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[IpuHATBIE COKpALLIEHUS
AIIIT — ananoro-1mudpoBoit mpeodbpazoBaTeib

AUYX — aMIIMTYy THO-4AaCTOTHAs XapaKTEPUCTHUKA

BUX — 6eckoHeuHas UMIyJIbCHAsI XapaKTepUCTUKa (TUT (GUIIBTpA)
BII® — ObicTpoe npeobpazoBanue Oypbe

JABII® — nuckpeTHoe 110 BpeMeHHU npeodpazoBanne Oypbe
JIID — nuckpetHoe npeodpazoBanne Oypbe

J® — nuckpeTHbIl GUIBTP

NX — umiynbCHast XapaKTepUCTUKA

KMX — koHeuHasi UMITYJIbCHAsI XapaKTepUCTUKA (TUIT (QUIBTPA)
KUX — KOMIUIEKCHAs1 4aCTOTHAsI XapaKTEPUCTUKA

MMUII — MmoyIMpoBaHHasE UMITYJIbCHAS IIOCJIEOBATEIBHOCTD
[1® — nonocoBoit GpuabTp

PKP — pacueTtHast KoHTpoOJbHas paboTa

P® — pexexropHbliil GUIbTp

®BY — ¢punsTp BEpXHUX YaCTOT

®OHY — puiabTp HUKHUX YACTOT

OUX — gazouacToTHas XapaKTEPUCTUKA

LAII — nudpoananorossiii npeodpa3zoBaTeb

LHOC — mudpoBast 06paboTKa CUTHATIOB

LIIT" — uudposoit npeodbpazoBaTenb ruabdepTa

[® — uudposoit hpumsTp



BBEJAEHUE

ExxenneBHO B cBOEi OBITOBOI M MPOGECCHOHATBFHON IEATEILHOCTH YEIOBEK
BcTpevaercss ¢ uudposoit obpadotkoi curnana (LIOC). Metoasl uudpooi
00paOOTKM CHUTHAJIOB HAIIM CBOE MNPHUMEHEHHWE OT COTOBOM CBS3HU, (POTO H
BUJICOCBEMKH JI0 CHCTEM MEIUUMHCKONM KOMIBIOTEPHOM JUAarHOCTUKH U
JUCTAHIIMOHHOTO 30HAMpoBaHus 3emuu. Cpenu ycTpoilcTB nudpoBoil 00padboTKu
CUTHAJIOB LIMPOKOE PaCHpOCTpaHEHUE MONy4Yran IudpoBbie GuiabTpsl. B 3Tnx
yCTpOMCTBaX TOYHOCTh Habopa KO3(PPUIMEHTOB OINpEeAeseTcs JIULIb YHUCIOM
pa3psaoB pa3psaaHoil ceTku. B mudpoBbIX (QHIBTpaXx MOXHO JIETKO H3MEHATH
KO3 PUIMEHTBI, M, CIEAOBATENbHO, XaPAKTEPUCTUKH (PUIbTPA, HE HU3MEHSA
CTPYKTYphl HaOOpa, YTO CO3/1a€T YHUKAJIbHbIE BO3MOKHOCTH OCYILECTBICHHUS
QIrOpuUTMOB  00pabOTKM curHaioB. Jlns pa3paOOTYMKOB CO3JAIOTCA CaMble
LIIMPOKHE BO3MOXHOCTH JUII CHHTE3a IE€PECTPauBAEMbIX, aJallTUBHBIX U
MHOTO(YHKIIMOHATBbHBIX (PUIBTPOB.

Meroanueckoe nocodre HaIpaBJI€HO Ha Pa3BUTUE Y CTYJEHTOB HAaBBIKOB IO
pacueTy M CUHTe3y LUGPOBBIX (UIBTPOB C HCIOJIB30BAHUEM COBPEMEHHOIO
nakera mateMarndeckoro monaenupoBannss MATLAB. B HeM npuBeeHbl KpaTKue
TEOPETUUECKHE CBEACHHUS, BAPUAHTHI 3a/laHUi Ha KOHTPOJIbHYIO padoTy, a Takxke

npumep pacdeta nudposoro punbtpa barrepropra.



KOHTPOJIBHOE 3AJJAHUE U TIOPAOK EI'O BBIIIOJIHEHMA
KonTpoJbHoe 3a1anne
HeoOxoaumo paccuntath udpoBoi (GUIbTP HUKHUX 4acToT baTTepBopra u
OT(UITBTPOBATH C €TO MOMOIIBIO 33/ITAHHBIA CUTHAT
X(t) = Asin(2z- f,-t)+ A,sin(2z - £, -1). (1)
[TopsinOK BBIMOJIHEHUS:

1. B cooTBeTcTBME C [aHHBIMM CBOErOo BapuaHTa 3agaTh curdain (1) B
nporpamMmMmHO#i cpene Matlab u Ha ero ocHOBE copMHpPOBATE 3alTyMIICHHBIN
CUTHAaJ, JUIsl Yero A00aBUTh K CUTHAIY CUHYCOUbl HCTOYHUK PABHOMEPHOTO
nryma.

2. B cooTBeTCTBHM C MCXOIHBIMH JaHHBIMU JJIS1 pacdyeTa MuppoBoro GuibTpa
IPOU3BECTU MepecueT mapameTpoB kopuaopa AUX uudposoro ¢unbrpa B
napamMeTpsl kopugopa AUX anamoroBoro ¢puibTpa.

I/ICXOI[HBIC JaHHBIC:

Fy —wacrora nuckperusanuu;

R, — nepaBHOMepHOCTS B nONI0CE nporyckanus (1B);
R, — monasnenue B nonoce 3arpaxnenus (ab);

W, — gactora cpesa (I');

W, —4acrora nonasienus (I'n);

3. Paccumrath mopsanok QuibTpa uCXons W3 mapaMmeTpoB Kopuaopa AUX
aHaAJIOrOBOTO (PUIIBTPA.

4. PaccuutaTh nepeaaTOuHyIo XapaKTePUCTHKY aHaJIOTOBOTO
HopmupoBanHoro ®HY tpebyemoro mopsiika.

5. IlpousBectu OunMHETHOE MpeoOpa3oBaHUE NMEPENATOYHOW XapaKTEPUCTUKU
aHAJIOTOBOTO (PMJIBTpA B MEPEAATOYHYIO XapaKTePUCTHKy  HU(POBOTrO
bunbTpa.

6. CocraButb pazHoctHoe ypaBHeHue upposoro @HY barrepropra.



7. C mnomomplo ypaBHeHHs OTQUIBTpOBaTh 3aJaHHbIi curHan (1) B
nporpamMmmHoii  cpene  Matlab. Tloctpouts rpaduku HCXOAHOTO W
OT(UIBTPOBAHHOIO CHUTHANA, a TakXke HUX chnekTpel. Crenarb BBIBOJ O

pe3yabTarax padoThl.

Bb10op BapuanTa

KontponpHble 3amaHus cocTaBisitoT 18 BapmanTtoB. Kaxkawlii CTyneHT
BBITIOJTHSET KOHTPOJIBHOE 3a/IaHUE 0 OJHOMY W3 BapUaHTOB COTJIACHO HOMEpY
CBOEr0 CTYJEHUYECKOro OWiieTa: HOMEp BapuaHTa COBNAJAET C YHCIIOM,
00pa30BaHHBIM CYMMOW JBYX MOCIEAHUX LU(PpP HOMEpA CTYAEHYECKOro Ouiera.
Hampumep, crtynent, umeroumii cryaeHdeckuit Ouier Ne 80237, BbIMOJHSET
KOHTPOJIbHYIO paboTy no Bapuanty 10, a cTyeHT co cTyaeHuYecKuM OmieToM Ne
25580 BbITIONIHAET PpabOTy MO BapUaHTy .

Tabnuna 1 — [TapameTpsl curHalia 1mo BapuaHTam

Bapuanr A f, A, f,
1 1 28 76 10
2 7 38 9 6
3 8 95 12 2
4 7 80 74 3
5 6 63 6 7
6 4 47 13 5
7 4 9 82 9
8 7 22 67 7
9 3) 28 49 9
10 7 47 10 4
11 8 91 94 12
12 3 82 20 6
13 1 29 39 5
14 10 39 78 14




15 8 40 90 4
16 8 35 39 2
17 9 23 62 10
18 130 2 60 90

Ta6nuna 2 — [TapameTpsl GUIIbTpa 10 BapuaHTam

Bapuaur Fq R, R, W, W,
1 200 1 30 25 55
2 200 2 60 30 65
3 200 3 30 20 50
4 200 1 60 35 70
) 200 3 30 25 59
6 200 3 60 24 63
7 200 2 60 22 49
8 200 1 60 25 55
9 200 3 30 30 65
10 200 2 60 20 50
11 200 1 60 35 70
12 200 2 30 25 59
13 200 3 60 24 63
14 200 2 60 22 49
15 200 1 60 25 55
16 200 2 30 30 65
17 200 2 60 20 50
18 200 1 30 35 70

TpedoBanus k 0pOpMIIEHHI0O KOHTPOJbLHOM PadOTHI
1.  KontpomsHas padora odopmisieTcs B daitne dpopmara .doc / .docx.

Ipudt Times New Roman, kerenp 14 nr, mons: jeBoe 3cM, mpaBoe 1.5 cm,
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BEpXHEE W HIDKHEE 2 CM, MEKCTpPOuHbIi mHTepBan 1.5 nr. Bce mmmroctpanmu,
dbopMynbl W JIMCTUHTH TPOrpaMM  YKa3bIBAIOTCA  COTJIACHO  MPUMEDPY,
IPUBEIEHHOMY B METOJIMYECKOM [TOCOOHH.

2. Bce wucnpaBneHuss mo 3aMe4aHMAM pEIEH3€HTa, U paboTy Haj
olIMOKaMH, PEKOMEHIYETCs BBIIOJHATE B pexuMme «PernensupoBanus». Bcee
ctpanuipl PKP 10omkHBEI OBITH TPOHYMEPOBAHBI.

3. CorylacHO BapuaHTy [IOJDKHBI OBITh BBIIMCAaHbl BCE YHCIEHHBIE
NaHHbIE 3a7aHusl. Bece BennunHbl, OyKBEHHbIE 0003HAUYEHUSI KOTOPBIX MPUMEHSIOT
B KOJI€ pEUIEHUs, JOJKHBI COIMPOBOXKIATHCA KOMMEHTAPHUIMU, NOSICHIIOIUMA HX
3HaueHue. Henb3sa B 01HOM 3a1a4e 0MHAKOBO 0003HAYATh PAa3HbIE BEIIMYUHBI.

4. PacueTHple 3HaYeHUS Jydlle HE OKPYIVISITh MM OCTABIIATH HE MEHEE
YeThIpeX MOPSAKOB MOCIIE EAUHULL LIETON YACTH.

S. TutyneHblil UCT 0GOPMIIIETCS B COOTBETCTBUM C  TUTYJIBHBIM

omaukom PKP.

MeTounqecmle PEKOMECHIAIIUNA

3amaua 1. PaccmoTpum 3ananue curHana (1) B mporpammMHoii cpeae Matlab

CO CJICAYIOIINMMHA UCXOJHBIMHU 3HAUYCHUAMU

A f, A, f, =
130 2 60 90 200
R, W, W,
30 35 70

I[J'Iﬂ 9TOTI0 HGO6XOI[I/IMO 3a1aTb IICPCMCHHBIC C NCXOAHBIMH JaHHBIMU M3 Ta6J'II/II_IBI

1 1 3amaTh cUrHAI ¢ ITyMOM Ha 3aIaHHOM TTpoMexyTke Bpemenn t=200 Cex.

t

X

(0:200) /Fd;

Al*sin(2*pi*fl*t) +A2*sin (2*pi*f2*t)+0.5*rand (1, length(t));




3agaya 2. [Ing pacuera mHUQPPOBOrO (QUIbTpa MNPOU3BECTH IEPECUET
napameTpoB kopugopa AUX (puc. 1) mudpoBoro GpuibTpa B mapameTpsl KOpUaopa
AUYX ananoroBoro ¢uiabTpa HEOOXOJMMO HUCXOJHbIE JIaHHBIE 3a/aTh
OTHOCHTENFHO HOPMHPOBAaHHOW dYacToTel B HHTepBase ot 0 mo m pan/c.
[Tockomnbky GunbTp mudpoBoit 1 ero AUX sBIEeTCS NEPUOAUIECCKON C TIEPHOIOM

2nu CUMMCTpHUYIHA OTHOCUTCIIBHO HOpMI/IpOBaHHOI?I HaCTOTHI.

O Mg ®

Pucynox 1 — Ucxonubie nannbie aiig pacdera nudpororo ®HY otHOoCUTENBHO
HOPMHUPOBAHHOW YaCTOTHI
Jlnst  monmydeHus JUCKpeTHOTO (uiIbTpa C 3aJaHHBIMHM 4YacTOTaMH Cpe3a
HEOOXOMMO CKOPPEKTHPOBATH YAaCTOThI CpPE3a aHAJIOrOBOTO MPOTOTHUIA, YTOOBI
KOMIICHCUPOBAaTh HUCKAXKEHUS YaCTOTHOW OCHU. VCKakeHue IIKaJIbl 4acTOT IpPH

OMJIMHEWHOM TIPeo0pa30BaHUU MTPOUCXOIUT COTIIACHO BHIPAKEHUIO:
2
Q= ?tan(wn /12) (2)
rge T=1/F,= 0.005¢'— wuntepBan (mar) muckpermsarmm, () — IIKaza 4acToT

aHayioroBoro ¢uustpa, W, =W, =27w,/F;=1.0996 — HOpMupoBaHHas IlKaja

gactoT 1udpposoro ¢uasrpa (W, =Wy, =2nw, /F;=2.1991). Ilo stoit dopmyne
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PAaCCUYUTHIBAIOT CKOPPEKTUPOBAHHBIC YACTOTHI JJISI MMPOSKTUPOBAHHS aHAJIOTOBOTO
npoToTumna. B yacTHOCTH, YacTOTa rapaHTUPOBAHHOTO 3aTyXaHUs OMPEICNIeTCs
TaKuM 00pa3oM:
Q. =2F, tan(w,, / 2) = 245.1203 pan/cex .
YacroTa mogaBiIeHuUS:

Q, =2F, tan(w,, / 2) ~ 785.0442 pan/cek .
3agaua 3. [Topsnok ®HY barrepBopTa paBeH

_In(e;/éy) N
T In(Q,/Q,)

e & =107 —1=999.995 ¢ =+10%"" -1 =0.50884

p
3agaua 4. Jlnga pacyera mnepenaTOuyHON — (yHKUIUU aHaJIOrOBOIO
HopMupoBaHHoro ®HY tpeOyemoro mnopsiika BOCHOJIB3YEMCS HPOrPaMMHBIMU

byukusmu Matlab.

$PacuerT KOZPPULMEHTOB IMNOJIMHOMOB UMCIMUTEJIS M 3HaMeHaTess II®

srne wO= wns

[b,a]l=butter (N, w0, 's'");
$3amaHue rnepenaTodHoOM QYyHKLUMM aHaJIoOOBOI'O HOPMMPOBAHHOI'O
dHY

wpf = tf(b,a);

3agaua 5. CocraBuM OWJMHEHHOE TNpPeoOpa3oBaHUE TMEPEIaTOYHOU
XapaKTepUCTUKU  aHaJIoroBoro ¢uibTpa B MEPEAATOUYHYIO XapaKTEPUCTUKY

uudpoBoro GpuikTpa.

tPacuer OMIMHEMHOTO NpeofOpas30BaHMUSA IepedaTOYHOU
XapPaKTEPUMCTUKNM

[bz, az]= bilinear (b, a, w0);

3agaua 6. CocrtaBuTh pas3HocTHOe ypaBHeHue 1upposoro DOHY

barrepBopTa. OOl BUJ pa3HOCTHOTO YpaBHEHUS
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k b_ k a,
vik)= =xlk—m)— X —=-v(lk—m), k=0,1,2,...
m=0 (10 m=1 (13

Jlnis ero peainzanuy HEOOXOAUMO 3a7aTh LUK 00pabOTKM UCXOIHOTO CUTHAla ¢

rymoM GuiIbTpoM ¢ Koddduinenramu bz, az.

SVHMUMAaIM3aluMsa MaccuBa OJisd OT@MHprOBaHHOI‘O CHrI'HaJla

y = zeros (1l,k);
oMb TPAalLMsa CUITHaAJla Ha OCHOBE PA3HOCTHOTO ypaBHeHUSA OuiIbTpa
for 1 = N:length (x)

for m=1:N

y(m)= (bz(m)*x((i+l)-m))-(az(m)*y((i+l)-m));
y(i)= y(i)+y(m);

end

end

3agaua 7. Iloctpoum rpauku UCXOAHOTO M OT(PHIBTPOBAHHOIO CHUTHANA, a
TaKK€ HUX CHEeKTpbl. HalijeM CcUMMEeTpU4YHbIE CHEKTphl HCXOMHOTO fl W

OTQWIBTPOBAHHOTO £2 CHUTHAJIOB.

in = fft(x); $%BI® BXOODHOTO CUI'HaJla

n = length(x); % number of samples

fl1 = (0:n-1)*(Fd/n); % frequency range

powerl = abs(in) .”2/n; % power of the DFT

out = fft(y); SBI® BEXODHOI'O CHUI'HAaJa [ocJe OQuiIbTpaluumn
n = length(y); % number of samples

f2 = (0:n-1)*(Fd/n); % frequency range

[e)

power2 = abs (out).”2/n; % power of the DFT




Pucynox 2 — CBoiicTBa HCXOHOTO U OT(UIBTPOBAHHOTO CUTHAJA

BoiBoa: Oblm paccMoTpeH 4acTHb ciydaii BUX-unbrpa, y kotoporo Bce
KO3 (PUIIMEHTHI SABISIIOTCA TMOCTOSIHHBIMH. B 0011eM ciydae NpoeKTHUpOBaHUE
BUX-dpunbTpa coCcTOMT B pacuere Takux KoddduuueHtos, kak bz, az
oOecrieynBanyu Obl TpeOyeMbIil BUJT YaCTOTHOW XapaKTepuCTUKU. V3 MpuBeaeHHBIX
WUTIOCTPALIMA MOKHO CHENaTh BBIBOJ, YTO BBICOKOYACTOTHBIE KOJIEOAHUS BO
BXOJHBIX JIAHHBIX MOJHOCTBIO (PMIIBTPYIOTCS C MOMOIIBI0 Pa3pabOTaHHOTO HaMHU
¢bunpTpa HU3KKUX YacToT barrepBopra. OOMIMIl JIMCTUHT MPOrPAaMMHOIO KOJa IS

pacyeTHO-KOHTPOJIbHON pabOThI MPUBE/ICH AAJI€€ M0 TEKCTY.

/////////////////////
///////////////////
5%%5%%%%%%%%5%%%%%%%%% Parametrs 5%%%5%%%%%%%%%%5%%%%%%%%%
sllapaMeTpEl UCXOOHOT'O CMUI'HaJa

Al =;
f1 =;
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A2 =;
£f2 =;
% 3BamaHue curHala
t =(0:200) /Fd;
% =
Al*sin(2*pi*fl*t) +A2*sin(2*pi*f2*t)+0.5*rand (1, length(t));

o\

YacToTa auckpeTmsauuu (I'i) :

Fd =;

% HepaBHOMEPHOCTHL B IIOJIOCE MNpolycKaHuda (O0b) :
Rp =;

% llomaBJjieHMe B IOJIOCe 3arpaxneHud (moB) :
Rs =;

% YacTtora cpesa(l'n) :
w0 =;

% YacToTa nomasBiyjieHmd (I'r) :
Wl =;

% HopMmMpoOBaHHas dYacToTa cpe3a:
w0 =;

% HopMmMpoOBaHHas dYacTOoTa 3alpPaXIeHMUd:
wl =;

$HopMrpoBaHHAada MKajla 4acToT LMOPOBOTO GuIIbLTPa
wdal = 2*Fd*tan(wl/2);
wda0 = 2*Fd*tan (w0/2) ;

$3%5%%%5%%5%5%%5% BeluMCJIeHME [apaMeTpOoB I1OJIMHOMAa $3%5%%5%5%%5%%
es = sqgrt (10" (Rs/10)-1) ;%nonaBieHue

ep = sqgrt (10" (Rp/10)-1);%cpes

N = (log(es/ep))/ (log(wdal/wda0)) ;

N = round (N),; S%lopanok mnojgmHoMa OHY

$PacueT kO030PULMEHTOB IIOJIMHOMOB UMCJIMTEJIS UM HamMeHaTesns I[Id
srme wO= wns

[b,a]=butter (N, w0, 's'");
%3amaHye nepenaTouyHoOM QYHKLUMM aHAJIOTOBOT'O HOPMMPOBAHHOTO
®HUY

wpf = tf(b,a);
sPacueT OMIMHEVHOT'O NPeoOpa30BaHUA IepenaTOdHOM
XapPaKTEPUCTUKNU

[bz, az]= bilinear (b, a, w0);

FFRFF KX AKX AKX HyLIMAIMBALMA MacCUBa OJIS OTQUIIE TPOBAHHOTO
CMl—‘Haﬂa********
y = zeros(l, length(x));
SOMIIbTPAalLMsA CUTHajla Ha OCHOBE PAa3HOCTHOTO ypaBHeHUS OouibTpa
for i = N:length (x)
for m=1:N
y(m)= (bz(m)*x((i+l)-m))-(az(m)*y ((i+1l)-m));
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y(i)= y(1)+y(m);
end
end

%****************CHEKTP

CMI‘HAJ‘[OB****************************

in = fft(x); $%BI® BXOODHOIT'O CUI'HAaJa

n = length(x); % number of samples

fl1 = (0:n-1)*(Fd/n); % frequency range

powerl = abs(in).”2/n; % power of the DFT

out = fft(y); SBI® BEXOOHOTO CHT'HAJIa NOCJEe OUIbLTPaLUM
n = length(y); % number of samples

f2 = (0:n-1)*(Fd/n); % frequency range

[e)

power2 = abs(out).”2/n; % power of the DFT

$IIoCTTPOEHME BCEeX IOJIYUeHHBX XapaKTEepPUCTUK.
subplot(2,2,1); plot(t,x);

subplot(2,2,2); plot(t,y):

subplot(2,2,3); plot(fl,powerl, 'r'")
subplot(2,2,4); plot (f2,power?)
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