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OCHOBHI CKOPOY€HHSI Ta MO3HAYEHHSI.

JIZIC — niniifHa iHBapiaHTHA AUCKPETHA CUCTEMaA

AYX — aMIITiTyTHO-4aCTOTHA XapaKTePUCTUKA

OUX — (hazoyacToTHA XapaKTEPUCTHKA.

KUX (a6o UX) — KOMIUIEKCHA YaCTOTHA XapaKTEPHUCTHKA.
H® — uudpoBuii GiabTp

[1® — nepenaBanbHa QyHKIISA

IX — iMIynibCHA XapaKTEepPUCTHKA

ITX — nmepexigHa XapaKTEpPUCTHKA

CIX — ckiHYEHHA IMITYJIbCHA XapaKTEPUCTHKA

HIX — HeckiHYeHHA IMITYJIbCHA XapaKTEPUCTUKA

x(n) (abo x(nT ) ) - BXigHu# quckpeTHuii curnan [P

y(n) (abo y(nT )) — BUXIOHUN AucKkpeTHu# curaan LD
T - mepiox auckperusarii

@, ( fs) - YacTOTa AUCKpEeTHU3aLii

C, - Hyus 11D

p, - nomoc I1P



BcTynHi 3ayBa)KeHHA

[Mukn nmabopatopaux podit mo kypey «lludpoBe oOpoOJICHHS CHUTHATIB» CKIAIAETHCS 3
IeCTH PooiT.

B maGoparopHux poOoTax JOCHIIKYIOTHCS TIIbKH JIHINHI 1HBapiaHTHI (cTarioHapsi) LD,
10 MOXYTh OyTH (I3UYHO peali3oBaHi.

Jns ponmycky no jabopaTopHoi poOOTH CTYAEHTY HEOOXiTHO Mepea KOXXKHOK poOoTOro
BHUKOHATU KOHTPOJIbHE 3aBJIaHHs. SIKIIO 3aB/IaHHS HE BUKOHaHE (HE3a/I0BIJIbHA OIlIHKA), TO CTYACHT
70 JTabOpaToOpHOi POOOTH HE JIOMYCKAETHCS.

O1iHIOBaHHS 3HATh CTYJICHTIB MPOBOAUTHLCS Y BIAMOBIAHOCTI 3 pEUTHHTOBOKO CUCTEMOTO.

JlaboparopHi poOOTH BUKOHYIOTHCSI KOKHUM CTYJEHTOM 1HIMBIAYaTbHO.

Bci maboparopHi poOOTH BUKOHYIOTHCS 13 BUKOPUCTAaHHSM nporpamHoro nakery MATLAB.



JlabopaTopHa po6oTta Ne1

Tema podorn: Hocmimkenns miHiiEMX 1mudpoBux ¢ineTpie (D) mnepmoro Ta

JIPYroro NopsiaKy

Meta podorTu: 1. BusHauuTH Ta AOCTIAMTH OCHOBHI Xapaktepuctuku [{d B "acosiii,
YacTOTHIN Ta Z - 00JIacCTi;

2. Otpumaru HaBUKH poOoTH 3 mporpamMuuM nmakerom MATLAB

2. JlabopaTopHe 3aBJAaHHS

2.1 Tlepen mouaTkoM pPOOOTH HEOOXiTHO CTBOPHTH CBOKO pobody manky. Hasea mamku
MOBUHHA MICTHTH Ha3By TpYINHU Ta Mpi3BUIIE CTyAeHTa. Bci poboui ¢aiinu 30epiraté minvku B
cTBOpeHii maniii. [Ticis 3akiHdeHHs 1abopaTOPHUX 3aHATH IarKa BUAAISIETHCS.

2.2 Hanmcatu nporpamy (TiporpaMu) JUtst pO3paxyHKy XapakTepuctuk LD

a) 3HailTy 3HA4YEeHHs HYJIB Ta MoirociB nepenaBanbHoi QyHkmii (I1D). [ToGynyBaTtn HyIb-
notocHi xapakrepuctuku LId. [TpoananizyBatu GinbTp Ha CTIHKICTS.

0) PospaxyBatm Ta moOynyBaTH IMIOYJbCHY XapakTepuctuky [ID BuKOpUCTOBYIOUU
3BopoTHe z-neperBopeHHs [ID. [IpoananizyBaru Lld Ha cTilikicTh MO OTpUMaHIN IMIYIbCHIN
XapaKTEePUCTHIII.

B) [TobynyBatn AUX ta ®UX 1D

2.3 3axucTuTH 1a00paToOpHy POoOOTY

CTyneHT NMOBHMHEH NPOJEMOHCTPYBAaTH poOOYl MPOrpaMy MO PO3PAaXyHKY XapaKTEPUCTHK
[{®, mokazaTtu po3paxyHKH Ta MOSCHUTH OTPUMAaH1 pe3yJbTaTH.

2.4 3aranpHi 3ayBakKeHHS 10 1a00pPaTOpHOI poOOTH

Bcei xapakrepuctuku [{® HeoOXigHO BUBOIAWTH Ha OAHE TpadiyHe mosie (IUB. METOAUYHI
BKa31BKH).

Bci mporpamu HeoOxiaHO oopmutu y Burisial M-gaiinis cucremu MATLAB.

HeoOxinmHo HamucaTH CcBOi BJacHI HporpaMH, a HE BHUKOPHCTOBYBAaTH (YHKIIT YH

iHctpymentn MATLAB.



Koedimientn L{® y BiAMOBIAHOCTI 13 BapiaHTOM, HaBeAeHi B Tabmuii 1. Homep BapianTa

BIJIMOB1/1a€ HOMEPY CTYICHTA Y CIIUCKY TPYIIH.

Ta6mmms 1
Jlanka 1-ro mopsiiky Jlanka 2-ro nopsiaky

Bap. & & by b, Ch) & a, by b, b,
1 1 -0,8 1 -1,25 1 -0,7 0,49 1 0 0
2 1 0,5 1 0 1 -0,8 0,64 1 -1,25 | 1,5625
3 1 -0,5 1 0 1 -0,7 0,49 1 1 0
4 1 0,8 1 0 1 0 0 0,5 1 0,5
5 1 0,5 1 -0,5 1 0,28 0,64 1 1,2 0,81
6 1 0,5 1 -0,9 1 0 0 0,5 1 -0,5
7 1 -0,5 1 1 1 0,28 0,64 1 1,2 -0,81
8 1 -0,5 1 -1 1 -0,7 0,49 1 -1 1
9 1 0,8 1 0 1 -0,7 0,49 1 1 0
10 1 0,5 1 -0,5 1 0,2 -0,35 1 0 1
11 1 0,5 1 -0,9 1 0,28 0,64 1 1,2 0,81
12 1 -0,5 1 1 1 -0,7 0,49 1 0 1
13 1 -0,8 1 -1,25 1 0 0 0,5 1 0,5
14 1 0,8 1 0 1 0,7 0,49 1 0 0
15 1 0,5 1 -0,5 1 0,9 0,81 1 0 0
16 1 0,5 1 -0,9 1 -0,8 0,64 1 -1,25 | 1,5625

3. MeToan4Hi BKa3iBKH 110 BUKOHAHHIO J1a00pPaTOPHOI0 3aBJIaHHSA

3.1 Pizunuese piBHsHHSA LD

N-1

¥(T)= 3 0= Sa, -],

i=0
a00 B HOPMOBAHMX OJIMHUIISAX YaCy

N-1

¥(n)= 3 bx(n1)- T, yin—k).

i=0

3.2 [1® [[® 3aranpHOTO BHILY

I1® [P nepuioro Nopsaxy




[1® [P npyroro nopsaxky

b, +b,zt+b,z?
H(Z): 10+ 12_1 22_2
a,z" +a,z

3.3 Jlna 3HaxomkeHHs noitociB P, 3HaMeHHUK 11D HeoOXigHO mpupiBHATH 10 Hys. 106
3Haiitu Hyni [1® ¢, npupiBHATH 10 Hy!sa HEoOXinHO uyncenbHUK [1D.

3.4 IMIynbCHOIO XapaKTEPUCTUKOI JIHIMHOI JUCKPETHOI CHUCTEMHU h(nT) HA3WBAKOThH 11
peakiito Ha UUQPOBHA OAWHUYHUN IMITYJIBC 5(nT) P HYIbOBUX NOYAMKOBUX YMOBAX.
(ITepexinHOIO0 XapaKTEPUCTUKOIO g(nT) HA3MBAIOTh PEAKII0 CUCTEMHU Ha HUPPOBUN OAMHUYHUI
CKa4oK ul(nT) TIPU HYIbOBUX NOYAMKOBUX YMOBAX.)

3.5 Immynbcay xapakrepuctuky [I® (mpm BukoHaHHI gaHOi 1abopaTopHOI POOOTH)
3HaXOMSTh 33 JOMOMOTOIO 3BOPOTHOTO Z —reperBopeHHs [1D. AHamiTuaHnid BUpa3 Ui IMITYJILCHOT
xapakTepucTuku L{® pekoMeHayeThCsl 3HaXOAUTH MeToIoM poskiananns [1d Ha mpocti 1podw.

Jlnst 0a30BUX JIAHOK MEPUIOTO TOPSIKY HEOOXiTHO BUKOPHUCTOBYBATH BIIACTHBOCTI Z -

ICPCTBOPCHHA:

HupféFeimmpwwm.

Skuro nmopsinok uncensuuka [1d menme nopsiaky sHamenanka N —1 < M —1, To i MoxHa

M-1
- 1[1 Pz J

A, — koedilieHT po3kiananus npu K —My momroci A = (1— P, 2_1) H (z)

MOJIATH Y BUTIISAI CYMH MTPOCTHX JPOOiB

P, —npoctuit K —it momoc I1D;

z=p
V IbOMy BHINAJKy IMITYJIbCHA XapaKTEPHCTHKA, IK PE3YIBTAT 3BOPOTHOTO Z - IEPETBOPEHHS

[1®, 6yne maTu BUTIISIA
M1
—_— n
=Y AP
k=1
Sxmo mopsiaky YrcensHuKka Ta 3HameHHunka [1® pisai N —1=M —1:

@A e a2

h(n)=A 5(n)+“:Z:1:1A( [



3.6 Jlns toro, moO moOynyBatu Hyjb-miositocHy kapty L@ 3a nmomomoroiro MATLAB

JT03BOJISIETHCSI BUKOPUCTATH KOMaH 1y zplane(num, den).

Ilpuknao BUKOPUCTAHHS KOMaH/IU:

num = [1 1.2 0]; % xoedinientn uncensauka [1D
den =[10.28 0.64]; % xoediientn 3nHameHnHuKa [1D
zplane(num, den)

Pesyrnomam:

0.8 X, -

0.6 y

0.2 i

Imaginary Part
o
T
0
|
|
|
|
|
|
|
|
1

1+ - N

-1 -0.5 0 0.5 1
Real Part

3.7 YactotHa xapaktepuctuka L[[D H(ej@) criBMajzae 3 HOro rnepenaBagbHOK (PYHKIIIEO

H(Z), SIKIO 00JIaCTh 3HAYEHb 3MIHHOI Z Ha KOMIUJIEKCHIM Z — IUIOIMHI OOMEXEHa TOUYKAMH Ha
OJIMHUYHOMY KOJI1 elo:

H (eﬂb) =H (z)

[lefi 3B’s130k jgo3BOJste mpu Bigomid [ID unsxoM migcTaHoBKM Z =€’ orpumaru

z=el®

a"amiTHuHui Bupa3 it KUX y Burmsmi:
N-1 o
biefjla)
jo ) _ i=0
H (e )_ M-1 o
1+ ae
k=1



3.8 11106 moOymyBaTu rpadiku xapakrepuctuk [ qocTaTHRO BUKOPUCTOBYBATH OCHOBHI

komanu rpadgiku MATLAB: stem, plot, subplot, xlabel, ylabel, figure i T.1.

Dpaemenm npocpamu:
% dopmyBanHs TpadikiB
figure (1)
subplot(2,2,1)% mynas-nontocHa kaprta
zplane(num, den)
grid on

subplot(2,2,2)% rpadix AUX
plot(w,h)
grid on;xlabel('w, pax');ylabel('AYX")

subplot(2,2,4)% rpadix ®UX

plot(w,f)
grid on;xlabel('w, pax');ylabel('®4YX")

subplot(2,2,3)% immyibcHa XxapakTepucTuka

stem(n,y(n))
grid on;xlabel('n’);ylabel('h(n)’)

Pesyromam:
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4. KoHTpOJIbHI NMTaHHSA

4.1.ChopmynioBaTd BHU3HAYCHHS TMEPEXITHOI Ta IMIYJIBCHOI XapaKTEPUCTHK JIIHIMHOI
JUCKPETHOI CUCTEMH.

4.2.ChopmynioBaTy BUZHAYCHHS TepeaBaIbHOT (PYHKIIIT JIIHIHHOT AMCKPETHOT CUCTEMH.

4.3.YMOBH CTIHKOCTI JTIHIHHOT JUCKPETHOI CHCTEMH.

4.4.300pa3uTi TIPUKIATU HYJIb-TIOJIOCHUX KapT IS CTIMKUX Ta HECTIMKHUX ITU(POBUX
(UTBTPIB MEPIIOro Ta IPYroro MOPSIKIB.

4.5.300pa3utn MpUKIATN IMITYJCHUX XapaKTEPHCTUK CTIMKMX Ta HECTIMKUX HUPPOBUX
(bUIBTPIB MEPIIOTO Ta IPYroro MOPsIKiB.

4.6.ChopmymnroBatu BuzHaueHHs KUX niHIAHOT AUCKPETHOT CHCTEMH.

4.7 Ilepemiuntu BiactuBocti KUX miHIAHOT JUCKPETHOT CHCTEMH.

11



JlabopaTopHa po6oTa Ne2

Tema poboTu: Pozpaxynok HIX — ¢ineTpiB Ta qOCTiIKEHHS iX B 4aCOBii 00sacTi

Meta po6oTu: 1. BuBuntu cunte3 L{® MeTogoM OiiHIHHOTO MTEPETBOPECHHS
2. BuzHauutH Ta q0CHiIUTA OCHOBHI XapakTepucTtuku L{® B yacoii

oOJtacri

3. 3HaiiTu peakiito GiabTpa Ha 33aHy BXiIHY ITOCHIIOBHICTh

1. lomanine 3aBaaHHA

s nomycky 10 n1abopaTOpHOi poOOTH CTYASHT MOBUHEH BUKOHATH PO3PAaXYHKOBY pOOOTY
«[IpoextyBanns miHiltHEX mHdpoBUX (inETPiB». B poboTi HE0OXimHO po3paxyBaTu IiHIHHHN
uupposuit  pineTp barTepBopTra 13 HECKIHYEHHOIO IMITYJIBCHOK XapaKTEPUCTHKOI METOIO0M
OLTIHIHHOTO TIEPETBOPEHHS.

Howmep BapianTy Ta BUXiIHI AaHi JIsl pO3paxXyHKY HaJa€ BUKIIAIad.

B pesynbrari BUKOHaHHS pOOOTH CTYACHT IIOBUHEH:

1) orpumaru aHamiTHuHui Bupas [1d 3aranpHOro BUmy cuHTe3oBaHoro L[d (Bummcatu

OKpeMo 3Ha4yeHHs KoediuieHTiB ¢pinbrpa a, Ta b, );

2) OTpUMAaTH aHATITUYHUIA BUPA3 PI3HUIICBOTO PiBHSIHHS,

3) oTpuUMaTH aHATITUYHHIA BUpPA3 IMITYJIbCHOT XapaKTEPUCTHKH.

JloBinkoBy iH(opmMamito no cuntedy mudposux HIX - ¢inpTpiB i3 XapaKTepHUCTUKOIO

BarrepBopra MoxHa 3Haiitu B [1-3, 8].

2. JIaGopaTopHe 3aBIaHHSA

2.1  Hanwmcatu mporpamy (mporpamu) s po3paxyHKY XapaKTEpHUCTUK CHHTE30BAHOTO
LD (Bci nporpamu oopmuTH y Burisiai M-gaitnis cucremu MATLAB).

1) 3HaifTu 3HaueHHd HymB Ta mnomtociB [I®. IloOynyBaT HYJIB-TIOTIOCHI
xapakrepuctuku L{®. [IpoananizyBatu GinbTp Ha CTIHKICTS.
2) PospaxyBatu iMmynbcHY XapaktepucTuky LIdD, BUKOPHCTOBYOUM pi3HHUIIEBE
piBHsAHHS, Ta noOynayBatu rpadik. I[IpoanamizyBatu LId Ha CTiMKICTh MO OTpHUMaHii
IMITyJIBCHIM XapaKTepHUCTHUILLL.
3) Tlo iMmynbCHIN XapaKTEPUCTHII OLIHUTH Yac BCTAHOBJICHHS MEPEXiTHOTO MPOoIecy B

cucremi. J[ng 1nporo BH3HAUMTH Ta 3adikcyBaTH HOMEp BiIJIIKY IMITYJIbCHOL
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XapaKTepUCTHKH, IPU IKOMY BOHa criafae Ha — 20 nb Big MakcuManbHOTO 3HaUeHHS (1€
3Ha4YeHHs Oyze HeoOXiaHe /i1l BUKOHAHHS J1abopaTopHoi pobotu Ne 4).

4) PospaxyBaTH IMIYJIbCHY XapakTepuctuky 1@ BHKOPUCTOBYIOYM aHATITUYHHN
BUpa3, OTPUMAHUI B pe3yJIbTaTi 3BOPOTHOTO Z - iepeTBopeHHs [1D.

5) PospaxyBatu mnepeximHy xapakrtepuctuky LD, BHKOPHCTOBYIHOUHM pi3HHIECBE
piBHsHHS, ToOyayBatH rpadik IX.

6) Bci xapakrepuctuku [{® HeoOXinxHO BUBECTH Ha OAHE TpadidHe moe.

2.2 3HaiiTu peakuito (iapTpa HA 3a7aHy BXiJHY NOCTIIOBHICTh, BUKOPUCTOBYIOUH OIEPALIit0
JIHIMHOT TUCKPETHOT 3rOPTKH.
1) CdopmyBaru BXigHYy AUCKPETHY ITOCIITOBHICTh
x(nT)=sin(2zf,nT)+sin(27f,nT),

ne yacrotn f, Ta f, 3HaXOmsATHCS 3 TabmuLi | y BiAMOBIAHOCTI i3 HOMEPOM CTYICHTA B
CIHMCKY TpyIH, Tepiol Auckperw3amii | — y BIAMOBIAHOCTI 13 3aBOAHHSIM [0
PO3PaxyHKOBOI POOOTH.
2) 3HaiiTu peakiito QiIbTpa y(nT) Ha c(hopMOBaHy MOCITIJOBHICTh X(nT) .

3) BuBectu Ha ojHe TpadivyHe MoJie BXiHY Ta BUXiIHY MOCIIT0OBHOCTI.

2.3 3axucTUTH JTabopaTOpHy POOOTY

CryneHT TOBHMHEH NPOJEMOHCTpYBaTH poOoui MporpamMu Ta MOSCHUTH OTPHUMAaHi

pe3yNnbTaTH.
Ta0mms 1.
Ne 1 2 3 4 5 6 7 8 9 10 11
f,, T | 20 400 30 395 35 390 40 385 45 380 50

fy, T | 200 25 205 30 210 35 215 40 220 45 225

Ne 12 13 14 15 16 17 18 19 20 21 22

as Tl | 375 55 370 60 365 65 360 70 355 15 350

fo, Tm | 50 250 55 260 60 300 65 250 70 150 25

13




3. MeTonn4Hi BKa3iBKH 10 BUKOHAHHIO J1a00PaTOPHOI0 3aBAaHHS
3.1  Peakuiro LD y(nT) MOJKHa pO3paxyBaTH SIK IMCKPETHY 3TOPTKY Aii x(nT) Ta

IMITYJIbCHOT XapaKTePUCTUKHI h(nT) bimpTpa

y(nT):mi;oh[(n—m)T]x(mT),

y(nT):ih(mT)x[(n—m)T]

m=0

3.2  Pi3auuese piBusHHs LD
N-1 M-1
y(nT)=> bix{(n-iJT]-> a,y[(n-KkJr],
i=0 k=l
a00 B HOPMOBAHUX OJUHUIISIX Yacy

¥(n)= (1)~ T, yin—k).

k=

3.3 [1® D 3aranbHOTO BUILY

3.4 Jlna 3HaxoKeHHA MOMIOCiB P, 3HaMeHHMK [I®D HeoOXigHO NPUPIBHATH HYIIIO.
Bianosinno, 106 3naiitu Hyii [1® €, npupiBHATH Hym0 HeoOXinHO yncenbHUK [1D.

3.5  IMmynapCHOIO XapaKTEPUCTUKOIO JIHIMHOI JUCKPETHOT CHCTEMHU h(nT) Ha3UBAaKOTh 11
peaKIlio Ha HUPPOBUIA OTMHUYHUM IMITYJIBC O (nT) IIPU HYIbOBUX NOYANKOBUX YMOBAX.

[TepexigHOIO XapaKTEPUCTHKOIO g(nT) Ha3UBaIOTh PEAKIII0 CHUCTEeMH Ha HHUPPOBHIMA
OJMHUYHHIA CKa4oOK U (nT) IIPU HYIbOBUX NOUAMKOBUX YMOBAX.

3.6 ImnynascHy abo mnepeximHy xapaktepuctuku LI®, mpu BukoHaHH1 Ja00paTOpHOT
po0OTH, MOKHA 3HANTH 3a JOMOMOI'OI0 PI3HUILIEBOIO PIBHAHHSA (€KCIIEPUMEHTAIIBHO), IIPHU IIbOMY Ha
BXIJl CUCTEeMH HEOOXIJHO TOJaTH BIAMOBIAHUN curHaN (chopMyBaTH BIIMOBIIHY TOCIIIOBHICTD
x(n)=6(n) a6o x(n)=u(n)).

3.7  AHamiTHYHI BHUpa3d IMIYJIbCHUX XapaKTEPUCTUK IHIHHUX IUCKPETHUX CHCTEM
3HaXOAThCA 3a JOMOMOror0 3BOpOoTHOTro Z —mneperBopeHHs [1®. Bupas mis [1d ta xoedinientn
¢binbTpa CTYACHT OTPUMYE ITiJ] YaC BUKOHAHHS PO3pPaxyHKOBOI poOOTH.

JJig TaHOK MEepIIOro MopsIKy HeoOX1JHO BUKOPUCTOBYBATH BJIACTUBOCTI Z - MEPETBOPEHHS

Ta BBaXXaTHu BiI[OMI/IMI/I 3BOpOTHi NEPCTBOPCHHA 0a30BUX JIAHOK IEPUIOTro MOPSIIKY:

14



1 =z n
:—1—az‘1 «——>h(n)=a"u(n).

H(z)

ITin uac BUKOHaHHS JsaboparopHoi poOOTH aAHANITUYHMNA BUpa3 A IMITYJIbCHOL
xapakTepuctuku L{® pexoMeHayeTbCsl 3HaX0AUTH MeToIoM poskiananHs [1d Ha mpocTi 1podu.
SIkmro nmopsinok yucenbHuka [1® menme nopsaaxy snamennuka N —1 < M —1, to i MoxHa

MOAATH Y BUTJISIII CYMHU MPOCTHX JPOO0iB

Iﬂﬂ=§1ﬁ%:

p, —npoctuii K —it nomoc [1D;

A, — xoediuieHT po3kiaganus npu K —my momoci A = (1— pkz‘l) H (z)

z=p
Y ObOMY BUIIAJIKY iMHyﬂLCHa XapaKTCPUCTHKA, AK PpE3YyJIbTAaT 3BOPOTHOI'O Z- MEPpETBOPCHHA

[1®, Gyne maTH BUTIISA
M-1
h(n)=> Anp.
k=1
ko mopsaku yrcenpbHuKka Ta 3HameHHuka [1® pisai N —1=M —1:

M-1 b
H(Z)= A+ Y| T | e A =2

k=1 1- pkz_ -1
()= A, 5(n)+ 2 AP

4. KOHTPOJIbHI MUTAHHS

4.1 TlosicHuTHu MocHiAOBHICTE cMHTE3y L[® MeTogoM O1iHIIMHOTO epeTBOPEHHH.

4.2 OcobimBocTi MeToay cuaTe3y L{® MeTooM OUTIHIHHOTO TEPETBOPECHHSI.

4.3 ChopmymroBaTi  BH3HAYEHHS TEPEXiAHOI, IMIYIbCHOI  XapaKTEPHCTUKHA  Ta
nepeaaBagbHOI QYHKILIT JIHIHHOT TUCKPETHOT CUCTEMHU.

4.4 3anucaTy B 3araJIbHOMY BUIJISLI JIiHIHHE PI3HUIIEBE PIBHSIHHSL.

4.5 TlepepaxyBatu 06a30Bl1 omeparii, 1110 BUKOPUCTOBYIOTHCS MpPH peaiizaiuii JiHIHHUX
1 (ppoBUX QIIBTPIB.

4.6 SIKk MOXIMBO EKCHEpUMEHTAIbHO BHM3HAYUTHU IMIYJIbCHY Ta MEpexiaHy
XapaKTepUCTUKH DIIbTPY?

4.7 YMOBU CTIHKOCTI JIIHIHHOI TUCKPETHOI CUCTEMH.

4.8 300pa3uTH MPHUKIAIN HYJIb-TIONOCHUX KapT IS CTIHKAX Ta HECTIMKUX IH(POBHX
(bUIBTPIB MEPIIOTOo Ta IPYTroro MOpsKiB.

4.9 300pa3uTu NpUKIaaAW IMIYJIbCHUX XapaKTEPUCTHK CTIMKMX Ta HECTIMKHMX HHU(POBUX

G1IBTPIB MEPILIOTO Ta JPYTOro NOPSIKIB.
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JlabopaTopHa po6oTa Ne3

Tema podorn: JlocnipkenHs NiHiHHX nu(poBUX QUIBTPIB B 4aCTOTHIN 00acTi

Meta po6oTu: 1. Jocmiautu B 9acToTHid o6macti mudposuit ¢pinstp (LP), mo Oys
CIIPOCKTOBAHUH B JJabopaTopHii podoTi Ne2;
2. BuzHauuTH Ta po3paxyBaTH aMIUNTYyAHY Ta (a3oBy 4YacCTOTHI

xapakrepuctuku [1® pizHuMU MeTOTaMU
1. BaraabHi 3ayBaxkeHHsI

Jlaboparopua poboTa Ne3 Ga3yeTbcs Ha po3paxyHKax Ta pe3yibTarax, o OyJau OTpuMaHi B
PO3paxyHKOBIi# po0OOTi Ta 1abopaTopHiii poOoTi Ne2.

[Ipu BuKOHaHHI pPOOOTH CTYACHTY HEOOXiTHO TMOPIBHATH KOMIUIEKCHI YacTOTHI
xapaktepuctuku (KUX) anamoroBoro ¢inprpa - mporoturny ta pospaxoBanoro LId, a Takox
nopiBasaTH AUX Ta @UX LD, mo Oynu oTprMaHi ABOMa Pi3HUMH CIIOCOOAMHU:

- Iepex0/I0M Bif BimoMo1 nmepeaaBaiibHO1 GyHKil LD no fioro KUX;

- pospaxynkom KUX, sk BigHOmeHHst peakmii [[D y(n) Ta KOMIUIEKCHOI TapMOHIYHOT

aii (n) :
2. JlabopaTopHe 3aBIaHHS

2.1  TlopiBusaaas AUX Ta @YX ananorosoro ¢piasTpy-npototHiy Ta LId

1) Kopucryrounch aHamitiaauM Bupasom 1t KUX 1D, pospaxysatu nopmosarny AUX Ta

OUX D B cmysi vacror @ = 0...f; (abo @ = 0...2 7).

2) BUKOpPHCTOBYIOUM pE3yJIbTaTH PO3PaXyHKOBOI poOOTH Ta jabopaTopHOi podoTr Ne 2,
po3paxyBatu Hopmosany AUX ta ®UX aHanorooro QiuibTpy-npoToTHiy. Po3paxyHku MpoBeCTH B
cmysi @ = 0...f, (abo @ =0...2 7).

YV pasi Heobxiomocmi nomouny uacmomy amano206020 ¢hitbmpa nompioHO HOpMYeamu
6i0HOCHO yacmomu ouckpemusayii fo [[P.

3) IMooynysatit AUX I[D Ta aHamoroBoro GpuIbTPY-IPOTOTUITY HA OAHOMY rpadiky.

4) TTooynyBat @UX LD Ta aHamOroBOro GiITpy-npoTOTUITY HA OTHOMY Ipadiky.
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5) [IpoananizyBaTu oTpuMaHi pe3ynbTatu. Bei oTpumMani rpadiku HeoOXiTHO pO3MICTUTH Ha

OJTHOMY TpaiuHOMY TMOJI.

2.2  ExcnepumenranbHe BuzHaueHHS AUX ta ®UX LD

1) Hamucaru nporpamy i po3paxyHky Hopmosanoi AUX ta ®UX D, 110 BU3HAYAIOTHCS

SK BIIHOIICHHS peakili ¢iuibTpa y(n) JI0 TapMOHIYHOI ii x(n) Po3paxyHOK BUKOHAaTH B
pianasoni yacror@ = 0...f; (abo @ = 0...2 7).

Pozpaxynok mnpoBogutu s ycraienoro pexumy L. KinekicTe BijnikiB 4yacy, Mo
BPaxOBYIOTHCSl B PI3HUIIEBOMY PIBHSHHI JJIsl 3aKiHYEHHS MEPEXiIHUX MpoueciB y ¢inbTpi Oyna
BU3HaYeHa B JabopaTopHiit podoti Ne 2 (auB. 1 2.1).

2) Iobynysatu rpadiku orpumanux AUX ta ®UX L[D.

3) IlpoanasizyBaTi OTpEMaHi Pe3yJIbTaTH, MIOPIBHSITH 3 pe3yIbTaTaMH OTPUMAHUMHU B 11 2. 1.
3. Meroau4Hi BKa3iBKu

3.1  KYX anamoroBoro ¢igbTpa HEOOXiTHO OTPUMATH 3 BHpa3y UId HOro nepeaaBaibHOI
bynkmii K ( p) , iIka Oyna po3paxoBaHa MPU BUKOPUCTAHHI METOAY OULTIHIMHOTO MEePEeTBOPEHHS IS

npoektyBanHs L{® (1uB. po3paxyHKOBY poOOTY).
3.2 B yactoTHIif 00:1aCTi OCHOBHOIO XapaKTEPUCTHKOIO JIHIHHOI TUCKPETHOI CHCTEMH €

300pakeHHs Dyp’e IMIYIBCHOT XapaKTEPUCTUKU:

H(e™" )= i h(nT e " .

n=0
qDYHKI_IiH H (€]a)T) HA3UBA€THCA KOMIIJICKCHOIO YaCTOTHOK XapaKTCPHUCTUKOIO (360 IIpoCcTO

YaCTOTHOIO XapaKTepI/ICTI/IKOIO) ,ZLI/ICerTHOi CUCTCMHU.

Z[J'ISI HOPMOBAHUX BCIIMYHNH MOKEMO 3aIlMCaTu

H(ej[b) = ﬂi}h(n)eywn :

3.3  Kommekcny ¢pynkmiro H (ej"") MO>KJIMBO BUPA3UTH 4yepes3 il MOAYNb Ta apryMEeHT:

H (e"”"): ‘H (ej”A’le“’"g{H ) = Al
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Monayas KUX Ha3uBaloTh aMILTITYAHO-YAaCTOTHOIO XapakTepuCTUKOIO (AUX) :
A@)=|H(e),

a apryMmeHT — (a304acTOTHOIO XapakTepucTukoro (PUX):

olo)=agH(e")).

3.4  Yacrorna xapakrepuctuka [[® H (ej‘z’) CHIBIIJa€ 3 OTro MepeaBaIbHO QYHKIIIE

H(Z), SIKIIO 00JIaCTh 3HA4YEHb 3MIHHOI Z Ha KOMIUIEKCHIM Z —IUIOIIMHI OOMeE)XeHa TOYKaMU Ha
OJMHUYHOMY KOJTi € :

H (ej‘b) =H (z)

Lleit 38’430k mo3Boisie mpu BigoMmid II® wnwisxoM migcraHoBku Z=e€'” orpumaru

z=el?

anamiTnuHui Bupa3 it KUX y Burmsmi:
N-1
b
jo)_ -0
Hle)= R
1+> ae™
k=1

o lio

3.5 KUX o¢inpTpa MOXKINBO BUSHAYUTH SIK BIIHOIIEHHA 300paxkenb Dyp’e peakii Ta Ail

IIpH HYJIBOBUX IMOYATKOBHUX YMOBAX:

P ~—

H(ei’?’)_ Y(ej”}

e X (ej”}): X (ej(”T ), Y (ej‘?’) = Y(ej"’T) - 300paxkxenHss Dyp’e aii Ta peakiii BIAMOBIIHO.
3.6  YacroTHy XapakTepHUCTUKY JiHIHHOTO [[® Takok MOKJIMBO 3HAWTH SK BiTHOIICHHS

TapMOHIYHHUX CUTHAJIB — Jii x(n) Ta peaxuii y(n) B YCTaJICHOMY PE&XHMi (EeKCIIepUMEHTaIbHUI

MeTOoN):
()= 1) _S, ip@rea]
o), ©
x(n)zCIe-m’" z

. o . o jon
Peakuis LD y(n) HAa KOMIUIEKCHAW TapMOHIYHUN CHTHAI x(n) =e 3HAXOJIUTHCA 32
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JIOTIOMOT 010 Pi3HUIIEBOTO PIBHIHHSA

N-1

¥(n)= 3 (1)~ T2,y —k).

i=0 k

KinpkicTh BiJUTIKIB 4acy, IO BPaxOBYIOTHCS JUIsl KOXKHOI YaCTOTHOI TOYKH OJHAKOBA Ta
BUOMPAETHCS 13 YMOBH 3aKiHUEHHS nepexignux mnporecis y L{D.

3.7  KomruiekcHUI rapMOHIYHHUMA BX1THUH CUTHAJ MTOJAETHCS Y BUTIISII:
; T . .
x(nT) =C e =C, cos(27rnf/fs) +JC, sm(Zﬂnf/fS) ,

ne f, —wuactoTa aucKperu3anii.

[lpu BUKOHAHHI POOOTU PEKOMEHJYEThCS TIPUAHATH aMmIuiiTyay curdany C. =1 B. fkmo

MIPOBOJIUTH PO3PAXyHKH BHUKOPHCTOBYIOYM HOPMOBAHY YacTtory @ = w1 = 27zi, TO BXIJTHHMA
S

jon
CUI'HAJI MOXXKHaA 1mogaTtu siK T (n) =€

Ilepen moyaTtkoM poOOTH HEOOXiZHO BH3HAYHTHCH — $IKY, HOPMOBAaHY YU He
HOPMOBAaHY, 4YacTOTy Oyae BHKOPHCTAHO i BCi NOJAJbIII PO3PAXYHKHM IPOBOAUTH Yy

Bi/INOBiAHOCTI i3 BUOpaHUM BapiaHTOM.

4. KoHTpOJIbHI NUTaHHSA
4.1 TlepepaxyBatu ocHOBHI ocobauBocti AUX Ta PUX niHIMHOT IUCKPETHOI CHCTEMH Yy
MOPIBHSHHI 13 IIUMH XapaKTEPUCTHUKAMU aHAJIOTOBOI CUCTEMH.
4.2 SIx MOXIJIMBO peaii3yBaTH Hepexil BiJ mepeaaBanbHOi (GyHKIIT JiHIHHOI TUCKPETHOI CHCTEMHU
1o i1 AUX ta dUX?
4.3 Sk excnepumenTanbHo BU3HaunTH AUYX Ta UX L[D?

4.4 TlepeniunTy BIACTUBOCTI JIIHIMHUX TUCKPETHUX CUCTEM.
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JlabopaTopHa po6oTa N24

Tema podorn: CTpyKTypHI CXeMH JTiHIHHUX TUPPOBUX PLIBTPIB

Meta poo6oTu: 1. BuBuntu cTpykTypHi cxemu L{D;
2. IloOGymyBaTtu CTPYKTYpHI cXeMu QUIBTPIB, CHPOSKTOBAaHUX B

PO3paxyHKOBIii poOOTi, BU3SHAUUTH IX XapaKTEPUCTUKH

1. 3araabHi 3ayBaxkeHHsI

JlaGopaTopHa po6ota Ned GazyeThcs Ha po3paxyHKax Ta pe3yibTaTax, 1o OyJIu OTpuMaHi B
PO3paxyHKOBi# po0OOTi Ta T1abopaTopHiii poOoTi Ne2.

[Ipu BUKOHAHHI POOOTH CTYIEHTY HEOOXITHO MOOyayBaTh CTPYKTypHiI cxemu [ID 3a
nornomoroto po3mmpeHHss MATLAB — Simulink Tta po3paxyBaTtu iMmysiabCHI XapaKTEpUCTUKU

GbiTbTpiB.

2. JlabopaTopHe 3aBJaHHSA

2.1  TIlobynyBatu crpykrypHi cxemu LD 3a momomororo posmupenHs MATLAB —
Simulink.

1) IloGynyBatu mpsimy CTpykTypHy cxemy LI®. 3HaliTH IMOYIbCHY XapaKTE€pPUCTUKY
¢inbTpa.

2) IloGyayBaTu TmipsiMy KaHOHIYHY CTpyKTypHY cxemy LI®. 3naiitu immynbcHy
XapaKTepUCTHUKY (DIIbTpA.

3) [loGynyBatu kackamHy CTpyKTypHy cxemy L[®D. 3HailTH IMIyJIbCHY XapaKTEPUCTHKY
¢ibTpa.

4) IloObynyBaTu napayenbHy CTPYKTYpHY cxemy LI®D. 3HailTu iMIylbCHY XapaKTepHCTUKY
¢binbTpa.

5) IopiBHATH iMITyNIbCHI XapakTepucTUkH LId, oTpumani 13 pi3HUX CTPYKTYPHHUX CXEM.

2.2  llepeBiputu OTpHUMaHi pe3yabTaTH, PO3PAXyBaBUIM IMIYJIbCHY XapaKTEPUCTUKY

¢inpTpa 3a qonomororo inctpymenra MATLAB - Filter Design and Analysis Tool fdatool.
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3. MeToau4Hi BKa3iBKu

CrpykrypHa cxema (cTpykrypa) LID BimoOpaxkae alnroputm po3paxyHKy peakiiii. AJIropuTM
PO3paxyHKyY peakilii 3amaeTbes Oesnocepeanno PP, i B ibomy cenci ctpykrypa L{® BigoOpaxae PP.
Anroput™m po3paxyHKy peakiii mo PP 6a3yeThcss Ha BUKOHAHHI TPHOX THITIB OIEpAIiid 3
Bi/IJTIKAMYU CUTHAITY:
e 3arTpUMKH Ha Mepioj Juckperusarii T
e JlepeMHOKEHHs HAa KOHCTaHTY
e AureOpaiuHOro CKJIaJaHHS
Ha ctpykTypHiii cxemi iM y BiZIIIOBIHICTb CTABUTHCS TPU BUIU €JIEMEHTIB:
e EJIEMEHT 3aTpUMKHU
e [loMHOXYyBau
e Cymatop
Crpykrypa LI® Mosxe OyTH peanizoBaHa armapaTHO Ta MPOrpamMHo. B mepmoMy BUMaaKy — y
BUTJISIAI CHENialli30oBaHOTO LU(POBOTO MPHUCTPOI0 HA IHTETPATBHUX JIOTIYHUX €JNeMEHTaX, Y
IpyromMy — y BUIJISAI IpOrpaMu Ha KOMIT IoTepi abo Ha nudpoBoMy CHUTHAIBHOMY mpoiiecopi. B

JaHWi Yac IporpaMHa peasizallis mepeBaxac.
3.1 Crpykrypa pexypcuBHuX LD

PexypcuBaum LI® BianmoBifawTh TpU OCHOBHUX BUAM MaTeMaTH4HOro 300pakeHHs [1D
H(2):
e J[piGHO-palioHaNbHE;
e JI0OyTOK MHOXHHKIB IPYTOro MOPSIKY;
e CymMma apo0iB Ipyroro MopsKys;
SIK1 BU3HAYAIOTh TPH OCHOBHI CTPYKTYPH:
o Ilpamy;
e Kackanny (mocminoBHy);

e [lapanenshy.
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3.1.1 IIpsima cTpyKTypa

[Tpsima cTpykrypa Bu3HauvaeThes 11D H (Z), 300pakeHil B qpiOHO-palliOHaIBLHOMY BUTJISI

(B 3araJIbHOMY BHIJISI):

Ta B1I0Opaka€e Pi3HUIICBE PIBHSHHS
N-1

¥(n)= 300 -1)- Sa,(0-k).

i=0

Ha puc. 1 npuBeneHa npsima CTpyKTypa JaHKU 2-I0 NOPSIKY,

H(E)= LR y(n)= ()« b1 b —2)-ay(n-2)-a,y(n-2)

x(n) y(n)

A
»

Pucynok 1

CTpyKkTypy Ha3MBaIOTh KAHOHIYHOIO, SKIIO KIUIBKICTh €JIEMEHTIB 3aTpUMKH B HId

MiHiManbne Ta JOpiBHIOE mopsanky [P — max{(l\/l —l),(N - )} PosrisiHeMo mpukiiag Takoi

CTPYKTYpH.

3.1.2 KaHoHI4HA TIpsiMa CTPYKTYpa

[IpsiMa KaHOHIYHA CTPYKTypa BHM3HAUYA€THCA EKBIBAIEHTHUM NogaHHAM [ID y Burmsmi

n00yTKy aBox I1®D (3MeHITyeThCsl KUTBKICTD JiHIHM 3aTPUMKH )

0JIHA 13 SIKMX OIHCY€E PEeKypCUBHY yacTuHy L{D
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a ipyra — HEpeKypCUBHY
N-1

Hz(z):\%z Dbzt

1D Hl(z) Ta HZ(Z), BIZITOBIHO 13 BU3HAYEHHIM, BilNOBina0Th PP

M-1

v(n)=x(n)- > av(n—k),

1

=~
1

N-1

y(n)=2>_bv(n-i)
i=0

10 BiTOOPaKy€eTHCS Y BUTIISAL IPSIMOT CTPYKTYPH.

[1® Ta PP nanku 2-ro nopsaKy MarTh BUIJISA

B 1

l+azt+az’

v(n)=x(n)-av(n-1)-ay(n-2)

y(n)=byv(n)+bv(n-1)+b,v(n—2)

(bo +hz ™+ bzz‘z)

x(n) vin) - A v(n)

>

g

Pucynok 2
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3.1.3 Kackanna cTpykTypa

Ak Bigomo 1D moxHa MogaTH y BUTIISAAL JOOYTKY

N-1 N-1 N-1

Ybz' b[](-cz?) b [ [(1-cz )
H(z)=—%—=—3 =5 :
1+yaz* a[](1-pz?) (1-pz?)
k=1 k=1 a1 kAl

B 3aranpHOMY BHIagKy sSK HYJIl TaKk 1 MOJIOCH € KOMIUIEKCHO-CIPSDKCHUMU YHUCIIAMHU.
[lomapHo mEpPEeMHOXKUMO HAMMOPOCTIII MHOXXHUKA 3 KOMIUIEKCHO-CIPSDKEHUMHU HYJISMH B
YUCEJIbHUKY, Ta KOMIUIEKCHO-CIPSDKEHUMHU MOJIOCAMM B 3HAMEHHHMKY. TakuM 4YUHOM MH
oTpuMaeMo Bupas ais [1d H (Z), [0 MOJIaHa y BUIIISLAI JOOYTKY MHOXKHUKIB APYroro MOpsaKy 3

TiHCHUMH Koe]illieHTaMu:

-1 -2
ka l1+a,7" +a,z2

()= [T wo(o)=fi BB el

ne by, by, by, a,, a, - naiicui koediuienty, a K - KinbKicTb JIaHOK 2-TO MOPSAKY.
Slkmo N -1 ta M —1 — HemapHi, TO OAWH i3 MHOXHHUKIB Oyse Haimpocrimmm b, =0,
-1
VA
l+a,z
[Ipu npsimiii cTpyKTypi Beix naHok aanomy Buny [1® Bignosinae cucrema PP
Vl(n) = b01x(n)+ bllx(n _1)+ bZlX(n - 2) - allvl(n _1)_ a21V1(n - 2)
Vv, (n) = bOZVl(n)+ blZVl(n _1)"' b22vl(n - 2)_ a;,V, (n _1)_ ay,V, (n - 2)

y(n) = bO,K—lVK—l(n)Jr bl,K—vi—l(n _1)+ bZ,K—lVK—l(n - 2)_ ai,K—ly(n _1)_ aZ,K—ly(n - 2)
3 Kol BHILIMBaE, 1o peakiis K -i manku, k=12,..., (K —1), € Qi€ it (k +1) -1 JaHKH,
TOMY JIaHa CHUCTEMa 300pa)XyeThCS KACKaTHUM 3’€THAHHSAM PEKYPCHBHHX JIAHOK 2-TO TIOPSAKY

(6ixsaopammuux 610Ki8) — KACKAOHOIO CHIPYKIYDOIO.

x(n) v, (1) v, (1) y(n)
— H® M Hy(2) | H,(» |

Pucynoxk 3
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3.1.3 ITapanensHa cTpyKTypa pekypcuBHoro LD

[1® moxe OyTu To1aHa y BUTIISLI CYMH €JIeMEHTapHHUX JIPO0iB.

rp A)=£ (axmo N -1=M -1)
“ a

M -1

M-1
H(z)= A+ — e A =(1-p,2 )M (2)
k=1 +7 pkz
Sxkmo N-1<M -1

H(2)=3 D

-1
k=1 1- Pz
HOHapHO CKIIageMo ,Z[pO6I/I 3 KOMINICKCHO-CIPSKCHUMH ITIOJIOCAMH Ta OTPHUMAEMO BHpPaA3

s [1d H (z), MOJIaHil y BUIJISIIIL CyMH JPOOiB IPYroro MmopsiAKy 3 JiHCHUME KoedimieHTaMu:

H<z>=§Hk<z>=i[ by +by 2 J

-1 -2
7 wa\1+a,z7 +a,z

ne by, by, a,, a, - ailicui koedinienty, a K - KinbKicTb JIAHOK 2-TO MOPSAKY.

Sxmo N—1=M —1 H(Z)=A)+i( Dy +by, 2 J

-1 -2
a\1+a,z27 +a,z

PP, mo BignoBimae qanomy Buy [1D
K
Y(n) = ka (n): ac Vi (n) =Dy, X(n)+ by, X(n _1)_ ay Vi (n _1)_ Ay Vi (n - 2) .
k=1

I3 PP BumnmmBae, mio mist JUis BCIX JJAHOK OJHAKOBA, a pEakKIis JOPIBHIOE CyMi peakmii
OKpEMUX JIaHOK, ToOMY AaHe PP BinoOpaxyeThcs napajieIbHUM 3’ €JHAHHSIM PEKYPCUBHHUX JIAHOK 2-

r'0 MOPAAKY — NAPaAleibHOW CMPYKMYpPoio.

4] (n)

H:(Z)

— e H,(2)

H3(Z)

Pucynok 4
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3.2 Ctpykrypu HepekypcuBHUX LD

Hepexypcuaum 11D BiamoBigaroTh B2 OCHOBHUX BHIM MaTeMaTHYHOTO mogaHHs [1D:
e PamionansaMit
e JI0OyTOK MHOXHHKIB APYTOTr0O MOPSIIKY

SIK1 BU3HAYAIOTh JIBI OCHOBHI CTPYKTYPH:
o [lpamy

e Kackanny
3.2.1 Ilpsima cTpyKTypa

[Ipsima cTpykTypa BusHavaerbes [ 1O H (Z), 10 MOJIaHa Y BUTJISAI pallioHAIbHOT QYHKIIIT

Ta BijmoOpaxxae PP
y(n)=2bx(n-i).
i=0
Taky cTpyKTypy I1HKONM Ha3MBAaIOTh JIIHIEI0 3aTPUMKU 3 BiJIBOAaMH ab0 CTPYKTYpPOIO

TPAaHCBEPCATBHOTO (ITOTIEPeyHOro) GibTpa

y(n)

Pucynox 5.

IcHye pi3HOBHI MPSAMOT CTPYKTYpH — MpsiMa CTPYKTypa (IpsiMa MPUBEACHA CTPYKTYpa) IS
HepekypcuBHux LD 3 miniitHoro ®YX.

BrnactuBicts cumerpuuHocTi KoediuieHTIB (IX) mo3BonsioTh MOOyAyBaTH CTPYKTYpPHY
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cxemy CIX-dinpTpa 3 miniitHOI0 ®UX, 1m0 Mae MpakTHYHO B 2 Pa3d MEHIIE MHOXXHHKIB, YUM

ctpykrypHa cxema CIX-¢inprpa 3 iHmow 0yas-sakorw OUX (puc. 6).
3.2.2 Kackanna crpykrypa CIX-dinberpa

Kackagna ctpykrypa BusHauaerbes 11O H (Z), 10 TOJIaHa Y BUTIISAII JOOYTKY MHOXKHUKIB

JPYroro NopsaKy:
H(z)= li H,(2)= ﬁ(bm +hyz 7t +byz2),
ne by, b, , b, - nificui koedinientn, a K - KiIbKICTb JJAaHOK 2-TO TOPSAKY.
[1® Binmosimae cucreMa PP HepekypCHBHHX JTaHOK 2-TO MOPSIKY:
v,(n) = by, x(n)+ b, ,x(n —1)+ by, x(n - 2)
Vv, (n) = bozvl(n) + blzvl(n _1)+ b22vl(n - 2)

y(n) = bO,K—lVK—l(n)+ bl,K—vi—l(n _1)"' bZ,K—lVK—l(n - 2)
0 BiIOOpPaKYETHCS KACKAIHOI CTPYKTYpPOIO, J€ KOXKHA JIaHKa MA€ TPSMY CTPYKTYpYy

(puc.7).

x(n) x(n—1) x(n—2) x(n-3) x(n—4)
T [ . 7!
x(n—-8) x(n-T) x(n-06) x(n-35)

Pucynok 6
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\ 4
y(n)

Pucynok 7

3.3 Ilpuknan peamizanii L{® nepmoro mopsaky:

... g +

Dizcrete Zain + + [::]

Impulse

Time
Seope

| =

1
-—r—4>l>— M
=z

: ZainZ
Unit Delay o230 Unit Celay

Pucynok 8
3.4 Simulink Ta Filter Design and Analysis Tool 3amyckaroTbcst KOMaHIaMH:

simulink ta fdatool.
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4. KoHTpOJIbHI NMTaHHSA
4.1 ChopmynioBaTh BHU3HAUEHHS TMEPEXITHOI, IMIYJIbCHOI XapaKTEPUCTHKUA Ta
nepeaaBanbHOI PYHKINIT JTIHIHHOT JUCKPETHOT CUCTEMH.
4.2 TlepepaxyBatu 06a30Bi omeparlii, [0 BUKOPUCTOBYIOTHCS IIPU peaizalii JiHIHHIX
1 poBux QiLIBTPIB.
4.3 300pa3utu CTpyKTypHi cxeMu pekypcuBHUX [[D. Sk BoHn oTpumani?

4.4 300pa3utu CTpyKTypHi cxeMu He pekypcuBHuX LID. Sk Bonu orpumani?

29



Tema podoTn:

Meta pobdorTu:

JlabopaTopHa po6oTa Ne5

JluckpetHe neperBopeHHs Pyp’e

1. Po3paxyBaTu Ta MOPIBHATH CHEKTPU AHAJIOIOBOrO Ta JUCKPETHOIO
CUTHAJIIB

2. Jocninutu auckperHe neperBopenHs dyp’e (AIID) oxuHOUHOTO

iMIyJbCy

1. lomaniHe 3aBAaHHsI

1.1  Jlng BUKOHAHHS POOOTH CTYJAEHTY HEOOXIJHO BHUOpATH HEMEPEPBHUN OTUHOYHHMA

IMITJIBC Y BiJIMOBIAHOCTI 13 CBOIM BapiaHTOM (HOMEp y CIUCKY TPYIIN):

® [IPSIMOKYTHHUH IMITyJIbC

S(t):{A, 0<t<r,

0, t<0,t>r.

Bapiant 1 5 9 13 17 21
A,B 1,5 2 15 1,2 2,5 2

T, MC 4 3 2 5 6 7
[HTEepBan ananizy 2,57 3r 2,57 3r 2,57 27

e imnynsc ['ayca

Bapiant 2 6 10 14 18 22

A,B 0,5 2,5 1,5 2 1,2 2

T,MC 2 3,5 4 4,5 2,5 5

Iarepsan anamizy T; , MC 10 15 20 25 15 30
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® HECUMETPUYHHUI TPUKYTHUM IMITYITHC

t

S(t)= A;, 0<t<r,
0, t<0,t>r7.
Bapianr 3 7 11 15 19 23
A,B 0,5 2 2,5 3 3,5 1,5
T, MC 2 3 4 5 6 7
IarepBan anamnisy, 10 15 20 25 15 30
MC

® CUMETPUYHUH TPUKYTHHH IMITYJIbC

1—u 0<t<2r
)= AL ) 0stEn

0, t<0,t>2r.
Bapiant 4 8 12 16 20 24
A,B 0,5 2 2,5 3 3,5 15
T,MC 2 3 4 7 6 5
InrepBan ananisy, 10 15 20 25 15 30
MC

* InTepBan aHaiizy 3aja€ yacoBMM B1ipi30kK BiJ 0 O BKa3aHOTO B TaOJIMIIl 3HAYEHHS.

1.2 3anmcaru BHpa3 I CIIEKTPY 33JaHOTO HEMEPEPBHOTO CUTHAMY [3, cTop. 34].

2. JIaGopaTopHe 3aBAaHHSA

2.1  TlpoBecTH AMCKpETH3AIiI0 HEMEPEPBHOTO CHUTHAIy. BuOpaTH KiNBKICTH BiUTIKIB
N =128. PospaxyBaru yactoTy auckperusarii f, .

Busectu rpadiku HenmepepBHOIo Ta IUCKPETHOTO CUTHAIIB.

2.2  PospaxyBatm Ta mOOyQyBaTH aMIUTITYJAHUH CIIEKTp HEMEPEPBHOTO CHUTHAIY.
PesynbraTu BuBectH B Aianasoni yacrot 0...f, .

2.3  PospaxyBatm Ta mnoOyJayBaTH aMIUNTYAHUH CIEKTP JAUCKPETHOTO CHUTHANY,
BUKOPHUCTOBYIOUH JTMCKpPETH30BaHE B yaci neperBopeHHss Oyp’e. Pe3ynbTraT BUBECTH B Jiana3oH1
gacrot O...f,.

2.4  Ckmactu mporpamy, mo peanizye aimroput™m JII® nauckperHoro curHainy.

Pesynbraru BuBectH B aianasoni gactot O... f,.
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2.5 PospaxyBatm Ta mnoOyQyBaTH aMIUNTYAHUH CIEKTp JAWCKPETHOTO CHUTHANY,
BukopucToByroun komanay MATLAB fft [7].
2.6  IlopiBHATH OTpUMaHi CIEKTPH HEMEPEPBHOTO Ta TUCKPETHOT'O CUTHAIB.

Heo0OxinHo BuBecTH Ha ofHE rpadivyHe moie Bei rpadiku.
3. MeToauuHi BKa3iBKM Ta KOPOTKI TeOpeTHYHi BiIOMOCTi

3.1 s ycmimHOro BHKOHAHHS Ja0OpaTOpHOi poOOTH HEOOXiTHO O3HAWMOMHTHUCS 3
TEOPETUYHHUM MatepiaiioM, mo crocyerbes JI1D [1-3]. Jlami HaBeneHi TIBKKH OCHOBHI TEOPETHUYHI
BUKJIQJIKH.

3.2 CrhekTp HenepepBHOIO CUTHAIY 3HAXOAUTHLCS 3a IOTIOMOTOI0 TiepeTBOpeHHs Dyp’e:

® TpsiME NePEeTBOPEHHS

® 3BOPOTHEC IICPECTBOPCHHA
o(t) = = | X (o) do.

3.3 JIMCKpeTH3aIlifo CUrHaIy HEOOXiJTHO BUKOHATH 32 JIONTOMOT'OIO MMiJCTaHOBKU ¢ = n'T’

(T =1/f,) y Bupasi jus 3a1aHOrO HEMEPEPBHOTO CHIHAILY.

VY BIANOBIAHOCTI 13 TEOPEMOK MPO JUCKPETH3ALI0 HENEepEepBHUX CUTHAJIB, 4YacToTa
JMCKpeTH3alii BUOUpAeThCsl HE MEHILE YMM B J[Ba pa3d OUIBIIOI 3a BEPXHIO YAaCTOTY Yy CIEKTPi

HETEePepBHOro CUrHany @, > 2w, (f,>22f,).

OCKUIBKM CHEKTp HENEpPEepBHOTO CHUTHAy HECKIHYEHHHMH Ta HIYMM [P BHUKOHAHHI
nabopaTopHOi poOOTH He 0oOMexyeTbes (BIACYTHIM aHTHeNalCHHTOBUI (iIbTp), TO HEOOXITHO
MaTH Ha yBa3i, 1110 MiCJsl JUCKPeTU3alii CUrHaIy Oy/ie iCHYBaTH sIBUILE HAKJIQJAAHHS CIIEKTPIB.

3.4  Nuckperne neperBopeHHs Dyp’e (HAIID) — pisHOBuAHICTH mepeTBopeHHS Dyp’e,
MpHU3HAYCHE IS pOOOTH 3 AUCKPETHUMHU CUTHAJIAMH.

JII® mosxe OyTH BUKOPHUCTAHE SIK JUIS MEPIOJMYHUX MOCIigoBHOCTEH 3 mepiogom N, Tak i

IUTS TIOCITiIOBHOCTEN CKiHUeHHOT JOBXUHU N .
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3.5 JI1® HazuBaeThcs nmapa B3aEMHO OJJHO3HAYHUX MEPETBOPEHbD:

® QpsiIME IEPETBOPEHHS

X (k)= (MW, k=0,1,...,N ~1;

® 3BOPOTHE IIEPETBOPEHHS

ne:
x(n) - mocioBHicTH B wacosiii o6macti (nilicHa a60 KOMILTEKCHa);
X (k) - TUcKpeTHi koeditienTn Dyp’e (milicHI a00 KOMITJIEKCHI);
k - momep Bimmixy mocmizossocti X (k), mo Bianosimae wactori kAw (Aw - nepion
JUCKPETH3AIII] 110 4aCcTOTi);

W, - moBepTaroumii MHOKHHK

—j—nk X
1o OoTpuMaB CBOIO HA3BY TOMY, IO aprymMCeHT CKCIIOHCHTH e N BlI[06pa)Ky€ KYyT

MTOBOPOTY HA OJIMHUYHOMY KOJII KOMIUICKCHOT IUTOIUHHU.

ITocnigoBHOCTI x(n) Ta X (k), o MaroTh N BiIJIiKiB, Ha3UBalOTh N —TOYKOBUMHU.

Bimrtiku nocaimoBHOCTI X (k) Ha3uBaloTh Bimaikamu [I1D.

3.6 3 rToumicTio A0 mocriiiHOoro KoedimienTy, AIID sBise coOO AMCKPETHI BiITIKK

CIIeKTPaIbHOI (yHKUIT JHMCKPETHOrO CHMTHaly, WO Bigmosimarote wacroram @ =@,K/N  (
f, = f,k/N). Tomy 3Hauenns 11D iHKOIM HA3UBAIOTH CHEKMPALHUMYU GIONIKAMU.

3.7  BmactuBocti AII® € mpsMuM HaCIiJKOM BIACTHBOCTEH CIIEKTPIB TUCKPETHHX
CUTHAJIIB: TIEPIOANYHICTD, JIiHIAHICTE, 3MimeHHss N — ToukoBoro [II®, 3arpumka N — ToukKOBOi
nociigioBHoOCTi, Teopema [lapceBans, BinactuBicts cumetpii [1-3].

3.8  JII® e niHiliHUM NEepeTBOPEHHSIM, L0 TpaHC(HOPMYye BEKTOp YAaCOBHUX BIIJIIKIB B
BEKTOP Makoi o 006 CUHU, M0 MICTUThH BIJUIIKH CHeKTpaibHI. Take mepeTBOopeHHS Moxke OyTH
pearizoBaHe K EPEMHOXKESHHS TIEBHOI KBaJpaTHOI MATPHII HA BXiJHHI BEKTOP-CTOBITYHK:

y=Fx,

ne F — maTpuis neperBopeHHs.
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s AI1D matpuns F mae Bursin

1 1 1 1 1 ]

2z A 67 2z
- -j== —j=r -~ (N-D)

1 e N e N e N e N
_idm 87 _ji2= 27 a(N-1)

. 1 e N e N e N e N
.67 127 187 7]-277T3(N71)

1 e N e N e N e N
27 2 27 .2 2
1 e—JW(N—) e*JWZ(Nfl) - AN efJW(Nfl)

4. KOHTPOJIbHI NUTAHHSA
4.1.TTopiBHATH CIIEKTPH CHUTHAJIB: HEMEPEPBHOIO aIepioJAHMYHOIO, HEMEePEPBHOTO
NEePIOJUYHOTO Ta JUCKPETHOTO anepiogUYHOrO.
4.2.CxeMaTHyHO 300pa3UTH CIIEKTP AUCKPETHOTO CUTHAITY.
4.3.IlepeniunTi BIACTHBOCTI CIIEKTPIB JTUCKPETHUX CHTHAIIIB.
4.4.Onucaru anroputm JII1D.

4.5.Ilepemiuntu Binactuocti JI1D.

34



JlabopaTopHa po6oTa N26

Tema podorn: [udposa }inpTparisi AMCKPETHUX CUTHAIIB

Meta po6oTu: 1. BuBuuTu asiroputm po6oTtu 1iudpoBoro GiabTpa
2. 3HaiiTu peakiiro (GUIbTpa Ha 3aJaHy BX1IHY TOCIIIIOBHICTh

3. BuBuMTH SBUILE PO3TIKAHHS CIIEKTPY
1. 3araabHi 3ayBaxkeHHsI

Jns BukoHaHHs JsabopatopHoi poOoTH Ne6 HeoOXigHO MaTu KoedillieHTH (LIbTpa,
CIIPOEKTOBAHOTO B PO3PAaXyHKOBii poOOTI Ta JOCTIHKEHOTO B 1abopaTtopHiil podoTi Ne2 Ta 3.

B pesynbrari BUKOHAHHS 1aHOi POOOTH CTYJCHT OBHHEH:

4) CdopmyBaTu AUCKPETHHUN BXIAHUN CUTHAI st UPPOBOTO DinbTpa.

5) 3Bmaiitu peakiito L{® Ha 3a7aHy BXiIHY 10 BAKOPUCTOBYIOUYH Pi3HUIICBE PIBHIHHSL.

6) IlopiBHATH CUTHAIM B 4aCOBil 00JACTI Ta CIIEKTPU CUTHAIB JI0 1 miciis QuTbTpartii.
2. JlabopaTopHe 3aBIaHHS

2.1  ®opmyBaHHS BXiIHOI TUCKPETHOI MOCIIIOBHOCTI.

1) CpopmyBartu BXiAHY HOCTIIOBHICTh
x(nT )= Asin(2z f,nT)+Bsin(2zf,nT),

ne vacrotn f, ,f, Ta ammuitymu A, B 3nHaxomarecs 3 tabmumi 1 y BimmosigHoCTI i3

HOMEPOM CTYJIEHTa B CITUCKY TPYITH, MEPioa AUCKpeTH3amii | — y BIAMOBIAHOCTI i3 3aBAaHHSAM 10
PO3paxyHKOBOi poOOTH.

Jns BUKOHaHHS 1a0opaTopHOi poOOTH BUOpaTH TOBKUHY BXigHOI mocmigoBHOCTI N =64.

2) ITo6ynyBaTH rpagik MociiJoBHOCTI B 4aCOBIl 00JIACTi.

3) IloOynyBatu amMILTITYAHUNA CIEKTP BXIAHOI MOCIIZOBHOCTI, BUKOPUCTOBYIOUH KOMAaHIY
MATLAB fft (peanizye anroput™ mBuakoro neperBopens @yp’e [1-3]).

4) TloOynyBaTu aMILTITYyIHI CIIEKTPH BXIAHOI IMOCIIJOBHOCTI 13 BUKOPHUCTAaHHSIM BaroBHX
(BikoHHMX) QyHKIH biekmana, XeMMiHra Ta X eHHIHTa.

5) Bci rpadiku, otpumani B 11. 2.1 HE0OX1THO BUBECTH Ha OJIHE rpadiuHe moJe.
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2.2 Tlobynysaru KUX dinbrpa no koediuienTam a, , bj (103BONsSETHCS BUKOPUCTATH

komanay MATLAB freqz).
2.3 3naxomxeHHs peakiii 1M Ha BXiIHY MOCTIOBHICTS.

1) 3mnaiitu peakiito (iTbTpa y(nT) Ha chopMoOBaHy BXiAHY IOCIIAOBHICTh x(nT) ,
BUKOPHCTOBYIOUH Pi3HUIIEBE PiBHSHHS.
2) [ToGynyBatu rpadik BUXiTHOI TOCTITOBHOCTI y(nT) B 4aCOBiH 00JacTi.

3) [loOynyBaT aMILTITYAHUN CIEKTP BUXiIHOI MOCHITOBHOCTi, BUKOPUCTOBYIOUH OJHY 13
BIKOHHUX (YHKIIiH (Ha BUOIp CTyJIEHTA).

5) Bci rpadiku, orprmMani B 11. 2.3 HeoOXiIHO BUBECTH Ha OHE rpadidne moe.

Tabmuus 1

Ne 1 2 3 4 5 6 7 8 9 10 11

s T | 20 400 30 395 35 390 40 385 45 380 50

f,, T | 200 25 205 30 210 35 215 40 220 45 225

B 02 | 0,15 | 0,25 0,1 0,35 0,2 0,1 0,15 | 0,15 0,2 0,2

as T | 375 55 370 60 365 65 360 70 355 15 350

fo, Tm | 50 250 55 260 60 300 65 250 70 150 25

B 0,2 0,1 025 | 0,15 | 0,15 0,2 0,25 | 0,15 0,2 0,2 0,2
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3. MeTonn4Hi BKa3iBKH 10 BUKOHAHHIO J1a00PaTOPHOI0 3aBAaHHS

3.1  Peakuiro LD y(nT) MOKHA PO3PaxyBaTH SIK IMCKPETHY 3TOPTKY Mii x(nT) Ta

IMITYJIbCHOT XapaKTePUCTUKH h(nT) bimpTpa

:mi;oh[(n—m)T]x(mT)

=3 h(mT)x[(n-m)T].
m=0
SIKIIIO ITOCJIII JOBHOCTI h(n) Ta x(n) € CKIHYUCHHUMH Ta MalOTh JOBXHHY BianoBimHo M Ta

N, To peakmis cucTteMu OyJe TEK CKIHYCHHOIO Ta OyJae OOYMCIIOBATHCH 3a (opmysion (B

HOPMOBAHUX OJUHUIISX )
N+M-1
y(n)= 2, h(m)x(n-m).
m=0
3.2  Peakuito II® Ha BXigHy MNOCTIIOBHICTh TaKOX MOXKHA 3HAWTH BUKOPHCTABIIH
pI3HHUIIEBE PIBHSIHHS
Y07)= S 00171 Y yln-kT)
i=0
a00 B HOPMOBAHUX OJMHUIIX Yacy

3.3  JIII® na3uBaeThCs mapa B3aEMHO OJJHO3HAUHUX MEPETBOPEHB:

® IpsiME IEPETBOPEHHS

Z

-1

X(k)=>x(nwy", k=01,...,N-1;

T
o

® 3BOpOTHE IEPETBOPEHHS

X(@W@W,nzaL“qN—L

i MZ

1
o(n) =%
N ¢
e x(n) - MOCTIJOBHICTB B YacoBil o0macTi (ificHa a00 KOMITJIEKCHA);
X (k) - mucKkpeTHi koedinientn Oyp’e (aikicH1 a00 KOMIUIEKCHI);
K - HOMep Bi[UTIKy MOCIiJOBHOCTI X(k), mo Bixnosigae yactoti KAw (Aw - mepion
JUCKPETU3AIlii 10 4acTOTi);

W, - moBepTaroumii MHOKHHK

—jz—”nk

W =e N,
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2
—j—nk
10 OTpI/IMaB CBOHO HaSBy TOMy, 11 (0] apFYMeHT CKCIIOHCHTU € N

B1IOOpaXXy€ KYT
MOBOPOTY HAa OJIMHUYHOMY KOJIi KOMIUIEKCHOT TUTOIIIHH.

ITocmizoBHOCTI x(n) Ta X (k), o MaroTh N BiIiKiB, Ha3UBalOTh N —TOYKOBHMHU.
Biutiku nocaigoBHOCTI X (k) Ha3uBaloTh Bimmikamu J110.

3.4  TIlixg gac po3paxynky J[II®D BBaxaeThCs, MO MOCTIJOBHICTh BIJIIKIB CHTHATY x(n)

SIBIIIETHCSL TIEPIOJIUYHO MTPOJIOBKEHOIO B Yaci. SIKIIO 3HaYEHHS MOYATKOBUX Ta KIHIIEBUX BiJUTIKIB
CEerMEHTa 3HA4YHO BIJPIZHAIOTHCS, TO MPU NEPIOJUYHOMY ITOBTOPEHHI Ha CTHKAaX CErMCHTIB
BUHUKAIOTh CKauku. e mpuBOANTE 10 PO3IMIUPEHHS CIIEKTPY CUTHATY (puc. 1).

Onucane sIBUIIE HA3UBAETHCS PO3TIKAHHAM CIIEKTpY (Spectrum leanage) [1-3].

'y o, o i)

d ‘ - /0 )
UL il

¢ ' " " [1] [

Pucynok 1 — ITI® rapMOHIYHOTO CUTHAIY.

Jlns 3MeHIIeHHs] SBUIA PO3TIKAHHS CHEKTpy npu po3paxyHky JII® BHKOpUCTOBYIOTH
BaroBi (yHKIIi, sIKI TaKO>X Ha3UBalOTh BIKHAMU a00 BIKOHHMMHM (QYHKLiAMHU. B 1ipoMy BuMIajky,
nepen po3paxyHkoM J{I1®D, curnan MHOKUTBCS Ha BIKHO, sIK€ TIOBUHHO CMaJaTH J0 KpaiB CerMeHTa.

[Tpu Bukopucranti BikoH JII1D po3paxoByeThcs 3a GopMyInoro

=

-1

X (k)= x(n)w(n)wg*,

>
]
o

ne W(n) - BaroBa ¢yHKIis (BikHO) [1-3].
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3.5 B pnaniii nabopatopHiii poOOTi BUKOpHCTOBYIOThCs BikHa binexmana (Blackman),
Xemminra (Hamming), Xenninra (abo Xena) (Hann). Ili BikoHHI (QYHKIIi pO3paxOBYIOThCS 3a
dbopmynamu [7]:

- BikHO biexmana

0,42-0,5¢05-2" 1+0.08c0s—%n 0<n<N -1
W(n): N -1 N -1 :

0

- BIKHO XeMMiHra

0,54-0.46c0s—-n, 0<n<N 1

0

- BIkHO XeHHIHra

0,5—0,5c052—ﬂn, 0<n<N-1
w(n)= N -1 )

0

XapaKTepI/ICTI/IKI/I BIKOH MO’KHA MMOANBUTUCH BUKOHABIIU ITPOrpamMy:

N = 64; % po3mip BikHa

w = window(@blackman,N); % BikHO BnekmaHa
w1l = window(@hamming,N); % BikHO XemmiHra
w2 = window(@hann,N); % BikHO XeHHiHra
wvtool(w,w1,w2)

4. KOHTPOJIbHI MUTAHHS
4.1 3anucaTy B 3araJlbHOMY BHUIJISLI JIiHIHE PI3HUIIEBE PIBHSIHHSL.
4.2 TlepepaxyBaru 0a3oBi omeparlii, 10 BUKOPHCTOBYIOTHCS MPH peaizamii JiHIHHUX HQPOBUX
¢b1IBTPIB.
4.3 latu BuzHaueHHs J(I1D.
4.4 Tlepepaxyiite BnactuBocti AI1D.
4.5 TlosicHITH SBUIIIE PO3TIKAHHS CIIEKTPY.

4.6 BikoHHI QyHKIIIi, IX BIaCTHBOCTI.
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