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Hean padoThl

[IpuoOpeTeHne HABBIKOB MATEMATUYECKOTO MOJCIUPOBAHUS JIUCKPETUZUPO-
BaHHBIX CUTHAJIOB C MCIIOJIb30BaHKeM mporpammbel Mathcad u uccnenoBanme cBoicTB
CIIEKTPOB TUCKPETH3UPOBAHHBIX CHUTHAJIOB.

Conep:xanue padoThI

1 CocraBnenune B s3bIKOBOM cpene Mathcad mporpammbl miist ompeneneHus
CIIEKTPOB KOHCUHBIX JUCKPETU3UPOBAHHBIX CHTHAJIOB C UCIOJb30BaHUEM (YHKIHUIT
obicTporo npeodpazoBanusi Oypobe.

2 BebluuciieHHE CHEKTPOB JUCKPETU3UPOBAHHBIX CUTHAIOB C JI00ABICHHBIMU
HYJIEBBIMU OTCUCTAMHU.

3 OrieHKa MOJy4aeMbIX PE3yJbTaTOB: BBIBOJBI O CTPYKTYPE CIEKTPOB JUCKpe-
THU3UPOBAHHBIX CUTHAJIOB, O JIMHEWHOCTH CHEKTpPa, 00 M3MEHEHUHU CTPYKTYpPBI CIICK-
Tpa B pe3ybTaTe JOOABICHHS HYJIEBBIX BPEMEHHBIX OTCYCTOB B UCXOTHBII CUTHAIL.

IIporpamma noaAroToBKHU K padore

1. I3yunTh TE€OpETUICCKHE TIOJOKECHHUSI, KACAIOIINECS CIIEKTPOB JUCKPETHUIUPO-
BaHHBIX CUTHAJIOB. O3HAaKOMHTHCS IPUMEPOM IIPOTPAMMBI pacdeTa CIIeKTpa.

2. YSCHUTBD 11eJb U TTOPSA0K IMIPOBECHUS 1a00OpaTOPHOH PabOTHI.

3. O3HaKOMUTBHCS C PAaCUCTHBIMH COOTHOIIICHUSMHU, IIPOBECTH UX aHAJIH3.

4. TloAroToBUTHCS K OTBETaM Ha KOHTPOJIBHBIC BOITPOCHI.

5. [loaroToBuTh O1aHK OTYETA IO padoTe.

1. 3ajaHue Ha MpPOBeAEeHHE UCC/IEAOBAHUA

1. OmnpenenuTs CIEKTPHI TUCKPETHUIUPOBAHHBIX CUTHAIOB Sy, Sy, S3

5,0 =U,, -cos(i—’ft) 5,0 =U,, -cos(i—ft) S, =5,)+5,0)

Ha 3aJ]aHHOM MHTEpBaJIe JJIUTEILHOCTH Ts, Ucmonb3ys GyHkiuo Mathcad 6sictporo
auckpeTHoro npeoOpaszoBanus Dypee fft( ) (BapuanThl 3amaHuil NpenCTaBICHBI B
MPUIIOKEHUN ).

2. JIONOMHUTH CHUTHAJBI S, S; HYJEBBIMU OTCUETAMHU HAa YYETBEPEHHOM HH-
tepBaie 1,=4-Ts . OnpeneauTs COEKTPhI MOJTYYEHHBIX CUTHAJIOB.

3. Cnenath BBIBOJBI U OPOPMUTH OTUET O paboTe.

4. 3ananus npencrasieHsl B [Ipunoxennun A. HoMep BapuanTa COOTBETCTBY-
€T HOMEPY CTYACHTA B CIIMCKE IPYIMIbI, €CIU OTJACIBHO HE OTOBapUBAETCs Mpemno/ia-
BaTeJIeM.

2. Onuca”Huve nopsiikKa pa6éoTbl

PaGoTa BBIOTHSAETCS B CIEAYIONMIEH MTOCIEI0BATEILHOCTH.



1. BriOop mepuona auckperusanuu Ha ocHOBe Teopembl Korenbaukona. Ile-
pUOA JIMCKPETU3AIMU JIOJDKEH OBITh HE OOJIbIlIe TOJIOBHMHBI TEpHOJa CUTHAJIA C
Oosbiiei yacroroit (Hanpumep, 0.27,,,, tne 1,,;, — Iepuoaa curuaga ¢ 0oJblIeH ya-
CTOTOM).

2. HW3MeHeHue rnepuoja JUCKPETU3ALUM JJII COOTBETCTBUS TPEOOBAHMIM all-
TOPUTMOB OBICTpOro mpeobOpazoBanus Dypbe — s peanuzainuu anroputma bIID
KOJIMYECTBO OTCUETOB JIOJDKHO PABHATHCA CTENEHM 1Ba — 2, 4, 8, 16, 32, 64, ...

3. ®opmupoBanue rpaduxos curHanoB. Ha pucynke 1 mpenacrasien mpumep
MOCTPOEHUS TpadrKa TUCKPETH3NPOBAHHOTO CUTHAIA — OTPE3Ka KOCUHYCOUIBI JIJTH-
TEJIBHOCTBIO 8 MCEK ¢ IEPHOIOM 4MCEK M aMIUIUTyAou 3 B.

1. MocTpoeHue rpacMKoOB CUrHanNoBe

AmnmTyza CWHana A=13 MNepwog curnana T = 0.004
T2:=03.T1
JnHTemBHOCTE CH HANOB Ts =2.T Ts =8x 10 3
[Mepiron mic KPETHALMI CHI HATIOR T 4= 0.2-T2
T
KosmiuecTeo 0TCHE TOB CHIHANA ;:L: T_ N = 33333 EBIONpaeM Nn = 64
d T .
Hogeslit nepron AMcKpe THIALMH CHTHAIOE T4 = —5 T4 =125x% 10° !
Curname 3agaHs! HopMyIaMy .
Tt Tt
s1(t) = Al 4:1:5(1-— s2(t) = A2 4:05(2-— s3(t) = s1(t) + s2t)
T . T2
3amaes OHCKPETHYIO MEPEMEHHYEO i=0.N_ -1

I'padic crruana

ﬂlﬁ WT+ Al

U, B

1*Tdn, *0,000125 cek

Pucynok 1 — IToctpoenue rpaduka curnana (Mathcad)

4. OmnpeneneHue CHEKTPOB CUTHAIOB U ¢dopmupoBanue rpadukos. [Ipumep
oInpeJeieHUe CIIeKTpa CUrHaja MpeCTaBIeH Ha pPUCYHKE 2.



2. OmpegeieHHe CHIEKTPOB C HTHAIOB
Japaem curHan 1 B Brpge BekTOpa Sli = 51{ Tdn'i.]
Bemomagem I Spl=fM(51)
OmnpegenseM EoMMYeCTEO EomiMec B oEoaddramenTtos 1D
N, = last(5pl) N =31 k=0.N_-1
157 CneKTpankHsIe NH mcrgm nnvr at
bl Apyra v [pamcer] g ZT 1= 785308
“ T,
ol wme Iy 15
= 48p1k| fl=— fl = 125
= T
a7 5
ki
; : : | | wl
l=— 01=125
0 3 16 24 12 40 e
k
k*125 Hz

Pucynok 2 — I[loctpoenue rpajduxka cnekrpa curnaina (Mathcad)

5. JloGaBneHue HYyJEBBIX OTCYETOB K MCXOJHBIM CUTHAJIaM U (hOpMUPOBaHUE

rpadukoB. [Ipumep popMupoBanus curxasna ¢ 100aBJI€HHBIMUA HYJIEBBIMU OTCUETAMU
MPEJICTABIICH HA PUCYHKE 3

3. IlocrpoenHe "yaaHHeHHOro'" cHrHajIa
JIONIOTHHMMH HCXOOHBIH CHI HA/l HYIAM H:

Ny=4N, j=0.N, XL:=s](Tg i) i=Ny-Ny—1 XL:=0 j=0.Ny—1

Signal

j
*Tdn. *0.000125 cek
Pucynok 3 — IToctpoenue rpaduka "ymiuaennoro” curnana (Mathcad)

6. OmpeneneHre CIEKTPOB CUTHAIA C JTOOABICHHBIMH HYJEBBIMU OTCYETAMHU
u GopMHUpPOBaHUE UX IPAPUKOB.



4. OnpeneeHne COEeKTPOR "yIHMHeHHBIX'' CHIHAJIOB
BrmtonHMM npeoGpazoparie Oypre: c=@M(X1) N:=last(c) N=128 k=0.N-1

Transform

B

k*31.25 Hz
IITS = Tanz T
wl = — wl = 19635
CnekTpansHsIe NWHM OTCTOAT APYT OT OpYyra Ha paf/cex nToT n
5
mmely
wl
= — Ol =3125
n 21_[_ n

Pucynok 4 — INoctpoenue rpaduka crekrpa "ymmnenHoro" curaaia 1 (Mathcad)

Copep:xanue oruera

Otuer no n1abopaTopHOi paboOTe MOXKET OBITh BHITIOJIHEH KaK PYKOIMUCHBIN, TakK

Y C MCIIOJIb30BAHUEM BBIYUCITUTEIHHON TEXHUKH.

B oTyeTe no KOHTPOJIBHOUN paboTe JOKHO OBITH OTPAKEHO:

1. 3anganue (B npuiioKeHUH A).

2. B TeopeTmueckoil yacTu MpeCTaBUTh OCHOBHBIE CBOMCTBA CIIEKTPOB U C-
KPETH3UPOBAHHBIX CUTHAIIOB [1].

3. Oynknuu Mathcad, ucronb3yembie Uisi TOCTPOCHUS rpa)uKOB UCXOTHBIX
TpPEX CUTHAJIOB, a TAaK)Ke caMu rpaduku (mpuMep MpeACTaBICH Ha pUCYHKE 1).

Ocwu rpaduKoB TOHKHBI OBITH 0003HAYEHBI COOTBETCTBYIOIINMHU TIEPEMEHHbI-
MU ¥ YKa3aHbl €IMHULIBI U3MEPEHUHN ITUX MEPEMEHHBIX.

4. T'paduku CIEKTPOB UCXOJHBIX TPEX CUTHAJIOB, (IPUMEP MPEICTABICH Ha
PHUCYHKE 2).

5. T'paduxu Tpex curHajioB ¢ 100aBJIEHHBIMH HYJIEBBIMU OTCUETaMU (TIpUMeEp
MPEJICTaBJICH HAa PUCYHKE 3).

6. I'paduku ceKTpoB TPEX CUTHAIIOB C AJOOABIECHHBIMU HYJIEBBIMU OTCUETA-
MU (TIPUMED MPEICTABJICH Ha PUCYHKE 4).

7. BeiBOIBI 110 pabdore.



KonTpoabHbIe BONIPOCHI

1)  Kak BeiOupaeTcst 4acToTa AUCKPETU3ALNN?

2)  TlosicHute CTPYKTYpy CIIEKTpa JUCKPETU3UPOBAHHOTO CHTHAJIA?

3)  Uro takoe wyacrtora HalikBrcra?

4)  Ha kakoe 3HaY€HHE YACTOTBHI OTCTOST COCEIHWE JIMHWUU CIIEKTpa JIHC-
KpETHOT'O curHasa?

5) Ha kakoe 3Ha4Ye€HUE YaCTOTBHI OTCTOSIT CMEXKHBIC KOIHHU JICTIECTKOB B
CIEKTpe TUCKPETHOTO CUTHAA?

6) B dem 3akimoyaercs sBICHUE aacuHra?
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NPUJIOXKEHHUE A
BapuanTtsl 3a1anus K 1adopaTopHoii padorte

Tabnuua A — BapuaHTsl 3a1aHHi

No Amnaumyoa cue- | Illepuoo cue- | Amnaiumyoa cue- | Ilepuoo cue- | /[numenvHocmo
6ap | mnanal U, , B nana IT,,c |wana2 U, , B nana2 T,, ¢ cuenanos Ts, ¢

1. 1 110° 1 0,17y Ty
2. 2 2.107 15 0,2-Th 15T,
3. 3 410 2 0,371 2T,
4. 1 8-10° 2,5 0,4-Ty 2,0,
5. 2 10° 3 0,571 2,5,
6. 3 110* 1 0,671 Ty
7. 1 210™ 1,5 0,7-T; 1,5T;
8. 2 410™ 2 0,871 2Ty
9. 3 8-10™ 2,5 0,17, 2,0T;
10. 1 110° 3 0,2-Th 25T
11. 2 210 1 0,371 T
12. 3 41073 1,5 0,4-Ty 1,5T,
13. 1 8-10° 2 0,571 2T,
14. 2 10 2,5 0,6-T; 2,0Ty
15. 3 1-10* 3 0,7-T; 2,5T1
16. 1 210 1 0,871 Ty
17. 2 4.10™ 1,5 0,17y 15T,
18. 3 8-10™ 2 0,2-Ty 2Ty
19. 1 1103 2,5 0,371 2,0T,
20. 2 210 3 0,4-Ty 2,5T;
21. 3 410 1 0,571 Ty
22. 1 8-10° 1,5 0,671 15T,
23. 2 10° 2 0,7T1 2T,
24. 3 110 2,5 0,8-T; 2,0T;
25. 1 210 3 0,17y 25T,
26. 2 410™ 1 0,2y T
27. 3 8-10™ 1,5 0,373 15T,




