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YHUKa/bHbI} MPOTPaMMHbIN KITtou: LIUCIDDOGGFI O6pa60mKa cueHarsos

e3a68 13 Kops HarpaBsiemiedddels  11.03.02 MHPOKOMMYHMKALNOHHbIE TEXHOMOMMN U
NoaroTOBKM CUCTEMbI CBSA3U
HanpaBneHHOCTb KopnopaTtnBHble MHPOKOMMYHUKALMOHHbIE CUCTEMbI U
(npochunb) cetn
dopma 0byyeHus OyHas
Kadenpa- PagnoaneKkTpoOHUKM N 3NEeKTPOIHEPTETUKN
pa3paboTymk
Bbinyckatowas PaanoanekTpoHUKM 1 3NEKTPOIHEPTETUKM
kadbegpa

3agaHune anst KOHTPOSIbHOM paboThl.
1. Tema KoHTposnbHOM paboThbl «[1poekTupoBaHme LMPPOBOro unbTpa.

2. Llenb — paspabotka cxembl UMGPOBOro unbTpa, ero peanu3aumsa u
nccrneaoBaHue XxapakTepucTuk.
3. 3agaHwue.

3apaHbl napameTpbl MOSIOCbl MPOMYCKaHUSA W nNpedenbHble OTKNOHeHust AYX
undgposoro cdunbTpa. TpebyeT cnpoekTupoBaTbh LUdPOBOK unbTp, onpeaenntb ero
4YacTOTHble W MMNYNbCHYH  XapaKTepuctukn, paspaboTtatb cxeMmy unbTpa,
peanu3oBaTb €€ B BMAE KOMMbOTEPHOW MOENU, CHATb 4YacTOTHble WU BPEMEHHble
XapaKkTepucTUKM punbTtpa.

4. MNepwnop BbINOSTHEHUA: B Nepuon NOAroTOBKU K 3a4eTy HauymHas ¢ 11 Hegenu 7
cemecTpa [0 OHsA npoBefeHus 3adeta. KoHTponbHas paboTta coaetcs npenogasaTernto
ANs NpOBEepKn He no3gHee, YeM 3a AeHb OO0 3ayeTa. B nepuop nposefeHuss 3adyeTa
NpOBOANTCA Npouenypa OLEeHUBAHUSA KOHTPOMbHOM paboThbl.

Bonpockl k 3a4eTy:

1. duckpeTtmnsauyms aHanoroBoro curHana x(t) npoussoantcs ¢ nepuogom Ta. Yemy
paBHO 3Ha4YeHUe pelleTyaTon PyHKUMKM X(N), ONMUCbIBaOWEN ANCKPETHbBIA CUTHAnM,
Ha nHTepBane nTa<t<(n+1)Tg?

2. lNpn kakom ycrnosuu nocriegoBaTenbHOCTb, MOSlyYeHHaa nyTeM AucKpeTusauuu
rapMOHNYECKOro curHana, He aBnseTcsa Nnepnognyeckon?

3. Kakne onepaumm OCyLLECTBRSAOTCA NpU nepexode OT AUCKPETHOro curHana K

undgpoBomy?

3anuwmnTte MmaTteMaTU4eckyto Moaernb naeansHOW UCKpeTU3aunu.

MakcumarnbHasa 4yactoTa B ChekTpe 3ByKoBoro curHana pasHa 20 kluy. Kakos

AOIKeH ObITb MUHUManbHbIN nepuoa auckpeTtusauum B AU, yTtobbl adbdekT

HaroXeHus oTcyTcTeoBan?

6. B 4em 3aknouyaetca cnocob BOCCTAHOBMEHUA HENpPepbIBHOIO curHamna no
ANCKPETHBIM OTCcYeTaM, HENOCPEACTBEHHO BbITEKatoWwmi n3 teopemnl YKLL?

7. OuckpeTHaa nocnegoBaTenibHOCTb ObBpasoBaHa MNyTeEM AUCKpeTu3aumm OLHOro
nepuoga rapmMoHun4eckoro konebaHunsa. Yactora guckpetmnsaumm pasHa w/8. Yemy
paBeH KoadppuumeHTt MNP X(0)?

8. UTo noHMmaloT nog TEPMUHOM «anroputm blrd»?
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9. KakoBo obLee KONMYECTBO KOMMMEKCHBIX YMHOXEHUI Npy peanu3aumm 6a3oson
onepauumn «b6abouka»?

10. Kakas onepauma nexuT B OCHOBE MOCTpoeHusi anroputma bBld c
NPOn3BOSibHbIM OCHOBaHWeM (anroputma Kynn — Tbiokun)?

11. MocnegosaTtenbHOCTb y(n) obpasyeTcss Kak pesynbTaT CBEPTKM OBYX
nocnegosatenoHocTen x(n) = (—0,9)n n h(n). Onpegenute Y(z), ecnn H(z) = 1/(1 -
bz-1).

12. Hanante cnekTp gUCKpeTHOW nocrnenoBaTenlbHOCTH.

13. Hangunte cnekTp npousBeneHnsa ABYX OUCKPETHbIX NocrieaoBaTeSibHOCTEN.

14. AHarnoroBbI CUrHanm UMeeT CreKkTpanbHY MNOTHOCTb, PaBHYK HYMO Npu
yacTtoTe Bblwe 50 klMy. OnpegennT 4YacToTy ANCKPETU3aLNMN.

15. Onpepenute YacToTy ANCKPETMU3aUMM CUrHana crioXxHom oopmsil.

16. Hangute cnektpanbHyl0 MNOTHOCTb aMnnNuTyd AUCKPETU3UPOBAHHOIO
TPeyrosibHOro nMmnyrsibca.

17. Onpepgenunte cnekTp OUKPUTU3NPOBAHHOIO MPSIMOYrOSIbHOro MMNYNbCa.

18. BoccTaHoBMTe aHanoroBbI curHan no AUCKPETHbIM oTYeTaMm.

19. Onpegenute aMnnNUTyAHbIA 1 (pa30BbIN CNEKTP OUCKPETHOrO CUrHana.

20. Bblumncnnte aHepruo ANCKPETHOro curHasna B YacToTHoM obnacTu.

21. Hanonte Z-npeobpasoBaHne OUCKPETHOrO curHana.

22. Onpepgenute curHan no Z-n3obpaxeHuto.

23. Hanante gncKpeTHbIN curHan no Z-n3obpaxeHnto MeTOA40M BbIHETOB.

24. Hangute gucKpeTHbIN curHan no Z-n3obpaxeHnto MeToaoM pasnoXeHus Ha
npocTtble gpodu.

25. Hangunte paguyc cxoaumocTun ans AUCKPeTHOro curHana.

26. Hangute KpyroByto CBEPTKY CUrHasOB.

27. OnnwunTe ceBoKrcTBa ANCKpPETHOro npeobpasoBaHnsa dypoe.

28. Hangute  auckpetHoe  npeobpasoBaHMe  dypbe  nepuogmyeckomn
nocrnenoBaTenibHOCTU OTCYETOB.

29. Hangute pguckpetHoe npeobpasoBaHne dDypbe nocnefoBaTelbHOCTH
OTCYETOB OrpaHMYEHHON ONTNTESTbHOCTH.

30. Hangute auckpetHoe npeobpasoBaHne Pypbe curHamna croxHom opmbi.

31. HokaxuTte, 4To KOadhPuumeHTbl psaa KortenbHukoBa s(t), 9TO 3HaYeHUs
CcuUrHasna B MOMeHTbI BpemMeHun t=nTg.

32. HokaxuTe, 4To dyHKUMKM oTcyeToB sinc(t-nTa) u sinc(t-mTpa) opToroHanbHbI
npu n'm.

33. OnpepgenuTte CheKTpasnbHyto NNOTHOCTb nMnysbca, 3alaHHoOro
aHanUTU4eckMm BblpaxxeHnem s(t)=sinc(t-nTpg).

34. [Moyemy HEBO3MOXHO CylLleCTBOBaHME (QYHKLUMU, OMUCbIBalOLLEN CUrHan,
OrpaHNYeHHbIN BO BPEMEHN U UMEKOLLMIA OrPaHUYEHHbIA YaCTOTHbIA CNEKTP?

35. OnuwmnTe KaHOHMYecKyo dhopMy peanusaumm QUCKPETHON Lienu.

36. OnuwmnTe TpaHCNOHUPOBaHHYO POPMY peanusaunun AUCKPETHOW LEerMu.

37. OnuwunTte napanneneHyto opmy peanumsaunm AUCKPETHON Lenu.

38. OnnwunTte nocnegoBaTtenbHyO hopMy peanusaumm JUCKPETHOM Lenu.

39. Onpepenute oTCYeTbl BbLIXOOHOrO CUrHama npu U3BECTHOM pPa3HOCTHOM
ypaBHEHUU 1 BXOLHOM CUrHarne.

40. [MocTponTe cxemMy OUCKPETHOM Lienu No pasHOCTHOMY YpaBHEHWIO.

41. Hangute BbIXOOHOW CUrHam CUCTeMbl C  U3BECTHbIM  Pa3HOCTHbLIM

YpaBHEHUEM MPUN NoAavYe Ha €ro BXo4 AenbTa-nMmnyribca.



42. Hangute pasHOCTHOe ypaBHeHWe Uuenu, nepeaaTodHyo (YHKUUIO W
BbIXOOHOW curHan Ans OUMCKPETHbIX Lenen pasfvyHoro Buaa npuv U3BECTHOM
BXOOHOM curHarne.

43. 3anuwmnte pas3HOCTHOE ypaBHEHMEe AUCKPETHOro UHTerpatopa pasfimnyHoro
BMAa.

44, Onpepenute YCTOMYMBOCTb WM HEYCTOMYMBOCTb LIENW C M3BECTHON
nepenaTtovyHon PyHKUNEN.

45. [MocTponTe AOUCKPETHYK LUenb B napannensHon dopme no W3BEeCTHOW
nepegaTovyHON OyHKLUNN.

46. YTto HasbiBaeTcs nepegaTtoyHon pyHKumen umdpoBoro punbtpa?

47. UTO noHUmMatoT nog onpegeneHneMm «Pusndeckn peanusyembln LpoBon
unbTp»?

48. Kak cBdA3aHbl Mexay cobon KOMMekcHasi 4acTtoTHas M MMMyIibCHas
XapakTepuUCTUKN ANCKPETHOro punbTtpa?

49. KakoB nepnoa KOMMMAeKCHOM YaCTOTHOM XapaKTepUCTUKN AUCKPETHOTO

50. dunbTpa?

51. Kakas  dopma peanumsaumm  uyucposoro  dunbTpa  HasblBaeTcs
KaHOHWYeCKOon?

52. HepekypcuBHbIn ~ (punbTp, npeacTasnsownm  cobon  paBHOBECHBLIN

cymmaTtop 4-x OTCYeTOB, NpefdHasHadyeH Ansi obpaboTknm AUCKPETHOro curHana,
3agaBaemoro 16 otcyetamu. KakoBa AormkHa OblTb pasMepHOCTb (KOSIMYEeCTBO
TOYEeK) AUCKPeTHOro npeobpasoBaHna dypbe npu peanusaumm obpaboTku B
TakoM (punbTpe B YaCTOTHOM 0bnacTun?

53. C kakon [QucKpeTusaumem no 4acTtoTe aHanmaupyeT ChnekTp umndgposon
crekTpoaHanuMsaTop, WCnonb3ywwun anroputMm 256-todedHoro BI1®, ecnu
yactoTa guckpeTtmsaunn AU paBHa 512 kl'y?

54. KakoBa paspewatowaas cnocobHocTb MO 4Yactote (Mo ypoBHw -3 AB)
UMdPOBOro CrnekTpoaHanuMsaTopa, MWCNosnb3ylwero anroputM 256-To4evHOro
BN, ecnu nepuog anckpetnsauum paseH 0,1 Mkc?

55. B 4em 3akntoyaeTcs CMHTE3 HepekypCcuBHbIX LI® meTogom «okHa»?

56. Kakon tvn cunbTpa (Npyn ogMHakoBOM nopsiake) obnagaeTt makcMmarnbHOM
n3dnpaTenbHOCTLO?

57. Uem obbscHAeTcsa aedopmaums wkanbl YacToT NpU CUHTE3e PEKYPCUBHBIX
UM POBLIX PUNBLTPOB METOAOM BUnNMHenHoro npeobpasoBaHns?

58. JInHenHble anckpeTHble PunbTpbl. PasHOCTHbIE YpaBHEHUS.

59. YpaBHeHue umcpoBoro punbTpa B TEpMUHaX z-npeodbpasoBaHus.

60. MMmnynbCcHass M nepefaTtodHasi XapakTepucTuku umdposoro unetpa.
Ycrnosue yCTOM4YNBOCTM.

61. AMNANTYOHO-4acTOTHblE M (Pa30-4aCTOTHblE  XapaKTepUCTUKM  Ongd
OCHOBHbIX KOH(pUrypaumm Hynewn u nositocoB nepeaToyHon OyHKLNN.

62. PacnonoxeHune Hynen nepegatovHon yHkunn KUX-punbTpoB ¢ NMMHeEnHom
daszon.

63. Mpumepbl UndgposbiX GunbTpoB. Lindposon wuHTerpatop. Lindposon
anddepeHumnaTop (NpocTon).

64. TpaHcBepcanbHbI PUILTP.

65. LindppoBble punbTpbl C KOHEYHOW WMMYNbCHOW Xapaktepuctukon (KUX-
dunbTpPbI).

66. Kux-ounbTpbl C NMMHENHOW (pa30BON XapaKkTepUCTUKOWN.



67. PekypcuBHbin MeTon peanusaumm KUX-dunetpoB. MeTog 4acToTHOM

BbIOOpPKN.

68. "peben4vaTbI hUnbTp, KOMMNIIEKCHbLIA pe30HaTop, NON0COBON OUNbLTP.

69. Habop nonocosbix KNX-dunbtpos n ON1NP

70. Kux-dounbTpel ¢ uenbiMm  kKoadduumeHTamn. PunbTp  Tekywiero
ycpegHeHus.

71. LincbpoBble omnbTpbl 6GECKOHEYHOW MMMYNbLCHOW Xapaktepuctukon (BUX-
dunbTpPbI).

72. Hangute KOpPEensaunoHHYH YHKLMIO ABYyX OUCKPETHbIX
nocriegoBaTenbHOCTEN.

73. Onpepenute oTcYyeTbl cuUrHana, KoppensauuMoHHYH (YHKUMIO U MOLLHOCTb
OTCYETOB CuUrHana ans curHana 3agaHHoro Buaa ¢ 3afaHHbIM CNeKTPOM.

74. Onpegenute wvHTepBan AUCKpeTU3auuMuM CryYamHOro  CTauuoHapHOro
npouecca npu ycrnosuu, 4Tobbl oTcHeT OblNIM HEKOPPESTMPOBAHDI.

75. Hangute 4ucnoBsble, BpPEeMEHHble W CheKTpasibHble XapaKTepUCTUKN

BbIXOOQHOW NocCeaoBaTesibHOCTU ANA OUCKPETHOW Lenu ¢ 3agaHHOW UMMNYNbCHOW
XapaKkTepuCTUKOM MpU MOCTYMNSIEHUN Ha €ee BXOA4 3progumyeckoro curHana c
3aflaHHbLIMW NapamMeTpamMu.

76. Onunwmnte mateMaTn4eckyto Moenb WyMa KBaHTOBaHusA. B kakux cnydasx
npoLuecc KBaHTOBaHUSA BXOLHOIO CUrHana He yaoBneTBoOpsieT 3Ton Mmogenun?

77. Ha ckonbko paspsgoB Hago ysenuumntb AL curHana, 4ToObl OTHOLWEHME
Ancrnepcum curHana K gucnepcun WymoB KBaHTOBaHUS yBenuyunoch Ha 18 ob?
78. BunonapHeln aHanoroBbl cUrHan Ha Bxode naTupaspsgHoro AL nmeet
MakcumanbHyto amnnutygy 200 mB. Beluncnute gucnepcuto LWymMoB KBaHTOBAHUS
CUrHana Ha Bbixoge uudpoBoro dunbTpa NepBoro nopsigka, OnucbiBaemoro
Pa3HOCTHbLIM YpaBHEHNEM C KOMMIIEKCHbIM KoadhduumeHTom: y(n) = x(n) + aly(n —

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

79. BunonapHbin aHanoroBbIA curHam Ha Bxode BocbMupaspsagHoro AL
nMeetT MakcumanbHyto amnnutyay 1 B. Bbluaucnute gucnepcuio  LwymoB
KBAHTOBaHWA CuUrHana Ha Bbixoge UuudpoBoro dunbTpa, OMNUCLIBAEMOro
ypaBHeHuem y(n) = 0,8 x(n) — 0,5x(n — 1) + 0,4x(n — 2).

80. BunonsipHbIn aHanoroBbI CUrHan, UMeLWUn MakcumarnbHyo aMmnnuTygy 2
B nocne npeobpasoBaHna B 4eTbipexpaspsagHom AL, noctynaet Ha BXxopg
PEKYPCUBHOIO LMppoBOro ounbTpa NnepBoro nopsagka ¢ koadgpduuneHtom a = 0,5.
[Mocne  yMHOXeHMS  Ha  KOI(UUMEHT  pesynbTaT  3anucbiBaeTcss B
yeTblpexpaspsagHbli pernctp. KakoBa gucnepcus owmnbku curHana Ha BbIxoAe,
00yCrnoBMAEHHOW OKPYriieHMEM MPOMEXYTOUHbIX pe3yrbTaToB?

81. Onpegenute Aaucnepcumio  OWKUBKM BbLIXOAHOMO CUrHana Ha BbIxoae
HepekypcuBHoro LI® 4yeTBepToro nopsigka, OOYCNOBMAEHHYKD OKPYrfieHUEM
pes3ynbTaTtoB YMHOXeHUa 0o 4-x paspsgoB. BxogHom curHan npeobpasoBaH B
yeTblpexpaspsagHom AL ¢ warom kBaHTOBaHusA 0,5 B. KoapduumeHTsl ounbtpa
3agalTca YeTblpexpaspagHbiM BOMYHBIM KOOOM.

82. Uem ob6bsacHaTcs uckaxeHns AUX un OUX Ld npm kBaHTOBaHWUM
KoadppumumneHToB punbTpa?
83. Kakas  dopma peanusaumm  pekypCuBHbIX  (PUIIbTPOB  HanMmeHee

YyBCTBUTEJIbHA K KBAHTOBAHNIO KOS(*)(*)I/ILI,I/IGHTOB?



84. Onpepennte paspsigHOCTb BXOOQHOMO cuUrHana m paspsgHoCTb pPerncTpoB
ornepaTMBHOW MNaMATU MPU M3BECTHOM nepenaTtovyHON (YHKUUM PEeKYpPCUBHOIO
Lumdposoro punsbTpa.

85. Onpepenute paspagHocTb BxogHoro curHana ansa KUX-comnbtpa c
N3BECTHOW UMMYITbCHOW XapaKTepUCTUKOWN.
86. Onpepenute paspagHOCTb PEerucTpoB namatyu ymHoxutenem ans KUX-

UNbLTPOB C  WN3BECTHOM WUMMYNbCHOW  XapaKTepPUCTUKOM U U3BECTHbIMU
napameTpamMmu Wyma Ha Bbixoae punbTpa.

87. Onpegenute pas3psgHOCTb  BXOOHOMO curHama Aans  HepekypCUBHOW
LMpoBOM Lenu ¢ N3BECTHOW NepeaaTovHON OYHKLUMEN.
88. Onpepenute paspsgHOCTb  PErucTpoB  NaMATU  YMHOXUTENeW  Ans

HepeKypCMBHOM UNGPOBOM LEeNn C U3BECTHOM nepeaaToyHon JYHKUuen u
N3BECTHbIMM NapamMeTpamu WyMa Ha Bbixode dpunbTpa.

89. Onpepennte MOLWLIHOCTb COBCTBEHHBIX LWIYMOB, pPaspsgHOCTb BXOAHOMO
cCUrHana W paspagHOCTb  PEerucTpoB  OnepaTUBHOM MNaMATU  PEKYPCUBHOIO
umMcpoBoro cunbTpa C W3BECTHOW MNepedaTOYMHOW (YHKUMEN N N3BECTHbIMU
napameTpamMu BbIXOAHOMO CUrHana.

90. Onpepenute paspagHOCTb KO3 MUUMEHTOB AUCKPETHOM LENM MEeTOOO0M
npob, Npu N3BecTHOM NepenaTovHoOn PyHKUMK 1 norpeHocTn AYX uenu.
91. Onpepenute paspagHOCTb KO3 MPUUMEHTOB  OUCKPETHOM uUenu Mo

BEPOATHOCTHON MOENN Ha OCHOBE (PYHKUMWN YyBCTBUTESNTbHOCTWU, NPU U3BECTHOM
nepegaTtovyHon pyHKUMK 1 norpetuHoctn AYX uenu.

92. Onpepennte paspagHOCTb KO3 MPUUMEHTOB  OUCKPETHOM uUenu Mo
AETEPMUHUPOBAHHOM MOAENn npu  U3BECTHOW nepefaTtodHonM  (PyHKUuKM 1
norpewHoctTn AYX uenu.

93. KakoBo HaszHayeHne npeaBapuTenbHOro unbTpa B NPOCTENLLEN CUCTEME C
NMOHMXEHNEM YaCTOTbl ANCKpPETM3auumn (aeunmartope)?

94. Kakon pomkHa ObiTe KX mgeanbHOro MHTEpPNONAUWMOHHOIO unbTpa B
npocTenLlen cucrteme c NOBbILLIEHNEM 4YacToTbl AnckpeTmnsaumm
(vHTEepnonsaTope)?

95. 3anvwuTte anroput™ paboTbl OOHOPOAHOrO TpaHCBepCanbHOro uIbTpa
TpeTbero nopsiaka npu NOHMWXEHUW YacToTbl AUCKPeTU3aumMm Ha ero Bbixoge B 2
pasa.

96. 3anuwuTe anroputMm paboTbl peKypcMBHOro cunbTpa NepBoro nopsiaka c
KO3 PMLMEHTOM a Mpu MOHMKEHUN 4YaCTOTbl AUCKPETU3aLMM Ha ero BbiIxode B 2
pasa.

97. Kak cBf3aH cnekTp BbIXOOHOrO CuUrHana Komrpeccopa 4acToTbl
ANCKpeTM3auum Co CNeKTpoM BXOLHOro curHana?

98. Kakown curHan HasbiBaeTcs Y3KONOSIOCHbIM?

99. Onpepenute conpsKeHHbIA curHan u ormvbarowyo ONa BewecTBEHHOro
cuUrHana — rapmoHudeckoro konebanus suaa s(t) = cos (2trft + 0).

100. Kakon Tvn guckpeTHOro unbTpa NpUONMXEHHO peanuayeT OUCKpeTHoe

npeobpasoBaHue M'mnbbepta?



