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1 leans padoTnI

N3yueHne METOI0B JUCKPETHU3AIUU PA3IMYHBIX AaHAJIOTOBBIX CUTHAJIOB U
UX MOJICIUPOBAHUE C MOMOIIbIO TTporpaMMbl NIMultisim, mosryueHrue HaBbIKOB
WCITOJIb30BAaHMS JTAHHOW MPOTpaMMBbI JIJIsl aHAJIK3a BPEMEHHON JTHCKPETHU3AIUN
aHAJIOTOBBIX CUTHAJIOB.

2 OcHOBHBIE TeOpeTHYECKHE CBEACHUA

HpOHCCC 3aMCHbI aHAJIOTOBOT'0 CUTHAJIa €ro AUCKPCTHBIMHU OTCUHCTAMMU
OOBIYHO qCpe3 pPaBHLIC IIPOMCIKYTKH BPCMCHH HA3bIBACTCA I[HCKp@THBElHHGfI
CUI'HaJIa I10 BpECMCHU.

OTtcueThl AUCKPCTHOT'O CUTHAJIA OIMPCACICHBI IJIsI JUCKPCTHBIX 3HAUYCHUM
HE3aBUCUMOM HepeMeHOf/'I BpCMCHHU H NPCACTABIAIOTCA IHOCICAOBATCIBHOCTBIO
YUCCII. T&KYIO MOCJICAOBATCIIbHOCTD YHCCII MOKHO 3allMCaThb B CIICAYHOIICM
BUJIC.

u(k) = {u(k)} = 1 ..., u(-2), u(-1), u(0), u(1), u(2), ...}, -0o<k<c.

JIuCcKpeTHBIN cUTHad OObIYHO M300pakaloT B BUAE rpaduka, aHAIOTHY-
HOTO TIpuBeIeHHOMY Ha pucyHke 1, a. Jluckpernsiii curnan u(k) ompenenen
TOJIBKO JIJIS 1IeJIbIX 3HaUCHUH K.
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Pucynok 1 — JIuckpeTHslii curdan (a), IMCKPETHBIA €TUHUYHBIN UMITYJIbC (0),
JTUCKPETHAs eIMHUYHAs UMITYyJIbCHAsT QyHKIUS (B)

U u

Hanpumep, TuCKpeTHBINM €IMHUYHBIA UMITYJIBC (PUCYHOK 1, 0) onpenernsi-
eTcd cienyrouiei hopMyoil:
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1, k= 0:
k) =1 0 k=0.

JluckpeTHas equHUYHAs cTyneH4yartas pyHkuus (pucyHok 1, B) ompene-
JISIeTCA CIETYIOIUM 00pa3oM:
1, k>0:

1) =10k < 0.

WurtepBan BpeMeHu Ty, 4epe3 KOTOPBIM OEPYTCs OTCUETHI AHAJIOIOBOTO
CUTHaJla, Ha3bIBAETCs MEPUOJOM AucKperusanuu. Bennuuna Fy = 1/T; Ha3bl-
BAETCS YACTOTOM IUCKPETU3AUNU. 3HAYEHUS JUCKPETHOTO CUTHAIA B TAKTOBBIE
MOMEHTHI Ha3bIBAIOTCSI OTCYETAMU WJIM BEIOOPKAMH.

J71st TpaBUIILHOTO BBIOOpA YaCTOTHI MJIH MEpUOAa JUCKPETU3AIIUU CIIECTY-
€T HCIOJIb30BaTh TeopeMy KoOTeIbHMKOBA: aHAJOTOBBIM CHUTHAJ, HE COJEpKa-
UM YacTOT BBIME Fp o, MOJTHOCTBIO ONPEAEHSAETCS MOCIEI0BATEIbHOCTHIO
CBOMX 3HAYEHUN B MOMEHTBI BPEMEHU, OTCTOSIIIME IPYT OT APYyra Ha

Ty < V(2F, ).

Ecnu yactora guckpeTusanuu A0CTaTOYHO OOJIbIIas U MPEBBIIIAET Yac-
TOTY aHAJOTOBOTO CHUTHAJIA, TO JMCKPETHBIE OTCUETHI IMO3BOJAT NPABHIBHO
BOCCTAHOBUTH aHAJIOTOBBINA CUTHAJ (PUCYHOK 2, a).

Ecnu yacrora auckperuzanuu HeOOJblIas MO CPaBHEHHMIO C 4YacTOTOM
AHAJIOTOBOTO CUTHAJA, TO B 3TOM CIIy4a€ JUCKPETHBIE OTCUETHI MOTYT HE IO-

3BOJIUTH TIPABMIIBHO BOCCTAHOBUTH aHAJIOTOBBINA CUTHAN (PUCYHOK 2, 0).
u

u

a) 0)

Pucynok 2 — IlpaBusnbHas (a) u HempaBWiibHas (0) AUCKpETU3AMS CUTHATA



5

Ecau gacToTta aHanmoroBoro cUrHaia 3Ha4YUTEIBHO OOJBIIE YaCTOTHI JUC-
KpeTH3alliu, To HaOmoaaeTcsa 3pPEKT J0KHOM YaCTOThI (PUCYHOK 3).

il
TR

PHcyHOK 3 — D¢ddexT 10KHOM YaCTOTHI

L8

Kak BuaHO M3 3TUX rpaduKoB, HEMPABWIBHBIM BHIOOP YACTOTHI AUCKpPE-
THU3AIlMA aHAJOTOBBIX CUTHAJIOB MOXKET MPUBECTH K MoTepe uHbOpMaluu, mo-
CKOJIbKY JUCKPETHBIN CUTHAJ HE YUUTHIBAET MOBEJCHHS aHAJIOTOBOTO CUTHAJIA
B MPOMEXKYTKaX MEXAy OoTcueTamu. Tak, B COBPEMEHHBIX HU(POBBIX ayaHo-
CHUCTEMaxX YacTOTy IMCKPETHU3alMM BBIOMPAIOT C 3allacoM IO OTHOIICHHUIO K
TEOpEeTHYECKOMY npeeny cablmmuMocTd B 20 kI’ paBHou 44,1 wnu 48 kIl 1. B
CTyAMHHOM anmapaTrype OObIYHO MCIOJIB3YIOT YaCTOThI JUCKpeTU3auuu 56, 96
w192 xI'u. DT1o nenaercst A TOro, YTOOBI COXPAHUTh BHICOKOYACTOTHBIC
TapMOHMKHM 3BYKOBOTO CHTHajla, HE BOCIHPUHHMAEMBIEC YEIOBEUECKUM YXOM,
KOTOpBIE BHOCSIT 3aMETHBIN BKJaJ B (hopMHpOBaHUE OOIEH 3BYKOBOW KapTH-
HbI. YacTOTy AUCKpETU3aIU IS TeJIeOHHBIX CUTHAJIIOB BHIOUPAIOT paBHOM &8
Kl 1.

[TomyYuTh QUCKPETHBIN CUTHAJ W3 aHAJIOTOBOTO CUTHAJA MOXHO, IPUMeE-
HUB MPHUHUUII aMIUTUTYAHO-UMITYJIbCHOU Monayisiuuu (AUM). UmnynbcHbIN
MOMYJISITOP MOXHO MPEACTABUTH KaK YMHOXXUTENb C IByMsI BXOJaMU U OJHUM
BbIXOJIOM. Ha mepBeIil BXOJ UMIYJILCHOTO MOAYJIATOPA MOAAETCS aHAJIOTOBBIN
CUTHAJI, TOJICKAIINI TUCKPETU3AIlUK, HA BTOPOX BXOJ - MOCJIEA0BATEILHOCTh
KOPOTKHX CHUHXPOHHU3HUPYIOIIUX WUMIYJbCOB, CICAYIOIIUX BO BPEMEHU YEPE3
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paBHBIE IPOMEXKYTKH BpeMeHHt T (MHTepBan auckperusanun). Ha Beixone o6-
pa3zyercsi AUCKPETHBIM CUTHAJ, BEJIMYMHA BBHIOOPOK KOTOPOTO OYyJIEeT Mpomop-
IIMOHAJIbHA BEJIMYMHE aHAJIOMOBOI'O CUTHAJIA B TOYKAX OTcUeTa (PUCYHOK 4).

u
AHATOTOBBII HANCKPETHBIH

u CHIHAI CHI'Hal ’

0

Cursan kT
0 PN ——, HMITYIIBCHOH
v t u CHHXHOHH3aITHH
0 t

L *

T

PucyHnok 4 — ®opmupoBaHue TUCKPETHOIO CUTHAJIA U3 AHAJIOTOBOTO

MaremMaTtudeckas MOJIeNIb JUCKPETHOTO CUTHAJIa MOXKET OBITh 3alucaHa B
CIEAYIOLIEM BHU/IE:

u(kT) = Y=, u(nT)6(kT — nT),

1, k= n:

rne T'=Ty, AkT —nT) = 0 fesn

3aMeTM, YTO BCE WICHBI JaHHOH CYMMBI TpH N#K paBHBI HYIO.
JIist u3ydeHus: MmocienoBaTeIbHOCTH (POPMHUPOBAHUS AUCKPETHBIX CHUTHAJIOB
IIPOBEJIEM IIPEIBAPUTEIBHBIA pPacyeT IPOLECCa AUCKPETU3ALUN AHAIOTOBBIX
CUTHAJIOB M MOJEIMPOBAHUE IIPOLECCa JUCKPETU3ALMHU € TOMOIIbI0 DBM.

3 3aganue Ha J1a0opaTOPHYIO padoTy

BBIMOSHUTE JUCKPETU3AIMIO aHAJIOTOBBIX CUTHAJIOB (PUCYHOK 5 — 9) Ha
orpeske t = [0; 1] mc, mpu k =0, 1, 2, ...,10, rne k — HOMepa OTCYETOB U MpPHU
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OJIMHAKOBBIX MHTEPBaJIaX MEXKJy MOMEHTaMH BpEMEHH. Pe3ysbTaThl 3aHECTHU B
Tabnuiy 1.

u(t). B
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Pucynok 5 — Jluneiino — nsmensiomeecs nanpsokenue U, (1) = 4t [B]

u,(t), B
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Pucynok 6 — Enuau4nsiii curnan U, (t)=1B
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Pucynok 7 — DxcnioneHumanbueii curuan U, (t) = exp(—4 .10°t) B

u,(t). B
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Pucynok 8 — JIpyxnonynepuoausiii curnan U, (t) = ‘COS(Z?Z ft)‘ B
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Pucynok 9 — Kocunycounansubiii curnan Ug (t) = COS(27Z' ft)B

Tabmmma 1 — PesynbpTaThl pacuéToB

[To mpeaBapuTETLHOMY pacUETy
k t u(t) | u(t) | ug(t) | u,(t) | us(t)
0
1
2
3
4
3)
6
7
8
9
10

JluckpeTnsanys pasaudHbIX AHAJIOTOBBIX CUTHAJIOB OCYLIECTBIISIETCS aM-
IUIMTYIHBIM UMITYJIBCHBIM MoayJisitopoM (AUM) (pucynok 10), peanuzoBan-
HbIM B Tiporpamme NIMultisim.
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Pucynok 10 — @yHKIIMOHANIbHASL CXEMA AMIUTUTYHO — UMITYJIbCHOTO MOy JIsI-
topa: XFG1 — ¢pyHKIIMOHaIBHBIN reHepaTop (MCTOYHUK aHAJIOTOBOI'O CUTHA-
na); Ul — UICTOYHUK CUHXPOUMITYJIBCOB; Al — IBYXBXOJOBBIM YMHOXUTEND;

XSC1 - ocuumnorpad

[TapameTpbl (HYHKIIMOHAJIBLHOTO TEHEpPAaTopa M HCTOYHUKA CHHXPOHM-
yJLCOB HACTPAUBAIOTCS MMOCJIE IETUKa IPAaBOH KHOIIKON MBIIIHU MO UX YCJIOB-
HOMY
obo3HaueHuto (pucyHoK 11).

DyHKUMOHANbHBIA reHepaTop-... = DIGITAL_CLOCK E3

p ]

S Cwvmson | 3xpas | [apameTpel | Busoat | Bapmuast | MonA noms3csatens

= e o
MapameTpbl orHana YactoTa (F): m— Iz -
YacToTa 1 kHz
AnMTensHoCTs AmTenstocTe: 50 %
0 m ——r—— <

AMNMTYAE 10 p 3anepmxa: 01 — -
Crewerme 0 v

Pucynok 11 — HacTtpoiika napameTpoB pyHKIIMOHATBLHOTO T€HEPATOPA
Y UICTOYHUKA CUHXPOUMITYJIECOB

3amyCTUB PEXUM MOJICIMPOBAHUS, C TOMOIIBIO OcIWIIorpada Habroaa-
€M MOCJIENOBATEIBHOCTh CHHXPOUMITYJIBCOB U JUCKPETU3UPOBAHHBINA aHAJIOTO-
BBl CUHYCOMJIAJIbHOTO CUTHAJ (pUCYHOK 12). AHaJOTMYHBIM 00pa3oM MOKHO
UCCIIEN0BATh MPOLECC IUCKPETH3aLUU KYyCOYHO-JIMHEWHO-U3MEHSIOIIETOCS
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HanpsikeHus (JIMH) — TpeyroapHOro curHanga v KyCOYHO-€AUHUYHOTO CUTHA-
Ja, MOJy4aeMbIX OT (YHKIIMOHAJIBHOTO I'€HepaTopa.
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Pucynok 12 — JlucKpeTH3anus aHajaoroBOro CUHYCOMIAILHOIO CUrHaa

[TposiBneHue 3ddekra JIOKHONH 4aCTOTHI UCCICAYETCS C MOMOIIBIO TOH
xKe
cxeMbl (pucyHok 10) mpH yBEIWYEHMH YacTOTHl CHHYCOMAAIbLHOTO CHUIHAJIa
10 30 x[' u 95 k[t (pucynok 13).

Ocuvnnorpadg-XSC1 u |

U SV U U SIS SIS S S S

PassepTra ; Haran B CrapoHM3aLBR
LLikcans 00 Lo 5 WD Lcans S0 W D Fanyor - = A
3anepoxka X o Ceu e Y 1 e EeHMeE T -1 YpoBese w]
T A B/A ASE AC [ DC - AC o DC - O, Hope: ABTO Het

Pucynok 13 — DddekT T0KHOM 4acTOThI



12

CKpUHILIOTHI 3aHECUTE B OTUET M CJIEJIATE BBIBOJ O BO3MOKHOCTH BOC-
CTAHOBJICHUSI JAHHOTO aHAJIOTOBOTO CUTHANIA. J[JIsI KCCeI0BaHUs TUCKPETH3a-
MM AHAJIIOTOBBIX JBYXIIOJYNEPUOAHOTO U IKCIOHEHIHUAIBHOTO CUTHAJIOB HE-
00X0AMMO cOOpaTh BCIIOMOTATENbHBIE CXEMbl ABYXMOIYNEPUOAHOTO BBIMPS-
mutesst (pucyHok 14) u popmupoBatesis SKCIOHEHIIMAIBHOTO CUrHaja (pucy-
HOK 15).

JIByXTHOJMyNEpHUOAHBIA BBIIPSMUTENb COCTOUT M3 TpaHchopmaropa T,
nByx auoaoB D1, D5 u pesucropa R3.
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Pucynok 14 — /IluckpeTusanus AByXIOJYyIIEPHOJHOTO CUTHAJIA
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Pucynok 15 — JIuckpeTusanus SKCIIOHEHIIMAIBHOT'O CUTHAJIA:
1 — Ul, UCTOYHUK CUHXPOUMITYJIbCOB; 2 —UCTOYHUKA ITUTAHUSI;
3 — pesuctop Ha R1 = 10 kOM; 4 — xiirou S1; 5 — kougencartop C2 = 6,2 Mxd;
6 — XSCI1, ocuunnorpad; 7 — Al, 1ByXBX0JA0BBI YMHOKHUTEb
[TomydyeHHbie TpadUKH AUCKPETU3AIMU ABYXIIOIYIEPUOTHOTO M IKCIIO-

HEHIMAJbHOTO CUTHAJIOB B BHUJIE CKPHHIIOTOB 3aHecuTe B oTyeT. Chemairte
BBIBOJIBI O KAYECTBE JUCKPETU3AIMM AHAJIIOTOBBIX CHUTHAJIOB M OILICHUTE Mpa-
BHJILHOCTh BBIOOpA YaCTOTHI M IIEPHOJIa TUCKPETHU3AIIUH.

5 TpeooBanust K 0(pOPMIICHUIO OTYETA 1O BHIMOJIHEHUIO JIA00OPATOP-
HOH padoThI

Otuét nomkeH ObITh 0OpMIIEH ¢ MMOMOIIBIO peaakTopa MS Word, Bep-
cuu 97 u Boie (.doc, .rtf).

[TapameTpbl CTpaHULBIL:

- BEpXHEE moiie- 2 cM;

- HMDKHEE T10J1e- 2 CM;

- IeBOE MoJie- 2 CM;

- mpaBoe noJie- 1 cm;

- nepemet- 0 cm;

- pasmep Oymaru A4;

- pa3auyaTh KOJOHTUTYJIbI IEPBOUM CTPAHUIIBI.

[Ipudt Texcra: Times New Roman, 14 nynkrtoB, uepe3 1,5 unrepnaina,
BBIPABHHUBAHUE 1O MIUPHUHE, NIEpBas CTpoka ¢ orctynom 1,25 cm. Homep cTpa-
HULIBI BHU3Y, CIIpaBa, 14 MyHKTOB.

Hecnoxubie GopMysibl TOKHBI OBITH HAOpaHBI ¢ KJIaBHATYphl U C HUC-
nojb30BaHueM kKoMaH bl «BcraBka—CumBonmy. CrnoxHbie GOPMYIIbl JOJKHBI
ObITh HaOpaHb! B pegaktope MathType 6.0 Equation.

OT4Y€T 10 BHIMIOJHEHUIO JJA00PaTOPHOM paboTe MOHKEH COAEPKATh:

- Ha3BaHUE MPEJIMETA, HOMEP U Ha3BaHUE Ja0OpaTOPHOU padOTHI;

- (haMUIIMIO U MHUITKMAJIBI aBTOPA, HOMEP T'PYIIIHI;

- (haMUIIUIO M MHUITMATIBI TTPENOAaBaTENs;

- 11eJ1b Pa0OTHI;

- IEPEUCHb UCIIOIB3yEMOT0 000Dy I0BAHUS;

- OCJIEIOBATEIBLHOCTD AEUCTBUM MPU MPOBEICHUU UCCIIEIOBAHUM;

- BBIBOJI O MPOJIEIIaHHON padoTe;

- OTBETHI HA KOHTPOJIbHBIE BOMPOCHI;

- JIaTy BBITIOJIHEHUA U JIMYHYIO TOAIHUCH.
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Pe3ynbpTaThl pa3auyHbIX U3MEPEHHN HEO0OXOIWMO MPEICTaBUTh B BHJIC
HECKOJIbKUX CaMOCTOSTEIbHBIX Tabnuil u rpadukoB. Kaxnas Tabiauia U Kax-
IbI TpauK TOKHBI UMETh CBOM 3arojOBOK W MCXOJHBIC TaHHBIC DKCIIEPU-
MEHTA.

[Ipu BBIMOJHEHUM YHUCJICHHBIX PAaCcYETOB HAJIO 3amucaTh (OpMyJTy OIpe-
NENI€MOM BEJIMUMHBI, CJIeJIaTh COOTBETCTBEHHYIO YHMCJIEHHYIO MOJCTAHOBKY M
MIPOX3BECTH BBIYMCIICHMUSI.

6 KoHTpoJIbHBIE BONIPOCHI

1. Kakue cucTeMbl Ha3bIBaIOTCS JUCKPETHBIMU?

2. Kak mpoucxoauT npeodpa3oBaHUe aHAJIOTOBBIX CUTHAJIOB B JIUCKPET-
HbIE?

3. UTo Ha3bIBAIOT OTCUETAMHU AHAJIOTOBBIX CUTHAJIOB?

4. Kak BpIOMpaeTcs BEIMYMHA YaCTOTHI (MIEPUOJIa) AUCKPETHU3AIUHN !

5. [louemy 4acToTy IUCKPETU3ALIUM HEIB3SI BBIOPATh MPOU3BOIBHO?



