHBIC Ha



JEKUUAX, B JTa0OpaTOpUsAX, HA MPAKTUYECKUX 3aHATUAX, pa30UpaeTcs B TOM, YTO OCTaJIOCh

HCIIOHATHLBIM, U TOTAA U3ydacMas UM JUCHHUIUIMHA MOXKET OBITH BOCIIpUHATA B IIOJIHOM o0BeMe.

CTy,Z[eHTy Ha 3a4YCTC HYXHO HC TOJIbKO 3HATb CBCACHUA U3 TCX WM HHBIX Pa3aciioB

JAUCHUIUIMHEBL, HO U BJIAJICTh UMHU MMPAKTUYCCKH.
Ha 3auete OLICHUBAIOTCA:

* TIOHMMAaHHE U CTEIEHb YCBOCHUS TEOPHH;
*  METOJMYECKas MOATOTOBKA,
* 3HaHHe (PaKTUYECKOTo MaTepHaia;
* 3HAaKOMCTBO C OCHOBHOW M JONOJHMTEIBHO JIMTEPATYpPOH, a TAKKE C COBPEMEHHBIMHU
MyOJIUKausMU IO JAHHOMY KYpCY;
*  YMEHME NIPUIIOKUTH TEOPHIO K MPAKTUKE, IPABUIBHO ITPOBOJNUTH PAaCUeThI U T.11.;
* JIOTHMKA, CTPYKTYypa U CTHWJIb OTBETA, YMEHHE 3aIIUIIATH BBIABUTAEMBIC ITOJIOKCHHUS.
IToaroroBka k 3a4eTy HE AOJKHA OTPAaHUYMBATHCS IPOYTECHUEM JIEKLIMOHHBIX 3aIMCEH,
Jlake, €CJIM OHM BBINOJIHEHBI MOAPOoOHO M akkypatHo. Cremyer u3derarb MEXaHHYECKOTO
3ayuyuBaHus. bonee HajeKHBIN U LeIeco00pa3HbIi MyTh — ATO CUCTEMAaTU3allisg MaTepuana npu

BJIYMUYHBOM H3y4Y€HUH, TIOHUMaHUE (POPMYIHUPOBOK, YCTAHOBIEHUU BHYTPUIIPEIMETHBIX CBSI3EH.

[ToaroToBKy K 3adeTy cCleAyeT HayMHaTh C OOIIEro IUIAHUPOBAHMS MOJATOTOBKH, C
ompeneneHuss o0beMa MaTepualia, MojaJiekaniero mnpopadorke. Heobxoammo BHUMATEIHHO
CBEPUTh CBOM KOHCIIEKTBI C IPOTrPaMMOM, 4TOOBI yOEIWUTHCS, BCE JIU pa3zieibl OTPAXKCHBI B
nekiusax. OTCyTCTBYIOIIME TEMBbI 3aKOHCIEKTUPOBATh MO yueOHHKY. Bropoit srtan
MpeayCMaTPpUBAET CUCTEMHOE M3yUYEHHUE MaTepuaja Mo JaHHOMY MpeIMETy ¢ 00s3aTeabHOM
3aMMChI0 BCEX BBIKIAIOK, BEIBOJIOB, (hopMyi. Ha TpeTbeM aTarie - sTamne 3aKperyieHus — TOJIe3HO

4epe0BaTh YrIIyOJICHHOE TOBTOPEHHE OCOOCHHO CJIOKHBIX BOIPOCOB C OETIIBIM

Tunoswvie Konmpo.JibHble 3A0AHUA UTLU UHbLE mamepuaiol

Bonpocskl K NIpoMe:KyTOYHOM aTTecTaluM (IK3aMeHy)

. OO6mr1ast cTpyKTypa cucTeMbl ITUGPOBOI 00paOOTKU CUTHATIOB

° MaremaTudecKkue MOACIIN AUCKPCTHBIX CUT'HAJIOB

° CHGKTp JUCKPETHOI'0 CMrHaja; CBA3b MCKAY CIICKTPaMH JUCKPETHOI'O U aHAJIOTOBOT'O
CHUT'HAJIOB

® I[I/ICerTI/IBaL[I/ISI AHAJIOT'OBBIX CHUTHAJIOB C (I)I/IHI/ITHBIM CIICKTPOM. TeopeMa OTCUYCTOB.

XapakTepUCTUKH UCAIbHOTO (PMIIbTPa HUYKHUX YacTOT.

® ,HI/ICerTI/ISaI_[I/ISI AHAJIOT'OBBIX CHUI'HAJIOB € HCOI'PAHUYCHHBIM II0 YAaCTOTC CIICKTPOM.



SIBneHmMe MMOAMCHBEI YaCTOT MPH ANCKPETHU3allNU

. KBaHTOBaHKE cUrHasioB o ypoBHIo. [llymbl kBaHTOBaHUS
. [TudpoBoe KoMpOBaHUE CUTHATIOB
. MeToapl MaTEMaTUYECKOTO ONMUCAHUS JIMHEHHBIX AUCKPETHBIX CHUCTEM BO BPEMEHHOM

o0racTy, pa3HOCTHBIE ypaBHEHUS. PekypcuBHbBIE M HEPEKYPCUBHBIE (PUIIBTPHI

. WNmnynbcHas xapakrepuctuka h(n). Jluckpernas BpemenHas cBeptka. Lludposbie
¢unbTpel BUX- n KUX-Tuna.

. CTpyKTypHBIE CXEMBl HEPEKYPCHBHBIX M PEKYpPCHBHBIX (QuiubTpoB. I[lpsmas wu
KaHOHHYECKast pOpMbI peaau3aluu.

° MGTO)II)I MaTEMAaTUYCCKOTO OnruCaHusd JUCKPETHBIX CHIHAJIOB Ha KOMIIIEKCHOM
MJIOCKOCTH. Z-TIpeoOpa3oBaHKne, OCHOBHBIC CBOMCTRA.

. Z- n1 ®ypbe-00pa3bl TECTOBBIX MOCIE0BATEIBHOCTEH TUCKPETHBIX CUCTEM.

. [Tepenarounas GpyHKUIUS M 4aCTOTHAs XapaKTEPUCTUKA JUCKPETHOM cucteMbl. CBA3b
mexay H(z) u h(n)

. YacToTHasi XapaKTepUCTHKA TUCKPETHOU cucTeMsl, cBsi3b Mexay H(z) u Hjow). AUX u

OYUX nuckpeTHsIx cucteM. HopMupoBaHHas 0 4acTOTE YaCTOTHAs XapakTepuctuka. CBOMCTBO
MIEPUOJUYHOCTH.

. [lepenatounsie ¢pynkiuu pekypcuBHbix (BUX) punstpos. CBa3s H(z) u cTpykTypHOIi
CXEMOH peKypCHUBHOTO (pUIBTpA.

. Hynun u momroca mnepenarounoil ¢yHkuuu, Hynp-momrocHas ¢opma nepenaTodHoit
(YHKINU pEeKypCUBHBIX (PUIBTPOB.

. [Tepenarounsie pynkiuu pexypcuBHbix (BUX) ¢punstpos Kpurepuii ycroitunBocTy.

. Yacrotuble xapaktepuctuku pekypcuBHbIX (BUX) ¢unbrpoB. Kaprtuna nyneir u
nojirocoB L[D.

. [TapannenpHas U mocienoBaTenbHas (KackanHas) (OpMbl pealn3aliyd peKypCHUBHBIX
buIBTPOB
. BUX-puneTpel 1-ro mopsaKa: OCHOBHBIE XapaKTepUCTUKHM U cBoicTBa (AUX,

UMITYJIbCHAS U MIEpEXOIHAas XapaKTePUCTUKH).

. BUX-bunbTpsel 2-TO TOpsAKA: OCHOBHBIE XapaKTEPUCTHKH U cBoicTBa. (AUX,
UMITYJIbCHAS U MIEPEXO/IHAsL XapaKTePUCTUKH). XapaKTePUCTHKU (PUIbTpa MPH JEHCTBUTEIBHBIX
1 KOMILJIEKCHO-CONPSIKEHHBIX MOJIFOCAX.

. bukBanpatHblil GUIBTP BTOPOIo MOPSAJKA: OCHOBHBIE XapAKTEPUCTUKU M CBOUCTBA.
. Hepexypcusnabie (KMX-) GpunbTpbl: OCHOBHBIE XapaKTEPUCTUKU M CBOWCTBA.

. KUX-punptp 1-r0 nopsiKa: OCHOBHBIE XapaKTEPUCTUKH U CBOMCTBA.



KUX-bunstp 2-r0 mopsiika: OCHOBHBIC XapaKTEPUCTUKU M CBOWCTBA.
OOmas MeToanka cuaTe3a P@ no ananoroBomy mpoToTuiry
Meton Oununeiinoro npeoopaszosanus ([Ipoctoe 6unuHeliHoe mpeoOpa3oBaHue)

Cuntes KUX-puibTpoB MeToqoM BecoBbIX (yHKImA. Metomauka cuHte3a KHX-

(GuUIBTPOB METOAOM BECOBBIX QyHKIMHA. D-pakTop

Cunre3 KUX-dunbTpoB MeTogoM BecoBbx GyHKImA. IddexT ['ndoca
Cunte3 KU X-pmibTpoB MeTo10M BeCOBBIX QyHKIMH. [IpsMoyronpHOE OKHO
Cunte3 KM X-puibTpoB MeTO1I0M BECOBBIX (pyHKLUH. TpeyroabHOe OKHO

Cunres KMX-dpunptpoB MmeTo10M BecoBbIX (yHKIUH. O0001IIEHHOE KOCUHYCHOE OKHO.

CeMelCcTBO KOCUHYCHBIX OKOH.

Cunte3 KMX-puibTpoB MeTo10M BecoBbIX GyHKINM. BecoBble pynkiun Kaitzepa.
CuHTe3 HEpEeKYPCUBHBIX (PUIBTPOB METOJIOM YaCTOTHOW BBIOOpPKHU
Merton nudpoBoit GpuIbTpaKy HA OCHOBE TUCKPETHOTO TIpeoOpazoBanms Dypbe

Anroput™ 1H(PPOBON (PUIBTPAIIMM KOHEYHBIX IOCIIEAOBATENILHOCTEH  Ha OCHOBE

TMCKPETHOTO TpeodpazoBanust Dypwe

UwuciieHHbIe METOIBI CHHTE3a ITU(POBBIX (PUITHLTPOB

Cunre3 ontuManbHbIX KU X-(OUIBTPOB YHCICHHBIM METOIOM, TTOJTMHOMBI YeObIeBa

IL1aH NpaKTHYeCKHUX 3aHATHI

*  JIMCKpETHBIE CUTHAIIBL.

* JluckpeTHoe nmpeodpazoBanue Dypobe.

*  JIMCKpPETHBIE CUCTEMBI.

*  XapakTepHUCTUKH U CTPYKTYphI HUGPOBHIX GUIHTPOB

Tunosble 32124 VISl IPAKTHYECKUX 3aAHATHI

Tema 1. «/IucKkpeTHBbIC CHTHAJIBI».
* 3anucaTb MaTEMaTHYECKOE BBIPAXKECHUE JUCKPETHOTO CUTHAJA JUIs 33JaHHOTO aHAJIOTOBOTO
IIPOTOTUIIA KAK:

— (pyHKIMIO TUCKPETHOTO BPEMEHH;

— (QyHKIIMIO HOMepa BEIOOPKHY;

— (pyHKIIMIO HEMPEPHIBHOTO BPEMEHH.
. 3amucarh MaTeMaTHYECKOE BHIPAKEHUE TUTIOBBIX JUCKPETHBIX CUTHAJIOB:
IS 32JTAHHOTO aHAJIOTOBOTO MMPOTOTHIIA KaK:

- €IMHUYHBIN UMITYJIbC;

- SIMHUYHBINA CKAYOK;

- TUCKPETHAsI SKCIIOHEHTA,

- IUCKPETHBIA TAPMOHUYECKHUI CUTHAIT;

- IUCKPETHBIN KOMIUIEKCHBI TaPMOHUYECKUI CUTHAIIL.



1.3.3anucarp MaTEMATUYECKOE BBIPAKEHUE 3aJaHHOIO IPSIMOYTOJBHOIO JIUCKPETHOTO
UMITYJIbCa Yepes:
- (DyHKIIMM €IMHUYHBIX UMITYJIbCOB;
- (hyHKIIMM €IMHUYHOTO CKauKa.
« Haiitu Z-npeoOpa3oBaHue TUCKPETHON SKCIIOHEHTHI. [10ka3aTh CBSA3b MEKIY MOJIOCOM Zp Ha
Z-TJI0CKOCTU U TpaduKOM JUCKPETHOM SKCIIOHEHTHI.
* Haiitu Z-npeobpa3oBanue 3aTyxaomeil TuCKpeTHONH KocuHycoubl. [Toka3aTs CBA3b MEXIy
HOJIFOCAMU Zp]2 Ha Z-TNIOCKOCTU U TpauKOM JUCKPETHON KOCUHYCOUIBIL.
* Haiitu ciexTp TUNOBBIX JUCKPETHBIX CUTHAJIOB!
- €IUHUYHBIN UMITYJIbC;
- €IUHUYHBIN CKaYOK;
- IUCKPETHAsI OKCIIOHEHTA,
- TUCKPETHAsl KOMIUIEKCHAsI 9KCIIOHEHTA
- IUCKPETHBINA TapMOHUYECKNN CUTHA,;
- JTUCKPETHBIN KOMIIJIEKCHBIM TApPMOHUYECKUIA CUTHAJL.
1.7.. HaiiTu criekTp 3a1aHHOTO NMPSAMOYTOJIBHO JUCKPETHOTO UMITYJIbCA

Tema 2. «/IuckperHoe npeodpazoBanue Pypner.

2.1. VYyutbiBasg YCJIOBHE TNEPUOJUYHOCTH JUCKPETHOTO CHTHAJa OINpPENEIUTh YCIOBHE
NEPUOUIHOCTH JTUCKPETHON CHHYCOH/IBI.

2.2. VYuyutbiBasg YCJIOBHUE NEPUOJUYHOCTH IUCKPETHOIO CHUTHANA ONPEACTUTb YCIOBHE
NEPUOTUIHOCTH TUCKPETHON KOMIUIEKCHOW AKCTIOHEHIIHATBHOM ITOCIIET0BATEILHOCTH.

2.3. Ilyctp x(n) — N-ToueuHasi BelleCTBEHHAasl MMOCIIEA0BAaTeNbHOCTh. J(oKa3aTh, YTO MOIYJb ee
JATI® oyner wernot 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. TycTb x(n) — N-Toue4Has BEMIECTBEHHAS MTOCIIEI0BATEILHOCTb, ISl KOTOPOW BBIITOJIHSACTCSI
ycnoBue cummeTpun X(n)=x(N-n). [lokazars, uto 1D Takxke OyaeT BemeCTBEHHBIM.

2.5. Haittu JITI® N-toveuHo# nmocnenoBaTenbHOCTH (N- 4eTHO): x() = 6()xtn) = 5(n)

2.6. Haiitu JITI® N-todeunoit nocnegoatenbHOCTH (N- 4e€THO):
xM)=86n—ng)0EngsN-1

xn)=06n —ng)lsn,sN-1

1,n —4eTHO,
0,n — HeyeTHO

x(n}={

2.7. Haittu JII® N-touewnor mocnemoBaTebHOCTH (N-4ETHO):

1,n —u4eTHO,
x) = {D,n — HEYeTHO .

x(n)—{ a®0sn=N-1,

2.8.. Haittu JIII® N-ToueuyHoi mociemoBarenbHOCTH (N-4eTHO): — o, HHa4e.
(n)—{ a®,0€n=N-1,

W= 1o

, HHa4e.

2.9. .. Haiitu [IT1® N-touyeuHOM mociie1oBaTeabHOCTH (N-4ETHO):



r N N

1,[)57:;55—1, 1,D<_:n<_15—1,
x(n) = 1 N x{n) = N

Lﬂ,—E—EREN—i D,ESTL“_:N—:L

2/10/ .. Haiitu JII1® xOMILIEKCHOM TOCIIEA0BATEIbHOCTH:

eiwan O=sn=N-1, glwan 0=n=N-1,
x61) = | xon) =
L 0, HHa4e 0, HHa4e
Haiitn K03 HUITUEHTBI JI1D 3TOU I0CJICIOBATEIbHOCTH s ciy4Jast
2k g 21l g
alg = T,r,qe kg — Lenoe MHCI0 Wy = T,me kg — Uenoe YHCI0

2.11. Haittu AI1® auckpeTtHoii mocieaoBarenbuocty x(n)=[1, 2, 2, 1].

_im in
X0) = (4,29 4,1,23:)

2.12. Haiitu puckpetHyro mnocieaoBaTeabHocTh, JIID kotopoit

o L
X0 = (4,ze 4,1,233)

Tema 3. «/IucKkpeTHbIE CHCTEMBD».

3.1. Ucnonb3yst JABC BbIUHUCIAUTH peaklMi0 HEPEKYPCUBHOW JMHEHMHON IUCKPETHON CHUCTEMBbI

(IpM HyJEBBIX HAYAJbHBIX YCJIOBHUSX) MO 3aJaHHBIM HUMITYJIbCHOM XapaKTEPUCTUKE U BXOJHOM

BO3/ICHCTBHH.

3.2. Ilo 3amaHHOMY pa3HOCTHOMY YPAaBHEHMIO BBIYMCIUTb HMMIIYJIbCHYIO XapaKTEPUCTUKY

HEPEKYPCUBHOM JJUHEUHOW TUCKPETHON CUCTEMBI.

3.3. Ilo 3agaHHOMY pPa3HOCTHOMY YPaBHEHHUIO BBIUMCIIUTH MEPEXOJHYIO XapAaKTEPUCTHUKY

HEPEKYPCUBHOM JIUHEUHOW THUCKPETHON CHUCTEMBI.

3.4. Ilo 3agaHHOMY Pa3HOCTHOMY YPAaBHEHMIO BBIYMCIIUTD PEAKLIMIO HEPEKYPCUBHOM JINHENHOU

JUCKPETHOM CHCTEMBI Ha 3a/laHHOE BXO/IHOE BO3/IEHCTBHUE.

3.5. BpIuuCINUTE UMITYJIBCHYIO XapaKTEPUCTUKY PEKYPCUBHON JTMHEUHOMN IUCKPETHON CUCTEMBI

NEPBOIO MOPSIKA.

3.6. Ilo 3agaHHOMY pPa3HOCTHOMY YPAaBHEHHUIO BBIUMCIIUTH MEPEXOJHYIO XApAKTEPUCTHUKY

PEKYPCUBHOW JIMHEMHON AUCKPETHON CUCTEMBI.

3.7. 1lo 3ajaHHOMY pPa3HOCTHOMY YPAaBHEHMIO BBIYHMCIUTH PEAKLHIO PEKYPCUBHOM JMHEHHON

JUCKPETHOM CHCTEMBI Ha 3a/1aHHOE BXO/IHOE BO3/IEHCTBHE.

3.8. OnpenenuTs yCTOMYMBOCTh PEKYPCUBHOW JMHEWHON NHUCKPETHOM CHUCTEMBI, UMILYJIbCHAsS
} h(’n}={ an = 0; h(n) ={ a™n = 0;

XapaKTePUCTHKA KOTOPOH UMEET BHUT: 0, n<0. 0, n <0

3.9. o 3amaHHBIM NepenaTouyHbiM QyHKIUAM 1-ro (2-r0) mopsiaka OnpeleNuTh yCTOMUYMBOCTh

PEKYPCHUBHBIX TUHEHHBIX TUCKPETHBIX CUCTEM.

3.10. Tlo 3amaHHBIM mepenaToyHbiM  ¢GyHKIUAM 1-ro (2-ro) Tmopsiaka —3ammucath

COOTBETCTBYIOIIME PA3HOCTHBIE YPABHEHMS, OIPENEIUTh HMIIYJIbCHBIE XapaKTEPUCTUKU H

COCTaBUTbH CTPYKTYPHBIE CXEMBI COOTBETCTBYIOIIMX JIMHEHHBIX JUCKPETHBIX CUCTEM.

3.11. Tlo 3amaHHOW CTPYKTYpHOM CXE€ME€ COCTaBUTh PA3HOCTHOE YypaBHEHUE U 3alucaTh

nepeAaTouHy0 QyHKIHIO.

3.12. Tlo 3amaHHOW uWMITyNbCcHOW Xapakrtepuctuke (a) - h(n) = (1, -1); 6) — h(n) = 0,2")

COCTaBUTh CTPYKTYPHYIO CXEMY U HAWTH MepelaTOYHYI0 (QYHKIIHUIO.

Tema 4. «XapakTepUCTHKH M CTPYKTYPbI HH(PPOBBIX PUILTPOB)»

. [Tpu 3amanHbIX MTapaMeTpoB (a U b) mepenaTouHol GyHKIMKH peKypcUBHOTO hriibTpa 1-ro
TopsiIKa
HD-———H®
S 1-bzs ~1-bz?* semonmuTs:

- COCTaBUTH CTPYKTYpHYI0 cxemy LID (mpsimast u kKaHOHMUYECKast JOPMBI);
- 3aMMcaTh Pa3HOCTHOE YPaBHEHUE;



- OIpPENeNUTh MOJIOKEHHE TONIOCOB Ha Z-TIOCKOCTH M CAENaTh 3aKiIioueHue o0
yCTOMUNBOCTU QUIIBTPA;

- 3amucaTh BhIpaXKEHUE Il KOMITJIEKCHON YaCTOTHOM XapaKTepUCTUKH (HUIIBTPA;

- TOJYYHUTh BBIPAKEHHE M MOCTPOUTH AMIUIUTYAHO-YaCTOTHYIO U (PaxoyacTOTHYIO
xapakrepuctuku L{D;

- IOJTyYHUThb BBIpa)KEHUE U MIOCTPOUTH UMITYJICHYIO XapakTepucTuky LIdD;

- IOJTYYHUTh BBIPAKEHUE U TIOCTPOUTH MEPEXOTHYIO XapakTepucTuky LD;

- ucnonb3ys pasHocTHoe ypaBHeHue LD wnu JIBC BblUMCINTH 3HAUEHUS OTCYETOB y(n)
npu nojaye Ha BXoJ LD 3amanHO# AUCKPETHOM MOCIEI0BATENLHOCTH X(1N).

[Tpu 3amanHbIX TapaMeTpoB (a, b u by) nepenaToyHol GYyHKIIMU peKypCHUBHOTO (DUIBTpa
2-ro nopsiika

a

Ho= - —H@) = -

i=bzt-ba® 1-b,27-b.2% pumonuurs:
- COCTaBUTH CTPYKTYpHYI0 cxemy LI®D (mpsimas u kaHoHHUYECKast POpMBI);
- 3amMcaTh Pa3HOCTHOE YPaBHEHHUE;
- OIpENEeNUTh MOJIOKEHHE TONIOCOB Ha Z-TNIOCKOCTH M CAeNaTh 3akKiroueHue o0
YCTOWYMBOCTU QUIIBTPA;
- TI0 MOJIO’KEHHIO MOJIFOCOB Ha Z-TUIOCKOCTH onpeaenuTs tul ¢uiastpa (PHY, ®BY, 1D
win P®D);
- 3amucaTh BhIpaXeHUE U1 KOMITJIEKCHON YaCTOTHOM XapaKTepUCTHKH (DUIIbTpa;
- TOJIyYUThb BBIPAXKEHHE U TOCTPOUTH AMIUIMTYAHO-4aCTOTHYIO M (DaxouyacTOTHYIO
xapakrepuctuku L{D;
- mpeoOpazoBarth nepefaTounyio ¢yuknuio [P B mapamnensayo gopmy. CocTaBUThH
CTPYKTYpPHYIO cxeMy pekypcuBHoro L{® 2-ro nopsaka B napaienbHoi hopme;
- mpeobOpa3zoBaTh nepenarounyo ¢pyHkuuo [ B nmocnenoBaTenpHyo hopmy. COCTaBUTH
CTPYKTYpPHYIO cxeMy pekypcuBHoro L{® 2-ro nopsiika B KackagHol Gpopme;
- IOJIYYUThb BbIPAXKEHHUE U OCTPOUTH UMITYJIbCHYIO XapakTepucTuky Ld;
- IOJIYYUTb BBIPAXEHHUE U IOCTPOUTH MEPEXOJHYIO XapakTepucTuky L{d;
- ucnonb3ys pasHoctHoe ypaBHeHue D wnm [IBC BRIYMCIHTH 3HAYCHHS] OTCUETOB y(n)
npu nojaue Ha Bxoj L{® 3apanHON AUCKPETHOI MOCIe10BaTeIbHOCTH X(1).

[Ipu 3amaHHBIX 3HAUEHUSX IMOJIIOCOB (Zp1 U Zp2) U KOIPPUIMEHTa A MepeaaTouHOM
(GYHKIMU PEKypCUBHOTO (PUIBTPA 2-I0 HOPsIIKA

1

H@= H@ =

=z =02" I-bzt-b2" onpenenuTh KO3 HIHEHTHI
nepeaaTouyHon GyHKIMU b U by U BBIOIHUTH 3a1aHus 110 11. 4.2.
[Ipu 3amanHbBIX mapameTpoB (ai, a2 ,b1 U b)) mepegatoyHoit QyHKIMH OUKBAJIPATHOIO
buabTpa

lyra.z " +a0.z" lyaz*+a,z™?
H@) = T—— - H@)- —

bz - bzz 1= b:.z = b,Z BBIMTOJIHUTE!

- COCTaBUTb CTPYKTYypHYIO cxemy LI® (npsiMast u kaHoHHYecKasi (OpMbl);
- 3aIMcaTh Pa3HOCTHOE YPaBHEHHUE;
- ONPENIEINUTD MOJIOKEHHUE HYJIEH U MOJI0COB Ha Z-TIJIOCKOCTHU U ClieaTh 3aKI4eHne 00
yYCTOMUMBOCTU QUIIBTPA;
- 3aMMcaTh BbIpaXKEHHE 11 KOMIUIEKCHON YaCTOTHOM XapaKTepUCTUKU (PUIIbTPA;
- TOJYYHUTh BBIPAKEHHE M MOCTPOUTH AMILIUTYAHO-YaCTOTHYIO U (PaxoyacTOTHYIO
xapakrepuctuku L{D;
- IOJTYYMTb BhIpasKE€HHE Il UMITYJIbCHON XapakTtepuctuku LD;

Ilepeuens J1a60paTOPHBLIX PA6OT U BONPOCOB JAJIs1 KOHTPOJISA



No
paboThI

Hazpanue naGopaTopHoii pabOTHI M BOIIPOCHI JJIsI KOHTPOJIS

[Mudp

1

HccnenoBanue mporieccoB TUCKPETU3AIMN CUTHAIOB

1. Kakue npeoOpa3oBaHus HMEIOT MECTO MPpH ITUGPOBOI 00paboTKe
CUTHAJIOB?

2. Yto TaKoe JIUCKPETHBIN CUTHAJI u JIMCKpETHAs
MOCJIEI0BATEILHOCTD?

3. KakoBa npupoja pa3MHOXXEHUS CIIEKTPOB MPHU JUCKPETU3ALUU
CUTHAJIOB I10 BpeMeHU?

4. B dyeM 3aKIIOYAOTCS B3aMMOCBSI3b M OTIMYHME CIIEKTPOB
JUCKPETHOTO U aHAJIOTOBOTO CUTHAJIOB?

5. Kak 1o u3BeCTHOMY CHEKTPY aHaJOTOBOTO CUTHAja ONpPENEIUThH
CHEKTP COOTBETCTBYIOIIETO €My TUCKPETHOTO CUTHaja?

6. B wuyem 3akimoyaeTcsi SIBJIEHUE HAJOKEHHSI CIIEKTPOB MpH
JUCKPETU3AIMU CUTHATIOB?

7. MO>KHO JIH 110 U3BECTHOMY CHEKTPY IUCKPETHOTO CUTHAJIA HAWTHU
CIEKTP COOTBETCTBYIOIIETO €EMY aHAJIOTOBOT'O CUTHAsa?

8. M3 xakux ycnoBui BbIOMpaeTCs YacToTa AUCKpPETH3AIUU
AQHAJIOTOBBIX CUTHAJIOB?

9. KakoBa MmaTemaTHueckas MoOJIelb KBAaHTOBAaHHs CHTHala IO
YPOBHIO?

10. Kak ompenensiercs MOTPElIHOCTh KBAHTOBAHUS JIUCKPETHOTO
KBAaHTOBAHHOTO CUTHaa?

11. Kak ocymiectBinsieTcs: IuppoBOe KOJUPOBAHUE CUTHAA?

12. Kak ompenensercs MNOrpelIHOCTh KBAHTOBaHHUS LU(POBOrO
curHana?

13. M3 kakux ycioBuil BbIOMpaeTcsi HEoOXoauMas pa3psIHOCTb
ALIT?

14. Kak omnpenensercs  aBTOKOppENSIMOHHAS  (QYyHKIMA U
CIIEKTpasibHas IIOTHOCTH 1iyMa kBaHToBaHust ALIIT?

15. Tlpu xakom ycnoBuu HU(GPOBOM M IAMCKPETHBIN CHUTHAIIBI
MaTEeMaTHYeCKH aJIeKBATHBI?

Pykon

Uccnenoanue xapakrepuctuk bBUX-bunsrpor

» 3anumure pazHocTHOe ypaBHeHue 11t BUX-punbtpos.

* UM3oOpasute cTpykrypHyto cxemy BUX-dunbTpa.

* Kak naxoaurcsa nepenatounast GpyHkius PO no ero pasHOCTHOMY
YpaBHEHUIO?

* Uro Ttakoe HyNIU M MOJIOCa NepeaaToyHol (YHKIUHU. Y CIOBUA
ycToitunBocTH QribTpa?

 Kaxoli Buag wumeer Homb-mOMOCHas ¢opMa MepeaaToYHOI
¢byskunu PO 1 KakoBO ee MpakTHIECKOe 3HaYeHUE?

+ Kak nomyuyurts 4acToTHYI0 Xapakrepuctuky bUX-¢punprpa no ero
nepenaTouyHou GpyHkuun?

*  ®opwmbl peannzanuu PO (mpsimas, KaHOHHWYECKas, KacKagHas U
napasuieNnbHas).

* AnHanu3 4acTOTHBIX XapakTepucTuk bBUX-punprpa 1-ro nopsaka.

* Ilomyunth BBIpaXKEHUE I UMITYJICHOW XapakTepucTtukun bUX-
¢uibTpa 1-ro mopsaka.

* Jlomyunts BbIpaXKeHUE I NMEPEXOJHOM XapakTtepucTtukun bUX-
¢mbTpa 1-ro nopska.

*  Ananm3 4acTOTHBIX XapakTepuctuk bUX-dunbrpa 2-ro nmopsaka.

Pykon




CpoiicTBa uMIyJibcHOW Xapakrepuctuku bBUX-punetpa 2-r10
HOPSIIIKA.

bukBagpatHelii  (QuIBTp  BTOPOro  TOpAAKAa:  Pa3sHOCTHOE
ypaBHEHHE, IlepeiaTouHas (PyHKIUs, CTPYKTYpHAs CXeMa.
YacToTHbIE XapaKTEPUCTUKU OUKBAZIPATHOTO (PUIBTPA.
NmMnynbcHas XxapakTepucTuka OMKBaIpPaTHOTO (DUIBTpa

UccnenoBanue xapakrepuctuk KUX-punsrpon

3anuiute pazHoctHoe ypaBHeHue 11 KU X-hunbtpos.

Kaxosa ctpykrypa H® na ocnose JIBC?

3anumure BbIpaxkeHHe Ui nepenatoyHod  Qynkumum KUX-
bunbTpa.

Kax nonyuuts yacrotHsie xapakrepuctuku (AUYX u ®YX) HD?
KakoBo ycnoBue nuHeHHOCTH (ha304aCTOTHOM XapaKTEePUCTUKU
H®?

3anuiuuTe BhIpaXXEHUE AJI1 UMITyJIbCHOM Xapaktepuctuku KUX-
bunbTpa.

Amnanus yacToTHbIX Xapaktepuctuk KNMX-¢punbrpa 1-ro nopsaka.
[TonyunTs BeIpaXeHUE IS UMITYJIbCHOM XapakTtepuctuku KNX-
¢unpTpa 1-ro mopsaaka.

[TonyunTs BbIpakeHUE Il IEpEeXOAHOM XapakTepucTtuku KMNX-
¢unpTpa 1-ro mopsaaka.

AmHanu3 yacToTHBIX XapakTtepuctuk KUX-bunpTpa 2-ro mopsaxa.
NmnynscHoit xapaktepuctuku KUX-gunprpa 2-ro nopsiaka.
NmmynscHoM xapaktepuctuku KUX-gunbtpa 2-ro nopsiaka.

Pyxon

Cunte3 KUX-huibTpoB METOI0OM BECOBBIX (DYHKITHIA

Kak HaxonuTcs MMITyJbCHAsl XapaKTEPUCTHKA CHUHTE3HPYEMOIO
H® B meToze BecoBbIX DyHKIIUI?

KaxoBbl napaMeTpsl ¥ TUIIMYHBIA BUJ YaCTOTHBIX XapaKTEPUCTHUK
BECOBBIX (DYHKIIUNA?

KakoBa cBs3p nmapameTpoB 4aCTOTHOM XapaktepucTuku HO u
BECOBOM (yHKUIUU?

Kakue TtpeOoBaHus npeabsBISIOTCS K BECOBBIM (DYHKLUUSAM MpU
cunrese HO?

W3 kakux ycioBuil BoIOMpaeTcs BUA BeCOBOM QyHKIMU?

Kak HaxonuTcst HeoOXoauMas JUIMHA BECOBON (QyHKIMU?

Kak B MeTozie BecoBbIX (hyHKIIMI 0OecrieunBaeTcss He00X0uMoe
3aryxanue AUYX B nosoce 3a1ep>KUBaHUA?

Kak B Merosne BecoBBIX (YHKIMH JOCTUTAETCS COOTBETCTBUE
3aJJaHHBIX ¥ paCUeTHBIX T'PAaHUYHBIX YacTOT (puiIbTpa?

B uem 0c00EHHOCTh M MPEUMYIIECTBO HCIIOJIB30BaHMs BECOBBIX
¢bynkuunit Kaitzepa ans cunreza HO?

[Touemy MeToJ BECOBBIX (DYHKIMH OTHOCAT K MTEPALlMOHHBIM
MmerogaMm cunreza HD?

Kakyro @YX umeror HO, cuHTE3UpOBaHHBIE METOJOM BECOBBIX
byHKIMI?

Kak HaxoIuTCcsi MMITyJbCHAsE XapaKTEPUCTHKA CHHTE3UPYEMOIO
H® meTtogoM 4acToTHOW BEIOOPKU?

Pyxon

KOHTpOJILHbIe BOIIPOCHI IJIl OLI€EHKHU C(i)OpMHpOBaHHOCTI/I KOMIIEeHTKIIMH




*  OOmas cTpyKTypa cucTeMbl IUGPOBO 00paOOTKN CUTHAJIOB

» JluckpeTH3alus aHaJOTOBbIX CHTHAJIOB ¢ (PMHUTHBIM CIIeKTpoM. TeopeMa O0TCYeTOoB.
*  CnexTp AUCKPETHBIX CUTHATIOB. CBOWCTBO MEPUOAUYHOCTH.

* KBanTOBaHue cUrHanos 1o ypoBHIO. [Ilymsl kBaHTOBaHUSA

® MCTOIIBI MaTEeMaTUYECKOTO OIMCAHMSA JITHHEHHBIX AUCKPECTHBIX CHUCTEM BO BpeMeHHOﬁ
o0JacTy, pa3HOCTHBIE YPABHEHHUS.

*  CrpyKTypHBIE CXeMbl PEKYPCUBHBIX U HEPEKYPCUBHBIX PribTpoB. [Ipsimas 1 kaHOHUUYECKast
(hopmBbI peanu3anum.

* HMmnynbcHas xapakrepuctuka h(n) quckpeTHbIx cucteM. [luckpeTHas BpeMeHHas CBEpTKa.

»  Hudpossie punptpsl BUX- 1 KUX-Tuna.

*  MeToapl MaTEMaTUUECKOTO OIHCAHMS CHUTHAJIOB AUCKPCTHBIX CUCTEM Ha KOMILIEKCHOM
IIJIOCKOCTH. Z-Hp606pa30BaHI/Ie, OCHOBHBIE CBOMCTBA.

* Ilepenarounas ¢yHkuus nuckpeTHod cucteMbl. Csizp mexnay H(z) u h(n). Kpurepuit
YCTOMYHUBOCTH.

* YacToTHast XapaKTEepUCTHKA TUCKPETHON cucTeMbl, cBsi3b Mexay H(z) u H(jw). AUX u @YX
JUCKPETHBIX cucteM. CBOMCTBO NEPUOAUYHOCTH.

*  BUX-punbTpsl 1-ro mopsaka: OCHOBHBIE XapaKTEPUCTUKU U cBOicTBa (AUX, uMmynbcHas 1
NEePEX0/IHasl XapaKTEPUCTUKH ).

*  BUX-punsTpsl 2-ro NOpsiiKa: OCHOBHBIE XapaKTEPUCTHKH U cBOMCTBA. (AUX, HMITyIbCHAS U
NEPEXO0/IHAsl XapaKTEPUCTUKH).

*  KUX-punptp 1-ro nopsiika: OCHOBHBIE XapaKTEPUCTUKH U CBOWCTBA.
*  KUX-punbtp 2-ro nopsaka: OCHOBHbIE XapaKTEPUCTHKH U CBOICTBA.

* Cunre3 KUX-punsTpoB MeTo0M BeCcOBBIX GyHKIMA. MeTtonuka cunTe3a KUX-punbtpos
METOJIOM BECOBBIX (hYHKITUH.

* CuHTe3 HepeKYPCHUBHBIX (PHIBTPOB METOJJOM YAaCTOTHOMN BBIOOPKU

*  Meroabl nupoBoil GUIbTpAIK KOHEYHBIX MTOCIIEIOBATEIHPHOCTEH Ha OCHOBE TUCKPETHOTO
npeobpaszoBanus Oypwe

CocraBun

noreHT kadenper PTC

K.T.H., C.H.C. B.I1.Kocc
3asenyromuii kadgenpoii PTC

I.T.H., ipoddecop B.U.Komenes

[IOKYMEHT MOATMUCAH 3MIEKTPOHHOW NOANUCHIO

NnoanncCAHO ®rboy BO "PrPTY", PIPTY, Kowenes Butanuit iBaHoBMY, 17.06.26 14:57 (MSK) MNpocTas noanucb
3aBeaytowmii kadeapoit PTC
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