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Bbinyckatowas PagnoaneKkTpoOHUKN U 3NIEKTPOIHEPTETUKN
Kadoepa

3agaHue anst KOHTPorbHOW paboThl.
1. Tema KoHTpOsbHOM paboThl «MpoeKkTupoBaHme LMPoBOro hunbTpar.

2. Uenb — paspaboTka cxembl uUudpoBoro dunbTpa, ero peanu3auusi u
nccnegoBaHue xapaktepuctuk B cucteme MatLAB.
3. 3apaHue.

3agaHbl napameTpbl MONOCbl MPOMycKkaHust U npefenbHble OTKNOHeHus AYX
undpoBoro unbTpa. TpebyeT cnpoekTMpoBaTbh LUdpoBoN UNbTP, oNpeaennTb ero
YacTOTHble U MMMYSbCHYKD  XapakTepucTukn, paspaboTtatb cxemy unbTpa,
peanu3oBaTtb ee B BUAe KOMMNbloTepHOM moaenun B cucteme MatLAB, cHATbL 4acTOTHbIE
N BPEMEHHbIE XapaKTepuUcTuku ounnbTpa.

4. lNepuof BLINOMNHEHUA: B Nepuog NoAroToBKM K 3a4eTy HaumHada ¢ 11 Hegenn 7
cemMecTpa A0 AHs npoBeaeHust 3aveta. KoHTponbHas paboTta caaetcs npenogaBaTento
Ans NpoBEPKM He no3gHee, YeM 3a OeHb OO0 3a4yeta. B nepuog npoBegeHus 3adeta
NpoBOAMTCA Npoueaypa OueHMBaHNA KOHTPOSbHOM paboThl.

Bonpockl k 3a4eTy:

1. duckpeTtmsauyms aHanorosoro curHana x(t) npoussogutcs ¢ nepuogom Ta. Yemy
paBHO 3HA4YeHMe pelueTyaTon pyHKLMM X(N), ONUCbIBAOLLEN OUCKPETHLIA CUrHan,
Ha uHTepBane nTg<t<(n+1)Tg?

2. [pn KakoMm ycrnoBuu nocrnefoBaTeflbHOCTb, MOflyYeHHad MNyTemM OUCKpeTmsaunu
rapMOHUYECKOro cuUrHana, He SBnsieTca nepnoamnyeckomn?

3. Kakne onepauuun ocCyLLeCTBNAIOTCA Mpu nepexoge OT AUCKPETHOro curHana K
LundpoBomy?

4. 3anuwunte maTeMaTu4eckyto MOAeNb naeanbHOM oUCKpeTU3auuu.

5. MakcumanbHas 4yactoTa B CnekTpe 3BYyKOBOro curHana pasHa 20 kl'y. Kakos
AOMKeH ObiTb MUHMManbHbLIA Nepuon auckpetusaumm B AL, 4ToObl addekT
HanoXxeHus oTcyTcTBOBan?

6. B uyem 3aknoyaeTcs cnoco® BOCCTAHOBMEHWUS HEMNPEpbIBHOMO CurHana mno
AVCKPETHbIM OTCYeTaM, HeENOCPeACTBEHHO BbiTeKkaloLwmn n3 teopemol YKLLI?

7. OuckpeTHas nocnefoBaTenbHOCTL ObBpasoBaHa nyTeM AMCKpeTusauum OLHOro
nepuoga rapMoHudeckoro konebanus. Yactota guckpeTtumsaumm pasHa w/8. Yemy
paBeH koadppuumeHT AN X(0)?

8. UTo noHumaroT nog TepMuHoM «anroputm blrd»?



9. KakoBo o0Llee KONMMYECTBO KOMMIIEKCHBIX YMHOXEHUA Npu peanu3auun 6a3oBon
onepaumm «6aboykar»?

10. Kakass onepauusi nexuT B OCHOBE MocTpoeHna anroputma blMd c
NPON3BOSbHBLIM OCHOBaHWeM (anroputma Kynv — Tbiokun)?
11. lMocneposatenbHOCTb Yy(n) obpasyeTcs Kak pesynbTaT CBEpPTKA OBYX

nocnegosatenbHocten X(n) = (—0,9)n u h(n). Onpegenute Y(z), ecnu H(z) = 1/(1 -
bz-1).

12. HanguTe cnekTp AUCKpeTHOM nocnenoBaTefibHOCTW.

13. HanguTe cnekTp npousBeeHus ABYX AUCKPETHbIX NOocieAoBaTeflbHOCTEN.

14. AHarnoroBbI CUrHan UMeeT CheKTpasibHYyl MMOTHOCTb, PaBHYK HYNHO Mpu
yacTtoTe Bblwe 50 kl'y. Onpegenut YacToTy AUCKPETU3aLUN.

15. Onpegennte 4acToTy OUCKPEeTU3aUnn cUrHana CrioXKHom oopmebl.

16. Hangute cnekTpanbHyt0 MMOTHOCTb aMnnuTyd AUCKPETU3UPOBAHHOIO
TpeyronbHOro uMnyrsibca.

17. Onpegenute CNekTp AUKPUTU3NPOBAHHOIO NPSIMOYTrOfIbHOMO MMMYyrbCa.

18. BoccTaHoBMTE aHanNoroBbI cUrHan no UCKPETHLIM OTYETaM.

19. Onpegenute aMnnUTygHbIA U (Pa30BbIN CNEKTP AUCKPETHOIO CUrHana.

20. Bbluncnunte aHepruio AMCKPETHOIO CUrHarna B YacToTHoM obnacTtu.

21. Hangute Z-npeobpaszoBaHue ANCKPETHOro curHana.

22. Onpegenute curHan no Z-n3odpaxeHuto.

23. Hangute aucKpeTHbIN curHan no Z-n3obpaxxeHmo MeTo4oM BbIHETOB.

24. Hangute guckpeTHbIN curHan no Z-n3obpaxkeHuio MeTo40M pasfioXXeHUs Ha
npocTble apodu.

25. Hangute paguyc cxogumMocTu Ang AUCKPETHOro curHana.

26. HanguTe KpyroByto CBEPTKY CUrHarnosB.

27. Onuwunte cBONCTBa ANCKPETHOro npeobpasoBaHuns dypbe.

28. Hangute  guckpeTHoe — npeobpasoBaHve  Pypbe  nepuoamnyeckomn
nocriegoBaTeNnbHOCTN OTCYETOB.

29. Hamgute pguckpeTHoe npeobpasoBaHne Pypbe nocrnegoBaTenbHOCTH
OTCYETOB OrpaHNYEeHHON OANUTENbHOCTH.

30. Hangute auckpetHoe npeobpasoBaHme Pypbe cUrHana crnoXxXHom popmbi.

31. HokaxuTte, 4To KO3dhPuMumMeHTbl psaa KotenbHukoBa s(t), 3TO 3HaAYeHMUs
cuUrHara B MOMEHTbI BpemMeHu t=nTa.

32. HokaxuTte, 4To QyHKUMKM oTcyeToB sinc(t-nTa) m sinc(t-mTa) opToroHanbHbI
npu n'm.

33. Onpegenute CrneKTpasrbHyto NMOTHOCTb nmMnyrnbca, 3alaHHoro
aHanuTudeckmm BblpaxkeHnem s(t)=sinc(t-nTpg).

34. MoyeMy HEBO3MOXHO CcyuleCTBOBaHWE (YHKLUKW, ONUCbIBAKOLLEN CuUrHan,
OrpaHNYEHHbIN BO BPEMEHN U UMEIOLLMIA OFPaHNYEHHbIA YaCTOTHbIA CNEKTP?

35. OnuwnTe KaHOHNYECKYI0 hopMy peanuaaumm AUCKPETHON Lenu.

36. Onuwunte TpaHCNOHMPOBAHHYO (hOPMY peanusaunumn JUCKPETHOWN Lienw.

37. Onuwute napannensHy GopMy peanu3aumm AUCKPETHON Lenu.

38. Onuwute nocnegoBaTtenbHy0 opMy peanusalmm AUCKPETHON Lenu.

39. Onpegenute oTCcYeTbl BbIXOLHOrO CUrHamna npu M3BECTHOM Pa3HOCTHOM
ypaBHEHUM N BXOLHOM CUrHarne.

40. [MocTpounTte cxemMy OUCKPETHOWM Lienu rno pasHOCTHOMY YpaBHEHWIO.

41. Hangute BbIXOOAHOW CUrHam CUCTEMbI C  U3BECTHbIM  Pa3HOCTHLIM

ypaBHEHMEM MPU Nogaye Ha ero Bxoa AenbTta-nMnyrbca.



42. Hangute pasHOCTHOe ypaBHeHWEe Uuenu, nepefaTodHyd QYHKUUIO W
BbIXOQHOW CUrHan AN OUCKPETHbIX Lenen pasfiMyHoro Buaa npu M3BECTHOM
BXOLHOM CUrHane.

43. 3anuwnte pasHOCTHOE ypaBHEHME AUCKPETHOro MHTerpartopa pasfiunyHoro
BMaa.

44, Onpegenute yCTOMYMBOCTb WAN  HEYCTOMYMBOCTb LENM C W3BECTHOM
nepenaTtovyHON PyHKUMEN.

45. lMocTponTe AOUCKPETHYK Uenb B napannensHon dopme no WU3BECTHOM
nepenaTovyHON PyHKLNN.

46. YUTto HasbIBaeTCcs nepegaTtovHom pyHKumen umdposoro punbtpa?

47. UTo noHUMaloT noa onpefesieHneM «(pusnyecku peanusyembsiv Luposom
GunbTp»?

48. Kak cBsizaHbl Mexay cobon KOMMMeKcHasi 4acToTHash W UMMynbCHas
XapaKTepuUCTUKN OUCKPETHOro punbTtpa?

49. KakoB nepuoq KOMMIeKCHON YaCTOTHOW XapaKTepUCTUKU AUCKPETHOrO

50. dunbTpa?

51. Kakaas  dopma peanusaumm  uudgposoro  dunbTpa  HasblBaeTcA
KaHOHNYECKON?

52. HepekypcuBHbln ~ bunbTp,  NpeacTaBnslowmnn  cobon  paBHOBECHBIN

cymmaTtop 4-X OoTcyeToB, npefHasHadeH Ans obpaboTkum AUCKPEeTHOro curHana,
3agaBaemoro 16 otcyetamu. KakoBa gormkHa ObiTb pasMepHOCTb (KOSIMYEeCTBO
TOYEeK) AUCKPeTHOro npeobpasoBaHna ®dypbe npu peanusaumm obpaboTkm B
TakoM purbTpe B YaCToTHOM obnacTun?

53. C kakonm AuckpeTusaumenm Mo 4acToTe aHanmsupyeT ChnekTp umdpoBon
CneKkTpoaHanmsaTop, WCMosnb3ylwmn anroputMm 256-tovyeyHoro bIP, ecnn
yactoTa guckpetumsaumm ALIM pasHa 512 kl'y?

54. KakoBa paspeliatowaa crnocobHocTb no 4vactote (no ypoBHo —3 Ab)
LUMPPOBOro CrnekTpoaHanusaTopa, WCMonb3ywero anroputM 256-TO4eYHOro
BlN®, ecnu nepuog anckpetnsaumm paseH 0,1 Mkc?

55. B 4em 3akntoyaeTcs CMHTE3 HEpeKypCuBHbIX LI® meToqoM «OkHa»?

56. Kakon Tvn cpunbTpa (Npy ogMHakoBoM nopsiake) obnagaeT makcMmarnbHON
n3bmpaTenbHOCTbIO?

57. Uem obbsacHAeTCca gedopmauus Lwkanbl YacToOT NPU CUHTE3e PEKYPCUBHbLIX
LMGPOBLIX pUNbTPOB METOAOM BUNMHENHOro NpeobpasoBaHna?

58. JInHenHble ouckpeTHble punbTpbl. Pa3sHOCTHLIE ypaBHEHMS.

509. YpaBHeHue umpoBoro punbTpa B TEpMUHAX z-nNpeobpaszoBaHus.

60. MMnynbcHass © nepefaTtodHasi XapakTepUCTUKM LMgpoBOro unbtpa.
YcrnoBue yCTONYMBOCTM.

61. AMMANUTYOHO-4aCTOTHbIE M (pa30-4acTOTHbIE  XapaKTepPUCTUKM  ONS
OCHOBHbIX KOH(Urypawunmn Hynen v nonocos nepeaaTtovyHoOn QyHKL NN,

62. PacnonoxeHue Hynen nepegatovyHon pyHkunm KNX-punbTpoB ¢ NMHENHOMN
draszon.

63. Mpumepbl uundpoBbix GunbTpoB. Lndposon uHTerpatop. Lindposon
anddepeHunaTop (npocton).

64. TpaHcBepcanbHbI PUIbLTP.

65. LindppoBble punbTpbl C KOHEYHOW WMMYINbCHOW Xapaktepuctukon (KNX-
GPUNbTPLI).

66. Knx-omunbTpbl € NMHENHOW pa30BOM XapaKTEPUCTUKON.



67. PekypcuBHbil  MeTog peanusaumm KUX-gunbetpoB. MeTog 4YacTOTHOW

BbIOOpPKM.

68. Mpebenyathbii PUNbTP, KOMMMAEKCHbIA Pe30HaTop, NOI0COBON PUNBLTP.

69. Habop nonocosbix KNX-dunbTtpos n AN

70. Kux-dovnbtpbl ¢ uenbiMnm  kKoadduumeHTamn.  PunbTp  TekyLiero
ycpeaHeHus.

71. Lindposble punbTpbl 6GECKOHEYHON MMNYNbLCHOW XapakTepuctukon (BUX-
PunNbTPbI).

72. Hangute KOppEensLUNOHHYO dYHKLNIO ABYX ANCKPETHbIX
nocrnenoBaTernbHOCTEN.

73. Onpegenute OTCYeTbl CUrHana, KoppenauuoHHYH (YHKLWIO U MOLLHOCTb
OTCYETOB CUrHana gnga curHana 3agaHHoro Buaa ¢ 3agaHHbIM CNEKTPOM.

74. Onpegenute wWHTepBan AUCKPeTU3aUMM  CITlyYaWHOro CTauMOHapPHOro
npouecca npu ycrosuu, 4Tobbl oTcYeT BbINIM HEKOPPESTMPOBAHDI.

75. Hangute 4ucnosble, BpPEMEHHblIE W CMeKTpasnbHble XapaKTepUCTUKU

BbIXOQHOW NocnenoBaTenbHOCTUN ANs AUCKPETHOW uenu ¢ 3agaHHON UMMYIbCHOW
XapaKTepUCTUKOM Mpu MOCTYNNIEHUN Ha €ee BXOL I3Proanmyeckoro curHana c
3aflaHHbIMM NapamMeTpamu.

76. OnuwunTe MatemMaTU4eckyto Moerb LWyMa KBaHToBaHus. B kakmx cnydyasx
NpoLUecc KBAHTOBaHMS BXOLHOIO CUrHana He ygoBneTBopsieT aTom mogenun?

17. Ha ckonbko paspsagoB Hago ysenuuntb AU curHana, 4tobbl OTHOWeEHMe
ancnepcun curHarna K gucnepcum LWymMoB KBaHTOBaHUA yBenuyunock Ha 18 nb?
78. bunonsipHeIn aHanoroesbl curHan Ha Bxoge naTupaspsgHoro AU nmeet
MakcumanbHyto amnnutygy 200 mB. Beluncnure gucnepcuio WymMoB KBaHTOBaHUSA
curHana Ha BbIxoAde UMdpoBOro urbTpa MepBoro nopsaka, OnMCbiIBaEMOro
Pa3HOCTHbBIM YpaBHEHMEM C KOMMMEKCHbLIM KoadduumeHTom: y(n) = x(n) + aly(n —

1), a1 = 0,8 exp(jQTH).

79. bunonsipHbln aHanoroBbin cuUrHam Ha Bxode BocbMupaspsagHoro AL
nmeeT MakcumaneHyto amnnutygy 1 B. Bbluucnute gucnepcuio  lwWymos
KBAHTOBaHWA CWUrHana Ha Bbixoge UMdpoBoro unbTpa, ONUCbIBAEMOro
ypaBHeHuem y(n) = 0,8 x(n) — 0,5x(n — 1) + 0,4x(n — 2).

80. BunonapHbIn aHanorosbin CUrHas, UMeKLWMn MakCUManbHyo amnnutyay 2
B nocne npeobpasoBaHua B 4eTbipexpaspsgHom AL, noctynaet Ha BXxopg
pPEeKYpPCMBHOIo LmdpoBoro unbTpa nepsoro nopsaka ¢ koagpduumneHtom a = 0,5.
Mocne  yMHOXeHMst Ha  KOIOPUUMEHT  pesynbTaT  3anucbiBaeTcs B
YyeTblpexpaspsagHbln pernctp. Kakosa gucnepcus owmMOKM curHana Ha BbIXOde,
00yCrOBIEHHOW OKPYrNeHneM NPOMEXYTOYHbIX pe3ynbTaToB?

81. Onpegenute gucnepcuio  OWMBKM  BbIXOQHOrO CUrHana Ha BbIxoae
HepekypcuBHoro LI® 4eTBepToro nopsaka, OOYCMOBMEHHYID OKpYrieHuem
pe3ynbTatoB YMHOXeHUA A0 4-X pa3psigoB. BxogHowm curHan npeobpasoBaH B
yeTblpexpaspsagHom ALI ¢ warom kBaHToBaHus 0,5 B. KoadpduuneHTol punstpa
3agaTca vYeTblpexpaspsaHbiM 4BOUYHBIM KOOOM.

82. Uem ob6bacHawTca uckaxkeHna AYUYX mn OUX L npu KBaHTOBAHWUM
koaddmuneHToB punbTpa?
83. Kakas dopma peanusaumm  pekypCuBHbIX  (PUNbLTPOB  HauMmeHee

YyBCTBUTESIbHA K KBAHTOBAHMUIO KOIPPULNEHTOB?



84. Onpegenute paspsigHOCTb BXOOHOrO cCurHana v paspsgHoOCTb perucTpos
onepaTtMBHOW MamMATU MPU U3BECTHOW MepeaaTodHOM (PYyHKUMN PEeKYPCUBHOIO
LUndpoBoro ounbTpa.

85. Onpepenute paspsagHoOCTb BxogHoro curHana ana  KUX-punetpa c
N3BECTHOM MMMNYNbCHOW XapaKTepPUCTUKON.
86. Onpegenute paspsgHOCTb PerucTpoB namatn ymHoxutenem gana KUX-

CbI/IJ'IprOB C W3BECTHOM I/IMI'Iy.I'IbCHOI7I XapaKTepVICTI/IKOIZ n U3BECTHbIMU
napamMeTpamMu LymMma Ha BbiXode C*)I/Iﬂpra.

87. Onpegenute paspagHOCTb  BXOOHOMO CUrHana Agns  HepekypCUBHOW
LMJPOBOM LIeNN C N3BECTHOW NepeaTovHON OyHKLNEN.
88. Onpegenute  paspsgHOCTb  PErucTtpoB  NamsaTv  yYMHOXUTenewn ans

HepeKypCcuBHOM ULUEPPOBOM LEenM C MU3BECTHOW nepefaTodyHou yHKUven wu
N3BECTHLIMU NapamMeTpamu LymMma Ha Bbixoae unbTtpa.

89. Onpegenunte MOLLHOCTb COBCTBEHHbLIX LWYMOB, paspsgHOCTb BXOLHOMO
curHana W paspsgHOCTb  PEerucTpoB  OMepaTMBHOWM NaMATU  PEKYPCUBHOrO
undcpoBoro unbTpa C W3BECTHOMW NepedaTovyHOW (PyHKUMEN N U3BECTHbIMU
napameTpamMmn BbIXOQHOro cUrHana.

90. Onpepenute paspsagHOCTb KO3IUUMEHTOB AUCKPETHOM LEnM MeTOOO0M
nNpo6, Npu N3BECTHOM NepeaaTovHON PyHKUMKN K norpeluHocTn AYX Lenu.
91. Onpegenute paspagHOCTb  KO(P(PUUMEHTOB  OUCKPETHOM Uuenu no

BEPOATHOCTHON MOAEeNn Ha OCHoBe (PYHKLMU YYyBCTBUTENBHOCTU, NPU U3BECTHOM
nepegaTovyHON yHKUMK 1 norpewtHocTn AYUX uenw.

92. Onpegenute paspagHOCTb KO3 (PUUMEHTOB  OUCKPETHOM Uuenu no
AETEPMUHMPOBAHHON MOAENN MNpU  U3BECTHOW nepedaTtodHOn YHKUMK U
norpewHoctTn AYX uenw.

93. KakoBo HasHa4yeHue npeaBapuTenbHOro unbTpa B NPOCTENLLEN CUCTEME C
MOHWXKXEHNEM YACTOTbI AMCKpeTM3aunmn (geunmartope)?

94. Kakon pgomkHa 6biTb KMX maoeanbHOro MHTEpnonsuMoHHOro dunbtpa B
npocTenLen cucteme C NOBbILLEHNEM 4YacToTbl AVCKpeTusaumm
(nHTEpnonsTope)?

95. 3anuwunte anroputm paboTbl OQHOPOAHOrO TpaHCBepcanbHOro dunbTpa
TpeTbero nopsiaka npu NOHMWXEHUM 4YacToTbl UCKPETU3aLMN HA ero BbiIxode B 2
pasa.

96. 3anuwunte anroputMm paboTbl PEKYPCUBHOIO ounbTpa NEPBOro nopsigka c
KO9(PPULMNEHTOM a NPU MOHWKEHUM HYACTOTbl ANCKPETMU3aALMM Ha ero BbiIxoae B 2
pasa.

97. Kak cBsi3aH CnekTp BbIXOQHOrO CUrHamna KoOMMpeccopa 4acToThbl
ANCcKpeTusaumm co CNnekTpom BXOAHOro curHana?

98. Kakoi curHan HasbliBaeTcsl y3KOMNOSIOCHbIM?

99. Onpegenute CONPSPKEHHbIN cuUrHan wn ornbarollyro And BeLleCTBEHHOro
curHana — rapmoHunyeckoro konebanus smaa s(t) = cos (21ft + 6).

100. Kakon Tun guckpeTHoro dunbTpa NPUONMKEHHO peanudyeT AUCKPETHOEe

npeobpasoBaHune MNnbbepTa?



