Kadenpa akycTuku ta akycroenekrpoHiku. Jucnurmiina «MeToau 00poOKH aKyCTUYHUX CUTHAIB»

JJABOPATOPHA POBOTA Nel

PO3PAXYHOK HEPEKYPCHUBHUX ®LJIbTPIB HU3bKOI YACTOTH TA HU3bKOYACTOTHA
OLIBTPALIISI MOBHUX CUTHAJIIB

Merta po6oTu: 3100yTTS HABHYOK PO3PaXyHKY Ta 3aCTOCYBaHHS HEpEKypCHBHHX (PilbTpiB B cepemoBuii Matlab.
TpuBagicTh BUKOHAHHS POGOTH: 4 aKaJIeMIYHUX TOAWHU (2 3aHSITTSA 10 2 TOAUHU).
Po6oue 3aBpanHs:

1. TIpoBeniTh po3paxyHOK Koe]ili€HTIB HEPEKYPCUBHOTO (QiIbTPYy 6-ro NOPSAKY Bpy4HY Ta B cepenoBuiui Matlab 3a
nmoromoroto komanau firl (Jomarok 1). YactoTy amckpermsanii Ta gactory 3pi3y mpuitaata 100 I'mp ta 25 I,
BIZIMOBiAHO. Y TOCKOHANBTE TiporpaMy fir_low_koef.m, JI0IaBIIN «JIETEHIY», sIKa JO3BOJSIA O PO3PI3HIATH
pe3ysbTaTh pyYHHX PO3PaxyHKIB Ta pO3paxyHKiB B cepenoBuili Matlab.

2. [IIposexnits obuncnenss ta noodynosy rpadikis AUX ra @UX B cepenosuii Matlab (JomaTox 2). CnpoOyiite Bci
BapiaHTH MporpaMu OOYMCIIEHH, 0 HaBeleHi B JlomaTky 2, o0epiTh HalKpalMii Ta BKAXITh NPUYMHHU BALIOTO
BuOopy. [Jlomaiite no rpadikiB «ierenay» (Buxkopucraiire komanny legend()), sika nosBoisuia O pO3pi3HATH
pe3yIbTaTH PO3PaxXyHKIB 32 «CaMOPOOHOIO» MPOrpamMoro Ta 3a koMaHnowo freqz(). O0unchiTe «BpydHy» (hazoBYy
XapaKTepUCTHKY Bamoro (imeTpy, KoedimieHTH skoro obumcieHo 3a (opmyinoro (3). Takox 3a JOMOMOTOIO
komaHau phasez() oOuucIHiTE (Pa30By XapaKTepUCTHKY (inbTpy, KoedimieHTH skoro obumcieHo B Matlab 3a
noromoroto komauau firl. [ToOyayiiTe Ta mosACHITE Tpadik (ha30BoOi XapaKTEPUCTUKH (PiIbTpa.

3. 306imbInTe MOpSAIOK ¢inbTpa B ABa pasu i 3po0iTh BUCHOBKH Tpo 3MiHu ¢popmu AUX ta PUX dineTpa.

4. BukopucroBytouu BikOHHY (yHKUi0 (quB. Tadua. 1) mis dinerpa 12 mopsiaky, npoaHamizyiTe, sSK 3MiHIOIOTHCS
AUYX ta OUX.

5. Cunresyiite ®HY (to6T0 po3paxyiite koedinieHTH ¢uIbTpa) i3 BepxHbOIO yacTtoToro 3pidy 1 k[ Ta
npodinpTpyiite MM (GUIBTPOM MOBHHMI CHTHAJ TPHUBANICTIO 2-3 ¢ (IIpUKIax MOBHOTO curHainy: «Moe mpi3Buiie
IBanOB»). YacToTy nuckpern3sanii MmoBHOro curnainy npuitaatu 22050 I'u. B skocri 3paska nporpamu dinprparnii
MOXeTe BUKOpHCTAaTu nporpamy, Haseneny B Jlomarky 3. [lopiBHsiiTe Ha ciyXx He (UIBTpOBaHUN Ta (HiNbTPOBAHUH
CUTHAIH, Ta OIiHITh CY0 €KTHBHO SAKICTh (DUTLTPOBAHOTO CHTHAIY 3a S-0aibHOIO mKamoio (Bim 1 mo 5, apoboBsi
OI[IHKH JIO3BOJISIOTHCS).

6. TIloBropite mii 3a m.5 mig wactot 3pi3y Bix 2 mo 8 k['m, i3 kpokom 1 xI'm. [Tobyayiite rpadik 3a1eKHOCTI SIKOCTI
¢inpTpoBaHOrO curHairy Big cmyru dactor OHY. IloB’spkiTh OTpHMaHy 3aleXHICTh i3 TUM (hakToM, IO B
TeeoHii MUPOKO PO3MOBCIOKEHO 3B'SA30K, /e MOBHUH CUTHAI 00MeXeHo cMyroro 9actoT 3,5 k11 (2G), pimamre —
cmyroto 7 k' (3G).

7. OdopMiTh 3BIT 32 pe3ysbTaTaMu JJA00paTOpHOI poOOTH (MPUIMYCTHMO 0(hOPMISATH OIMH 3BIT Ha Opurany).

Tabmmus 1. BapianTu BikoHHUX QyHKIIH

Ne .
Bap. Bikno ®opmyna
1 TpamoxyTnre wn)=1 omm n=-N,...,-1,0,1,....N; O onsinw.n
(Hipixe)
2 bapriera 1M o m=eNe SLOL.N: 0 omai
(Peitepa) wn)=1-— ora n= ,....,—1,0,1,...,N; 15 THUL. N
Xeninra _ 2 I — n - _ _ . :
3 w(n) =cos (T[J—O,S[l+cos(nﬂ ors n=-N,....-1,0,1,....,.N; O onsinw.n
(Xanna) 2N N
n
4 Xewminra w(n) :0,54+0,46COS(NTIJ orn n=-N,....-1,0,1,....,.N; O onainw.n
5 Biexkmena w(n):0,42+0,500s(;T[)+0,08cos{i’;ﬂ) ors n=-N,...,-1,0,1,...,N; O onainw.n
SIH[N T[j
6 Jlannoma w(n) :n— onn n=-N,...—-1,0,1,....N; O orsainw.n
—TT
N
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n
7 oo w(n) =1 —% orn n=-N,.~10,1..,N; 0 onimun
8 Xeminra w(n) = cosz(n n] = 0,5{1 +cos(n nﬂ ot n=-N,...-1,0,1,....N; 0 ons inus.n
(Xanna) 2N N
9 Xeminra w(n)=0,54+0,46 COS(% ﬂj ons n=-N,....-1,0,1,....,N; O onginw.n

Joaatok 1
Oo0uuciaenns koedinienris HU KIX-¢inbTpa

Koedinientn a; KIX-¢inpTpa, mo oOGUMCIIOIOTECA METOAOM OOEpHEHOro mnepeTBopeHHs Dyp’e, BHU3HAYAKOTHCA

CIIIBBIJHOIIIEHHIM:
T %ﬂ
a, =" [H,(jw)exp(jwkT,)do. )
2T
Tﬂ
ne T, - nepion nuckpernsauii (1, =—, f, - wacrora auckperusaunii).

0
Ilincrapnsoun B (1)

1 s MSOOC

H =
() 0 i >0

2
ae (), - 9acToTa 3pisy, i npuiimMaroun a; = d_; , ONEPKUMO
Q,sin kQ, _ Q

c ¢ Sa (kQ ). 3
7 kQ. pn (kQ .) A3)

ne Sa(x) =sinx/x; Q, =—<=2m1-%.

Jlictunr nporpamu fir_low_koef.m i obuucnens, y Binnosinnocri i3 (3), xoediuieHTiB @ , HaBeIeHO

HYDKYE.

$ === fir_low_koef.m ===

% === kondpdmumenTer HU KUX-dunbTpa ===

N = 3; % I[OJIOBMHA INOopAalKa QuibTpa
fs = 100; % yacToTa IOuckKkpeTmsaumm, I
fc = 25; % uyacrToTa cpe3a, Il'u

% === BHUMCJIeHMEe KO30d-B OQuibTpa ===

omc = 2*pi*fc/fs; % OTHOCKMT. 4YacToTa cpesa
ak0 = omc/pi;

k = 1:N;

sinxx = akO*sin (k*omc) ./ (k*omc) ;

ak = [fliplr(sinxx) akO0 sinxx];

o\

o\

=== CTaHOapTHas KOMaHIla BHUMCIIEHUS KO2OO-B dunbTpa ===
akl = firl (6,2*fc/fs,boxcar (2*N+1), 'noscale');

figure;

plot (ak, 'r'");

hold on

stem(akl);

Komentyrouu nporpamy fir_low_koef.m, 3aznaunmo:




Y
2)

3)
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sminna k , 10 ¢irypye y dopmymi (3), 3amaeThest IK BEKTOP-CTPOKA, SIKUH MpuiiMae 3Ha4eHHs 1, 2, 3;

4acTHHA KOe(ilieHTIB @) OOYMCIIIOETHCA M TAKOTO BEKTOPa k 3a popmymoro (3);

NOBHUH Habip KOe]ilieHTIB @; KOMIOHYETCH i3 TPhOX YACTHH: B LEHTPI 3HAXOAUTBCSA YHUCIO (, IO AKOTO

crpaBa NpueTHaHO KoedilieHTH, o0YnciieHi 3a 1.2), a 31iBa — Li )X KoeilieHTH, BigoOpaXKeHi A3epKajbHO,
TOOTO «3J1iBa-HAMPABO».

Jis KOHTpPONIO 3a HPABMIIBHICTIO OOYMCIEHb, B KiHIi MPOrpaMH BHKOHYEThCA OOYHCIECHHS KOe(DillieHTiB 4 3

Jornomoror 6i6mioreunoi mporpamu firl.m. Cnienazginus rpadikiB CBiquUTh NPO MPABHIBHICTh «HAILIOI» MPOTrPaMMH
00YHCIIeHB, a TaKKe TOKa3ye, SKi BUMOTH MOTPiOHO BHKOHATH IUIS TAKOTO CHIiBHAAIHHS (IPSMOKYTHE OKHO Ta OIIIis
«noscale» npu Bukopuctanti nporpamu firt.m).

Mol nepeblii rpacui
05 \ ; . :

04+ Vs . 1
0.3 , 1
0.2+ 4 LY 1

0.1r 3

3HaveHusa ak

-0.1¢

Ay 2 3 4 5 8 7

KoadbcpueHTbl ak

Puc. 1. Koedinientn @, , o6uncineni 3a popmyoro (3) (4uepBoHa IIyHKTUPHA JIiHiA) Ta 3a JONOMOroro nporpami firl.m

(cuHi JiHiT)

Jonarok 2
Oobuncienns yacroruux xapakrepuctuk HY KIX-¢pinbTpa

HaBenemo dotmpu Bapiantu nporpamu obumcienns UX HY KIX-dinptpa. ¥V Beix BapiaHTax 00YHCIICHHS

BUKOHYIOTBCS BIATIOBIZTHO 1O (POPMYJIH:

N
H,(w)=ay +2) a, cos kT, . &)

k=1

BapianT 1. Binpizasietscst THM, 10 YX 0OYUCITIOETHCS 32 JOIMTOMOTOI0 MOABIHHOTO IIMKITY — 30BHIIIHIH UK

3abe3neuye nepedip 3Ha4YeHb 4acToTH f , a BHYTPilUHiM MUK 3a6€3Meuye MijicyMOByBaHHs 3a iHaekcoM K .

o° o° o° o

filter 1.m ===
nporpaMMa I[IOCTPOEHMS YaCTOTHOM XapakTepucTuku HYU dunbTpa ===

3alaHMe NapaMeTPOB MOIeJNM ===

a0=0.5; % HyJeBOM KOo3QOMUMEeHT QUIbLTpPpa
ak=[0.3183 0 -0.1061]; % xonddmuMeHTH QUIbTPa Cc 1 1mo 3
£d=100; % 4YacToTa IOUCKpeTM3allalun
dt=1/£d; % nepmon (war) OUCKpeTu3alum
N=3; % I[OJIOBMHA INOopAalKa QuibTpa

df=0.02*fd;
BEIIEJIEHME obJjilacTem ===

s ===

o o

sum = zeros(1l,100);
f = zeros(1,100);
% === BHUMCJIEHME 3BHAUEHUN OQYHKLUM ===
tic
for n=1:100
f(n) = n*df-£d4/2;
for k=1:N

o° o o° oo

mar 1o 4dacToTe

BBEIIEJIEHME OOJiacTyM IO QYHKLUMMU

BBHIOeJIeHMe 0O0JlacTu IJid apl'yMeHTa

HauaJjio KOHTPOJIS BPEMEHM BHUMCIIEHUM
nepebop HOMEPOB 3HAUEHUNM apl'yMeHTa
BHIUMCJIEHME SBHAUEHUM apryMeHTa
nepebop HOMEPOB UYaCTOTHHEIX I'apPMOHUK
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sum (n)=sum(n) +ak (k) *cos (2*pi*f (n) *k*dt); % 3HaueHMsa ObGyHKUUMU
end
end
toc % KOHEell KOHTPOJIS BPEMEHU BHUMCIIEHUMN
H=a0+2*sum; JacTOTHAaS xapakTepucTmka OuiabTpa

o

o
figure; % OCHOBa mJa Ipaduxa
plot (£, H) % mnocTpoeHMe Ipaduka
grid on % ceTka Ha rpaduxe

xlabel ('YacToTa, I'u'); ylabel ('YporeHb');
title('YacToTHas xap-ka HY ¢uiabTpa 6-ro nopsanka')

Bapiant 2. BigpizHseTbcs THM, 0 B 3raJjaHOMY HOABIHHOMY IMKIII 3MIiHEHO MOPSIOK IMepebopy 3HAYCHD
sminnnx f i k.

filter lb.m ===
IporpaMMa IIOCTPOEHMS YaCTOTHOM XapaKTepuCcTukuM HUY ounbTpa ===

o o oo o

[o)]
o
Il
o |l

3amaHre napaMeTpoB MOIesy ===

.5; % HyJIeBOM KO30OMUMeHT O¢uibTpa
ak=[0.3183 0 -0.10617]; % xoodduumeHTH OUIbTPa ¢ 1 mo 3
£d=100; % 4YacToTa IOUCKPEeTU3aLUM
dt=1/fd; % nepmon (war) IUCKPeTU3alun
N=3; % IHOJIOBMHa Nnopfanka QuiIbTpa
df=0.02*£d; $ mar IIo JYacToTe
% === BHIOeJIeHUue obJjlacTeyu ===
sum = zeros(1l,100); $ BHIOeJIeHre o6JiacTu IJid OYyHKLIUM
f = zeros(1,100); % BbIDEJIEHMEe OOJlacTyu IJid apryMeHTa
% === BHUMCJIEHME 3HAUEeHUN OQYHKLUUU ===
tic % HadaJjl0O KOHTPOJIA BPEMEHM BHUMUCIICHUN
for k=1:N % Hnepebop HOMEPOB YAaCTOTHBEIX I'aPMOHMK

for n=1:100 % nepebOp HOMEPOB UYACTOT

f(n) = n*df-£fd/2; % BBIUMCJIEHME 3HAUEeHUM apryMeHTa
sum (n)=sum(n) +ak (k) *cos (2*pi*f (n) *k*dt); % 3HaueHMsa ObGyHKUUMU

end
end
toc % KOHEell KOHTPOJIS BPEMEHU BHUMCIIEHUMN

H=a0+2*sum; JacTOTHAaS xapakTepucTuka OuiabTpa

o
o
o
o

figure; OCHOBa mJya rpaduxa
plot(f,H,'r") % HnocrpoeHue rpadmuka
grid on % ceTka Ha rpaduxe

xlabel ('YacTora, I'u', 'FontSize', 14); ylabel ('Yporenr', 'FontSize', 14);
title('YacToTHasa xap—-ka HY ouneTpa 6-10 nopsamka', 'FontSize', 14);
hold on

% === CTaHOapTHad OporpaMMa [NOCTpoeHmusa AUX ===
akl = firl (2*N,0.5,boxcar (2*N+1), 'noscale');
[H1,f1l] = freqgz(akl,1,25,100);

stem(fl, abs (H1));

B mmpoMy BapiaHTi 3iCTaBISAIOTECS pe3ynbTaTa o0unciens UX: «Hamri» (Manl. 2, 4epBOHA JIiHiA) i OTpUMaHi 3a
nornomoror ¢Gyukuii freqz.m (man. 2, cuni niuii). Pesynprati 36irarotecs, ogHak € # BigMiHHOCTI: 1) (yHKIis
freqz.m He oGumcnioe «3aiiBux» 3HaueHb UX; 2) mpu mobynoi rpadika UX, oTpuMmanoi 3a HOMOMOror (GyHKIi
freqz.m, noBoauThCcst OpaT MOAYTb — y NPOTHBHOMY BHOAIKy Ha rpadik BHBEACTHCS TUTBKH AiliCHA YacTHHA
kommutekcHoi UX. Ili BimMiHHOCTI 0OyMOBJEHI THM, IO «Hama» YX OyayBanacs B MPUIYIICHHI MAapHOCTI (yHKIIT

a,; , roni sk ¢ynxuis freqz.m spuilicroe oGuncneHHs 1S 3pyIIEHHX 3a 4acoM KoedillieHTiB dj , Hymepalis SKuX

MMOYMHAETHCS 3 HYJISA.
Sxmo OymyBaTti MOAYNb «HAMIO» UX, Toxi 30ir rpadikis (1o BepTHKaii) Oyae MOBHUM.
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YacTtoTHasa xap-ka HY dunbtpa 6-ro nopagka
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Puc. 2. UX, obuucneni o ¢popmyii (4) (4epBoHa MyHKTHPHA JIiHIA) 1 32 TOMOMOro0 porpamu freqz.m (cuHi JiHii)

Bapiant 3. Biapisuserscs THM, 110 BEKTOp 3Ha4Y€Hb YaCTOTH f 3a/1a€ThCs MOMEPEIHBO — Y PE3YJIbTaTI BAAETHCS

no36yTHCS Bijl MKy /U151 nepeGopy 3HaueHb f .

$ === filter_2.m === UYacToTHasa xXap-ka OHU ===
a0=0.5; % HyJeBOM Ko3b0OMUMeHT QUIbLTpPpa
ak=[0.3183 0 -0.10617]; % xoobbuumeHTH ¢uIbTpa ¢ 1 1o 3
£fd=100; % YacToTa IOMCKpeTM3alalum
dt=1/fd; % Hnepuon (war) IOMCKPEeTU3aLUML
N=3; % I[IOJIOBMHA IopAalKa QOuibTpa
df=0.02*£d; % mar IIo YyacToTe
f=-0.5*fd:df:1.5*fd; % IOuarnasoH 4YacToT
% === pacuyeT CyMMbl ===
sum=zeros (1, length (f));
tic % Ha4aJlo KOHTPOJIA BPEMEHM BBUYMCIICHUN
for k=1:N,

sum=sum+ak (k) *cos (2*pi*f*k*dt) ;
end;
toc % KOHEell KOHTPOJIS BPEMEHU BHUMCIIEHUMN
H=a0+2*sum; % YacToOTHasd xap-—-Ka
figure;
plot (£,H,'-r") % [OoCTpoeHMe Ipaduka
grid on % IOCTPOEHME CEeTKU
hold on
% === CTaHIapTHas OporpaMMa IOCTpoeHMsa AUX ===
akl = firl (2*N,0.5,boxcar (2*N+1), '"noscale');
[H1,f1] = fregz(akl,1,25,100);

stem(fl, abs (H1));

BapianT 4. Bifipi3HsA€Thcs TUM, 110 BEKTOPH 3HAY€Hb YacTOTH f i 3HaueHb K 3a1al0ThCs MOMEPENHBO — Y PE3YbTaTi

BIIAE€THCS B3arajii mo30yTHCS Bif MUKITIB. THM caMHM IEMOHCTPYETHCS BaXKIMBE JOCTOIHCTBO BEKTOPHOI airedpH, ska
BHKOPHCTOBYETHCS B Matlab Ta 103B0JIsI€ HOMITHO CIIPONTYBAaTH OOYHCIIOBAIBHI IIPOTPaMHU.

% === freqg _har.m === YacToTHasa xap-ka OHU ===

a0=0.5; % HyJleBOM KO3bOuuMeHT OOuibTpa
ak=[0.3183 0 -0.10617; % xooddmuMeHTH QUIbTPa Cc 1 1no 3
£fd=100; % uacToTa IMUCKpeTHu3alaluln
dt=1/£d; % nepmon (war) OUCKpeTu3alum
N=3; % I[OJIOBMHa NIopsanka QuibTpa
df=0.02*fd; $ mar o yvacToTe
f=-0.5*fd:df:1.5*fd; $ IOrarnasOoH YacToT

k = 1:N;

% === pacueT CyYMMBl ===

tic % HadaJl0O KOHTPOJIS BPEMEHM BHUMCIICHUM
cosm = cos (2*pi*k'*f*dt); % Habop T'apMOHMK II10 YaCTOTe

sum = ak*cosm;

toc % KOHEel] KOHTPOJIA BPEeMEeHM BBEUYMCIICHUN
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H=a0+2*sum; % YacToOTHasa xXap-—-kKa

figure;

plot (£,H, '-r") % HnocrpoeHue rpadmuka
grid on % IMOCTPOEeHMe CeTKU

hold on

% === CTaHOapTHad OporpaMMa [NOCTpoeHusa AUX ===

akl = firl (2*N,0.5,boxcar (2*N+1), "noscale');

[H1,f1] = fregz(akl,1,25,100);

stem(fl, abs (H1));

Honatok 3
3. @iabTpaunis WTYYHOT0 CUTHAY

% === filtering_fir.m ===

Y% === nporpamMmma unbTpaLmm npowecca x(n) ===
Y%

Y% === MoJenb npouecca x(n) ===

x=[123-3-2-10123-3-2-10123-3-2-1];
% === VX counbtpa ===
ak=[-0.1061 0 0.3183 0.5 0.3183 0 -0.1061];

%

% === OONUCbIBaHWE HYIen cnepeau n c3agm maccmea x(n) ===
lak = length(ak);

nz = lak-1;

zrs = zeros(1,nz);
Xz = [zrs X zrs];
%
% === geneHue x(n) Ha ppenmbl ===
nfrm = length(xz)-lak+1;
xfrm = zeros(lak,nfrm); % BblgeneHvne obnactu
for k = 1:nfrm
xfrm(;,k) = xz(k:k+lak-1);

end

Y%

Y% === punbTpauus ===

y = ak*xfrm;

Y%

% === CTaHgapTHas koMmaHaa ounbTpaunm ===

y1 = filter(ak,1,x);

Y% === NOCTPOEHNE rpadpuUKoB ===

tx = 0:(length(x)-1);

ty = 0:(length(y)-1);

ty1 = 0:(length(y1)-1);

figure; plot(tx,x,"-0");

xlabel('Homepa Bri6opok');ylabel('YposeHb');title('icxogHbi curHan');
figure; plot(ty,y);

xlabel('Homepa Bbibopok');ylabel('YposeHb');title('Pesynbrat dunbTtpanmu');
hold on;

stem(ty1,y1,'r');

legend('Hawa dunbTpauus’,'punstpauna Matlab');

% === Apyromn cnoco® nocTpoeHus rpacmkoB ===
figure % new figure

ax1 = subplot(2,1,1); % top subplot

ax2 = subplot(2,1,2); % bottom subplot

plot(ax1,tx,x,"-0")
xlabel(ax1,'Homepa BbI6opoK'); ylabel(ax1,"YposeHb');
title(ax1,'cxogHbi curHan');

plot(ax2,ty,y,'-x"); hold on; stem(ax2, ty1, y1, 'r');
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xlabel(ax2,'Homepa Bbibopok'); ylabel(ax2,"YposeHb');

title(ax2,'Pesynbtat ounbTpauumn');

legend(ax2, 'Hawa dunbTpaumns’,'dunstpauns Matlab');

PesynbraTé BUKOHAHHS TaHOI IIPOTpaMy MPEICTaBICHI HIDKYE y BUTIIAAL rpadikiB.

WcxoaHbii curHan

YpoBeHs

PesynbTat hvnbTRaUmMn

— Halwa GUNLTPaLIA
p —=€ dunsTpaumna Matliab

\

YposeHb
o

10
Homepa BbiGopok

a

YpoBeHb
=]

6 B 10 12 14

Home pa eeibopok
PesyneTat hunbTpayum

16 18 20

o]

YposeHb

—— Hawa duneTpauma

-2

4 .

LM
/4

—)  dmneTpauma Matlab
w\\/ .
.

o 5

10 15
Home pa eeibopok

B

20 25

20 25

Puc.3. I'padixu BuXimHoro i GiIbTpOBAaHOTO CUTHATIB, MPEACTABIIEH] PO3IiIBHO (a, 0) 1 CITBHO (B)

3BepHITh yBary Ha crnenn¢iky IporpaMHOi YaCTHHH, ¢ MU OOYHCITIOEMO AWUCKPETHY 3TOPTKY - TYT iCTOTHO
BUKOPHUCTAaHO ocobnmBicTe Matlab, mo nomsArae B omepyBaHHi i3 MaTpHIIMA Ta BEKTOpaMU. MacHB BXiJHOTO CHUTHAIY
(omHOMIpHMIT) OYyB NEpPETBOPEHUH Yy ABOBUMIPHMI MacuB, ICIS YOro 3IIHCHEHO BEKTOPHO-MaTPUYHHMH H0OYTOK
KoediLieHTIB (inbTpa Ta MaTpHLi BXiJHOTO CHUTHANy - i B pe3yibTaTi OyJ0 OTPHMMAaHO BEKTOp 3HA4Y€Hb BHUXIJIHOTO

CUT'HaJTy.

3po3yMmizio, e AajleKo He €IMHHMH CcHocid HamucaHHS NporpamH (QUIbTpalii - BH MOXXETE€ CaMOCTIHHO

MOTPEHYBATHCS B HAIMCAHHI abTEPHATUBHUX BapiaHTIB.

OnHak BaXITMBO 3BEPHYTH yBary OCh Ha IMO: y TOM uac sk crammaprTHa mporpama filter.m mae uxinumit
CHTHAJ Ti€l ) JIOBXHHU, IO ¥ BXigHUN curHan (19 Bubipok), Hamia nporpama fana Ha 6 BuOipok Ounbiue. 36ir popmu
BUXIJTHUX CUTHAJIIB CBIIYUTH, IO HAIlIa POTpaMa BipHa. 3 iHIIOT0 OOKY, BHHUKAE TIUTAHHSI - 3BIJIKU B3SUIHCS JOJATKOBI
BUOIpKM B HamoMy pe3yibTati? AOO iHaKImIe 3amuTaeMo — SIK Tpammiocs, mo B Matlab’i BigcyTHi 11i 6 BUOipoOK, SKIIO

BOHHM HACIIPaB/i MartoTh OyTu?

OT HaJ OUMU MUTAHHSAMH 1 IPOMIOHYEMO BaM TIOAYMATH CAMOCTIHHO. ..



